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SET AND ANTENNA AND
STILL A LOUSY PICTURE (

Color or UHF set perfect? Antenna perfect? Then obviously
there’s a missing link. Check that antenna lead-in cable.
Old, worn-out, weather-beaten cable, or the ordinary flat
ribbon kind designed for black and white VHF, causes more
fuzzy, distorted pictures than you can count. It's your
opportunity to upgrade these customers to a cable matched
to their particular signal reception situations. One of
Belden’s Big Four—the link to perfect reception.

FOR CONGESTED AREAS...
6290 SHIELDED
PERMOHN

In congested, in-city areas, stray electrical interference and noise are
at their worst. For perfect, all-82 channel reception—color or B/W—
replace old cable with Belden's 8290 Shielded Permonm. Its aluminum
Be!dfoil® shielding prevents pickup of ghost signals and electrical noise
by the lead-in. Weather-proof and water-proof. You can tape it right to
the mast. Or install it underground, in conduits—even in rain gutters.

=

22 (7 x 30)

~ Brown | .305 507, 75, 100’ coils
i X have terminals
| H .515 attached.

- Copperweld, 2 conductors, orange polyethylene insulation and web
between conductors, cellular polyethylene oval insulation, Beldfoil
shield, stranded tinned drain wire, poiyethylene jacket.

Available in counter
dispenser.

250, 500’ spool.
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FOR FRINGE AREAS...

TITRCTRETITE 3285 PERMOHMN

Antenna cable in uncongested or fringe areas picks up little P o
x 4

(’\Y/J
Do e —

electrical interference. But does get a lot of weathering, which
degrades an already weak signale These customers need
encapsulated cable. Belden 8285 Permohm. lts special poly-
ethylene jacket protects the energy field, regardless of weather
conditions. It delivers the strongest signal of any unshielded
twin lead under adverse conditions. Requires no matching
transformers and connectors. For all 82 channels, color or B/W. e

| 22 (7 x 30) 8rown ! .255 73.3% 5.3 1.4 50’, 75', 100’ coils |
3 ] i X 300 2.8 have terminals
c 1d, 2 cond e tyethy! I d 300 38 e ‘
opperweld, 2 conductors parallel, orange polyethylene insulation an ) : i
! web between conductors, celiular poiyethylene oval jacket. 900 i 5.6 (A‘Jivsa;;gjr?sl:rm COLTLEY
N i | 2507, 500’ coils and
1 | 1000’ spool.
R

FOR LOCAL BLACK AND WHITE...

8275 CELLULINE"

Cracked, corroded, weathered cable, fuli of dirt and moisture,
loses signal strength; prevents any TV set from delivering a
quality picture. Upgrade B/W VHF and local UHF customers
to Belden 8275 Celluline. Performance is improved because
all possible muoisture between conductors has been elimi-
nated. Abrasion-resistant and weather-resistant for a long,
long service life. And, it requires no end sealing.

20 (7 x 28) 300 |
i 400 |

Bare copperweld; 2 conductors parallel, polyethylene jacket with inert
gas filled unicellular polyethytene core,

in counter dispenser.

250’, 500°, 1000’
spools.

50/, 75', 100’ coils 1
i
1

P

R MATV AND CATV \

)
- 8228 DUOFOIL COAX

EN DUOFOIL

Got an apartment or townhouse complex in your area? Motels
or hotels? Or is CATV coming? Use Belden's new 75 ohm
coaxial cable—8228 Duofoil. Shielding is 100% —sweep tested
100%. Spiral wrapped drain wires provide long flex life. Small
diameter saves space in conduit installations. Use Duofoil
for all coaxial color and B/W VHF, UHF and CATV applications.

e

| 18 ; 1.5 100’, 500’. 1000’
{ Solid, Bare g{ spoois.
3.8 !
i 4.5
| | | 500 5.0
{ 600 5.5
700 6.0 i
800 6.5
[ . %00 | 6.9 |

what else recent reprint article, "Electronic Cable,"”
needs lixing. write: Belden Corporation, P.O. Box 5070-A,
Chicago, lllinois 60680.

. See your local Belden distributor for full
[2) tf t
g%"ask"{fgm details or to order. For a free copy of the BE' DEN Vpp
8-6-84A

CIRCLE NO. 119 ON READER SERVICE CARD
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&
restoration
of power

m puRACELL

Fawa1ny KAl

A ey OLRACELS "H e URACELY " MALLORY

DURACELL BATTERY CHARGER

It's easy with Mallory's new BC-15 Charger. It restores original power to rechargeable
alkaline Duracell® “AA”, “C" and “D" batteries. And the BC-15 is the only way to recharge
rechargeable Duracells.

It's onIy $8.95. And considering the replacement costs of battenes the BC-15 pays for
itself after recharging just six batteries.

And when you figure that each rechargeable Duracell can be recharged up to
100 times, the savings are fantastic.

The BC-15 is simple to use. Just plug it in. It tells you whether the batteries are properly
seated. And automatically selects the proper charging rate for each battery size.
And two different sizes can be recharged at the same time.

The BC-15 is so ruggea, electrically and mechanically, that we give it a one-year warranty.

If you use rechargeable alkaline Duracells, get the BC-15 charger now. It can restore
their power again ... and again . . . and again.

a divieion of P. R. MALLORY & CO. INC.
Box 1568, Indianapolis, Indiana 46206; Telephone: 317.636.5353

MAI.I.DRY MALLORY DISTRIBUTOR PRODUCTS COMPANY

'B%it,te'rliﬁ Capacitors - Controls * Resistors « Semiconductors « Sonalert® « Switches » Timers « Vibrators » ICs

CIRCLE NO. 96 ON READER SERVICE CARD
ELECTRONICS WORLD
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THIS MONTH’'S COVER
shows a few of the numer-
ous filter types examined
in this issue’s Special Sec-
tion. The LC audio filter
(left) made by ESC Elec-
tronics Corp. has a 20-kHz
center frequency and 209%,
bandpass. Damon Engineer-
ing supplies the 4-resona-
tor crystal filter (center) to
the Navy for their Talos
guided missile system. The
nineteen-element S-band in-
terdigital bandpass (bot-
tom) by Microlab/FXR is
used in ECM systems while
the Collins Radio mechani-
cal filters and Clevite's ce-
ramic filter (top center and
right) are used in military
radio sets to provide secure
communications. In sensi-
tive equipment, engineers
often use Sprague RFI/EMI
filters (right) to pass sig-
nals through a chassis. The
Linear Networks low-pass
filter also has many uses.
Photo by Dirone Denner.
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from

Technician to =

ENGUNEBERR

Advance beyond the technician level

Become an clectronics engineer

The Grantham education:ad program in Electronics Fogi-
neering s designed 1o upgrade weelmicians to engineers,
mostly by home study, In this program you can acquire
an eatensive hnowledee of cngineering i carn your
BSEE Degree — for greater prestige, hetter pay. and more
seCurity,

In America’s race 1o the moon and outer space. maore
and mere cngineers are needed. 3y becoming an clec-
tronics enginecr. vou can move into the forefront of weh-
nolozy and engineering. ind be an important part of this
Caviting age.

The demand for enginecrs continues 10 increase: clee-
tronics engineers are needed in the space program and in
many other militury and domestic projeets. In o recent
survey conduaeted by the Engineering Manpower Convmis-
sion ot the Engineers Toit Council. it was found that
engineering cinployvinent in the electrical and clectronies
industries is expected toincrease by 407 in ten years. The
need for engineers is incrcasing faster than the population
as o whole, The survey report indicates that in the next
ade. cmiployers expect 1o need almost mvice as muany
new engineering sraduites as are likely o be available.

Fhe Grantham program in Clectronics Engineering
consists of cight home-study “sections™ and two wecks
of attendance at the School in Hollywood. There are 80
lessons in the first home-study seetion, and 70 lessons
m cach additional section, for 4 total of 570 home-study
lessons. The two-week attendanee in Hollywouod s re-
quired after completion of Seetion 3. Upon completion of
the two weeks in Hollvwood. vou are awarded the ASEE
Degree. and then upon completion of Scetion 8 you are
warded a Diploma in Electronies Engineering. Finally,
upon carning 24 required semester-hour eredits in Eng-
tish. Business. cte. tin ather colleges) and transferring
these credits 1o Grantham, vou are awarded the Degree
of Bachelor of Science in Electronics Fngineering (the
BSEF

The Grantham cducational program in electronics

pliaces heavy stress on fundamental concepts of logic and
mathematics: rather thin on - superficial  manipulative
shills. Sinee these fundimental ideas are largely unfamil-
r o many electromes weehnicins. it is necessary 1o de-
velop them in i systeniatic manner,
Grantham School of Engincering is aceredited by the
Accrediting Commission of the National Home Study
Council, s approved under the G, Rill, and /s author-
ized under the laws of the State of California to grant
academic degrees.

Grantham School of Engineering

2ing in L/cctronics since 1951

1505 N. Western Ave.

Spe
WTRD g

H 3 Hollywood, Colif. 90027
71 # e
K1 N Telephane:
Aex 5T (213) 469-7878

________________________ .i
| Grantham School of Engineering  E¥:4¢°
} 1505 N. Western Ave., Hollywood, Calif. 90027 I
b please mail your (ree Bulleting which expluins how the }
I Grantham aducational program can prepare me for my |
I Ruchelor oi Scienve Degree in Blegironics Lngincering. |
t I
[ |
! Name — Age |
| i
! I
| Address — — v
I !
| City State Zip I
! ]
e e e e e ] e -

——————

T Electronies World

COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLE: ;

RADIO MIRRORS

A big problem with active repeater stations has been reliability and maintenance
costs. But passive repeaters, in many instances, do the same job cheaper with a
whole lot more constancy. In many areas, radio mirrors are being used by telephone
companies to carry voice and data. Our lead article goes beneath the surface to
discover why this is as it is.

LA

RADIO MIRRORS

Pt O e B
£ i o te)

DOLBY

NOISE-REDUCTION SYSTEM

Learn what audio engineers are doing to
oblain yuicter masier tapes with greater
diynantic range than coer hefore.

the

specifications for bugers who want
most for thei nionety.

ATOMIC RADIATION

The first of u series of articles on what
radioacticity is all about. The author ex-
plores atomic structure and shows how
radioactice isolopes are formed.

FORD'S NEW SPEED CONTROL

An clectronic memory and  computer
keeps 69 Fords ernising at any desired
spocd. DIGITAL IC TIMER

If you really want accurate timing, you
necd an electronic timer: and the newest
timers are made with 1C’s. This article
tells how they can be made more veli-
able at less cost.

SELECTING A

TAPE RECORDER

Kuow what’s required for a veally effi-
cient tape recorder® This article lists
Al these and many more interesting and informative articles will he nours
i the May issue of ELECTRONICS WORLD on sale April 17th.
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7085. Includes: Everybody Loves
Somebody, Housten, Nobody's
Baby Again, Bumming Around, etc.

time, 9 more

I };S\ Yo =y

6876. Featuring Janis Joplin sing.
ing Piece Of My Heart, Summer-

Kl
e Ll

AR

ARETHA FRANKLIN
_Aretha Now

[

RN 2
15ay a Little Prayer » Think
ATLANTIC ] 8 MORE

7051. Riso: You Send
Me, A Change, | Take
What | Want, etc.

FRANK SINATRA'S
GREATEST HITS
pa » Strangers in
the Night

7045. Also: Little
Green Apples, Feelin'
Groovy, 10 in all

—_—
RAY CONNIFF

and the Singers

TURN AROUND,
LOOK AY ME

6897, Aiso: People;
The Good,The BadAnd
The Ugly; 11 in all

! 1
6415. Joh N i it: H . 3
ik HOLHRLES e (e i I \ You'll have no problem selecting four more cartridges
Carter), The Wall, etc. -

GARY PUCKETT
AND THE ~
UNION GAP |

7029, Plus: I'm Just
A Man, if The_lJar
Would Come, 11 inafl
1SOUNDTRACK)
164 THE
GRADUATE

Songs Pertormad by
Simon &
Garfunkel

6313, “‘Like the mov.
ie, a hit album'’
—Billboard Magazine

Now...for the first time...a brand-new service that
offers you stereo tape cartridges—at great savings!

As your introduction, choose

ANY 3

8-TRACK CARTRIDGES

$595

ONLY

if you join now, and agree to buy as few as 4 additional car-
tridges during the coming year, from hundreds to be offered.

YES, IT'S TRUE! You may have any 3 of the best-selling
8-track cartridges shown here — ALL 3 for only $5.95!
That's the fabulous bargain the brand-new Columbia
Stereo Tape Cartridge Service is offering new members
who join and agree to purchase as few as four addi-
tional selections in the coming year.

FREE SUBSCRIPTION TO CARTRIDGE BUYING GUIDE.

6366. Includes Mrs. Robinson
from "'The Graduate,' Fakin' It,
At The 200, OId Friends, etc.

)

S
5

{ [ because the Service offers you so many cartridges to
/=1 choose from . . . all described in the monthly Buying
ﬁ\ Guide which you will receive free! You'll find hit 8-track
cartridges from every field of music — the best sellers
from many different labels! You may accept the regular
monthly selection . . . or any of the other cartridges
offered . . . or take no cartridge at all that month.

YOUR OWN CHARGE ACCOUNT! Upon enrollment, the
Service will open a charge account in your name. You
pay for your cartridges only after you've received them
—and are enjoying them. They will be mailed and
billed to you at the regular Service price of $6.95 (Clas-
sical, occasional Original Cast and special cartridges
somewhat higher), plus a mailing and handling charge.
YOU GET FREE CARTRIDGES! Once you've completed your
enroliment agreement, you'll get a cartridge of your
choice FREE for every two cartridges you buy! That's
like getting a 33Y%5% discount on all the 8-track car-
tridges you want . . . for as long as you want!

COLUMBIA STEREO CARTRIDGE SERVICE

Terre Haute, Indiana

BERNSTEIN

Plays Favorite
Americen Classics

GERSHWIN: : Retlections
Rhapsody in Blue s nus

An American in Pans Forever
GROFE: Grand ¢ me Toda
Canyon Suite - oo 10 MORE 3

[Cnitstnial e~

6238-6239. Twin-
Pack Tape (Counts
As Two Selections)

:» Popular *
STAR TRACK, Vol. 4
Andy
Williams

6449. Also: Up, Up
And Away; Ode To
Billie Joe; etc.

ANDY
WILLIAMS
HONEY
< PUS -
By the Time
| Get
to Phoenix

Percy
Faith

6558. Plus: Love Is
Blue; Windy; Up, Up
And Away; etc.

6717. Includes: Logk
0f Love, Never My
Love, 11 in all

£ JIMI HENDRIX ¢
s TWIN- TH PeRiEncE. | | Anre ostelanets COLUMBIA STEREO TAPE CARTRIDGE SERVICE |
coLpen [ PACKS “;‘c'"c‘r°“"‘° “WONDERLAND Terre Haute, Indiana 47808 l
B rarree ) GEGOLDENIHITS Please enroll me as a member of the Service. I've indicated below
Twice the the three cartridges I wish to receive for $5.95, plus postage and |
music—yet handling. I agree to purchase four more selections during the
each counts coming year at the regular Service price, and I may cancel my |
B as ore membership any time thereafter. If I continue, I am to receive |
5553, Plus: Maria, sefection 7179. Also: VooDoo,  §237. Plus: Java, Ebb an 8-track cartridge of my choice FREE for every two additional
Moon River, Yester- Chile, Rainy Day,  Tide, Walk On The selections I accept. |
day, Dominique, etc. Gream Away, 16 in all wild Side, 26 in all SEND ME THESE 3 CARTRIDGES (ﬁ“ in numbers below) I
: L ] L i 12 ] a20s51c !
And if you do not own a cartridge player, we will give you this I :
Name -
- (Please print) First Name Initial Last Name
8-Track Tape Cartridge Player ! !
I Address I
. $1 9_95 | City State Zip l
o I 1 Check here if, in addition. you want to receive the Columbia |
’ . . . 8-Track Tape Cartridge Player for only $19.95. Enclose your check
With this beautiful, top-performing I or money order for $19.95 as full payment. (Complete satisfaction I
Player, you'll be able to add the | isguaranteed or your money will be refunded in full.) You'll be |
convenience and full stereo sound | billed $5.95 for your first three cartridges (plus a mailing and
of 8-track cartridges to your pres- handling charge), and you merely agree to purchase as few as |
ent stereo record system! Our reg- | twelve additional cartridges during the coming year at the reg-
-~ R & ular Service price. (Be sure to indicate in the boxes above the |
ufar price for ""; Player is $69.95, | {nree cartridges you want.) I
é?; ;gu r:eay ;jveulr::hfor or(;ly | If you wish to charge the $19.95 for your Columbia Player to a
i th're‘: t: :s fo‘: onlasessyggr credit card, check one and fill in your account number below: i
and then agrez to purchasye as.fev; I [0 American Express 1 Diners Club [1Uni-Card |
FEATURES ® Plays {hroush vour home as twelve additional tapes during | [ Master Charge (] Midwest Bank Card |
fitg;eop]re;orﬁgsigistier(n oo 1O sp]e_crlal insttnlla- the coming year. Check the box in | [J BankAmericard (California residents only) |
. ugs r. 31 nto Your amuwplifier or sterco »
phonograph ® Push-Button Program Selec- the coupon at right, and note that, I
torﬂ,1 .thchang%s from oncrm'ogram to anothe- if you wish, you may charge the Account Number 420-6/W6 420-7/X4 |
wi e touch of vour finger ® Completel Y, i
automatic operation ® Oversall Dimc‘x?sionsy:' RlayerdtolenelofJouncrediticads: | R |
11357 wide x 1033” deeb X 432" high | Signature 1
1965 CBS Direct Marketing Services SC-57/868
CIRCLE NO. 115 ON READER SERVICE CARD
April, 1969 5
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need a broader hase if they are to keep ahead of the game. Apparently. electronies in all tvpes of indus-

Electronics Technicians . . .

tries is growing so rapidly that future technicians would fare better if their education were less specialized.

At a recent symposinm on technological education, sponsored by the Frontiers of Science Foundation of
Oklahoma. Patrick B. Lyons. General Manager of W estern Electrie’s Oklahoma City Works. <aid. “We have
a greater need for technicians and engineers who have a strong general theoretical foundation.” He would
like to see changes in education techniques which would produce a more “fexihle” emplovee at the tech-
nician level. Behind it is the idea that broader-hased technician training will keep employees from finding
their johs obsolete as technology advances.

Linear Device ...

sales are exploding and will probably pass the moon on their way to a new higl late this vear. Previous-
ly. high development costs and poor markets for volume husiness have served to hrake the push into the
home entertainment market. But all that is in the past. Recentlv. the use of linear 1€ has been cast in a
new light. As an example of what a linear |C can do. consider H. /1. Scott’s new stereo receiver for which
Motorola integrated all of the multiplex section with a monolithic signal demodulator (FLEcTRONICS
Worin. Feb. 1969, page 31}, The tiny chip replaces a 3 % 5 inch PC hoard. A Motorola 1C preamp is
also used in the set. along with other IC's in the i.f. strip and tuning indicator.

As it looks now. new linear 1€ designs will soon play as big a role in the entertainment electronies
market ax discrete semiconductors do now. In fact. the semiconductor industry has indicated its willing-
ness to develop circuits which can meel the general requirements of specific equipment.

By the way, Motorola and Scott have an agreement which hottles up the supply of the Wotorola 1C de-
mod for six months. After that. the monolithic chip is supposed to he available to all comers for ahout $3
apicee.

When Intelsat 3. ..

achieved synchronous earth orhit over the Atlantic. it made it possible to lower tarifls for overseas tele-
vision transmission. Accordingly. the Communications Satellite Corp. (Comsat) has asked the FCC for
permission to lower rales by 10 percent and to eliminate extra charges for color-TV. By reducing rates,
they expect to double the volume of transatlantic television.

To illustrate the magnitude of the reduction, Comsar’s present 10-minute initial period charge for a tele-
vision transmission (video and audio) on the United States-to-Europe routes is $1100 for a hlack-and-white
tranzmission and $1375 for a color transmission. Under the proposed new rates. the charge would be $660
for either black-and-white or color. For each additional minute the charge is $30 for hlack-and-white and
$37.50 for color. The proposed new charge is $18 [or either.

What do all these rate changes mean to the American consumer? Well. it could mean hetter programs
with more of the hest in European art and theater being shown, Tt1l also make it easier for them, the Eu-
ropeans. o take in our cultural and athletic endeavors,

Incidentally, as this column was written, two communmications satellites were launched and orbited—
one commercial and one military. The successful orbiting of the commercial satellite over the Pacific
probably means that Comsat will press the FCC lor similar rate reductions. The military satellite is to test a
tactical system that would link units in the ficld and on ships and aircraft.

Radioteleprinters . . .

may one day be standard equipment in police cars of many major cities. For some time the City of Miami
Police Department has heen experimenting with a new radioteleprinter under a special permit from the
FCC. So far, the FCC has poked along trying to figure out how to best regulate mobile radioteleprinters.
Meanwhile, many interested law enforcement agencies, state communications advisory hoards. and indus-
try associations have heen smothering the FCC with memoranda saying how much they like the system,

6 ELECTRONICS WORLD
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In many big cilies, there are times when so many police radio transceivers are on the air that reception
is garbled and diflicnlt. Teleprinters cut the “time” needed for long involved descriptive transmissions
and eliminate ervors in copying the information or the necessily for repeating the message il the officer
should be oul of the vehicle at the time it was first senl.

At present, the FCC has vestricted teleprinters to 10 pairs of channels in the 450-470 MHz band. Most
potential users, however, are pressing for authorization Lo use teleprinters on all lrequencies in all avail-
able bands. Conceivably. this would make installation of the system casier and less expensive.

Community Radio Watches . ..

get backing [rom big business, particularly General Motors and Motorola Communications. The radio
watch program, which began in 1966, has become one of the country’s largest and most widespread plans
for encouraging citizen cooperation in the fight against crime. Nearly 700 cities and towns have adopted
it. Over half the cities with populations over 100,000, including New York, Detroit, Chicago, Baltimore,
Atlanta. San Francisco, and Washinglon, D. C., have envolled.

In each city, the program is usually directed by the mayor who asks individuals and companies witlt two-
way radio-equipped vehicles to act as eyes and ears for the police. Inmost cities, drivers observing ac-
cidents, fives, crimes in progress. suspicions persons, etc. report fo their hase stations who, in turn, notily
the appropriate authority by telephone. In Detroit, the CB Radio Driver Aid Network is equipped with
GM mobile CB transceivers. Network drivers patrol the Lodge Freeway and veport, through remote re-
ceivers located in strategic spots, to a single hase slation.

At present, over 46,000 business firms are participating in Community Walch programs, keeping a
quarter of a million drivers on the alert for real or potential trouble. Being so short of men, most police
departments weleome the help. It fills in many of the gaps caused by lack of personnel. All without cost to
the taxpayer.

Welding . ..

has heen lifted from the realm of “just another cralt” (o a fine-art status by the telescoping size of elec-
tronic components. First, tungsten-inert gas welding (T1G) was developed in the 1910 [or working with
hard-to-weld materials such as aluminum and magnesium. Then the plasma needle are-welding technique
came alone. This method was pavticularly useful for welding printed-cireuit boards and transistor ele-
ments. Of course, the latest method to find favor is the laser welding system.

Two improved arc-welding svstems have recently heen developed by Air Reduction and the Linde Di-
vision of Union Carbide. The Adirco system, called “Pulsed-Are 3. operates at either 60 or 120 pps at vari-
able pulse widihs of 0.8 to 5 illiseconds. According to the company. control of pulse width and Trequency
makes it possible to obtain high-quality welds on thin stock at low amperage.

The Union Carbide system is a 100-amp plasma needle arc type which is capable of TIG and stick
electrode welding. Tnitially developed for welding pieces 0.001 to 0.050 inch thick, it can also work with
materials up to 0.125 inch thiek.

Some Thoughts . ..

April, 1969

ahout things coing on. . .. RCA has set up a new hybrid microelectromies laboratory in Van Nuys, Calif.
to assist its engineers in designing advanced electronics warfare systems, military aviation equipment, and
other product lines. . . . Electronic Industries Association says semiconductor sales were up 409% in 1968.
... Enrope’s newest and largest space link went into operation early this year. Goonhilly 2 was huilt by
The Marconi Company Tor the British Post Office. Tt can carry up to 400 telephone circuits and a lelevi-
sion program simultaneously. Operating through the Atlantic Intelsat 3 satellite, it carries more traflic than
all the translantic cables and the original Goonhilly space link put together. ... Fluidics promises to he a
cheap substitute for electronics in many jobs. ... Rudiation Inc. of Melbourne, I'la. claims that its display
of radiation-hardened TC’s shown at the 1EEE Convention were the first commiercially available. . .. The
State Department and the Flectronic Industries Association joined in protesting the common electronic
component and equipment standards being drawn up by Great Britain, France, and West Germany. They
fear the new standards could mean a rednction of almost 35% in American electronics exports to those

countries. . . . A recent study by the Engineering Manpower Commission (LEngineers Joint Council)
showed small companies most likely to have engineers in top R & D) spots. . . . Last of the XB-70 super-

bombers is safely tucked away in the Air Musewn at Wright-Patterson Air Force Base. The 2000 mi/h re-
search plane was crammed full of sensitive electronic gear up to the very end, measuring clear air turbu-
lence and doing stress analysis. A
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make learning
Electronics at home
fast and fascinating —
give you priceless

confidence.

[i]
Y
f]l St to give you Color Television training

equipment engineered specifically for education —
built to fit NRI instructional material, not a do-it-
yourself hobby kit. The end product is a superb
Color TV receiver that will give you and your family
years of pleasure. You “open up and explore” the
functions of each color circuit as you build.

Ay

Some NRI f]I'StS in training equipment

(1 .
—£N0N
[I I St to give you transmission lines and

antenna systems that include experiments not
otherwise attempted outside of college physics
laboratories. The experience gained with this kind
of Communications training equipment is matched
only by months — sometimes years — of on-the-job
experience.

ELECTRONICS WORLD
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NRI’s “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit sent the day you enroll, to “bite-size” well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a
more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016

APPROVED UNDER NEW Gl BILL i you have served since January 31, 1955,

or are in service, check Gl line on postage-free card.

[l

@
?
fll St to give you true-tc-life experiences as a

communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

April, 1969

designed from chassis up for your

education

e T e

REEE

e

. 3 = acatee f
fl['St to give you completely specialized

training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solving
digital computer circuits are also included in your
course.
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Our tubes have
finally met their match.

We've been making power out-
put tubes for a long time.

Now, we're matching them.

You can get the most popular
output tubes—6BQS5, 7591A, 7868,
and 8417—in carefully matched
pairs.

Matched pairs that lower har-
monic distortion, reduce hum.

And give you more satisfied cus-
tomers.

Sylvania is the only domestic
brand that your distributor has in
stock. Just ask for 6BQS5P, 7591P,
7868P, or 8417P. The suffix “P”
assures you that you are getting a
set of tubes factory-matched by
Sylvania.

Sylvania Electronic Components,
Electronic Tube Division, West
Third St., Emporium, Pa. 15834.

Wi,
o

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

CIRCLE NO. 82 ON READER SERVICE CARD
2 ELECTRONICS WORLD
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. 1 i .
By FOREST H. BELT /Contributing Editor

Color-TV in

the News

You’d think something as well established and old-hat as color television would quit making news. But
popularity and continued growth keep things alive. More than 20 million homes now have color receivers
—35% of the TV audience. By the end of 1970, it’s sale to expect 50% or more of the U.S. television
viewers to watch on color sets.

The market is changing, too. More portables are heing built and sold now. The total number of color
sets in use is rising faster than the number of homes with color. That hears out a recent statement hy B. S.
Durant, chairman of RCA Sales Corp., that color-sel owners buy second color sets much more quickly
than they did their second black-and-white. Color-TV seems to be the only consumer instrument with a
sizable second-unit market long helore saturation of first purchases.

Checking Out the Consumer

The government isn’t the only one examining what makes the American consumer tick. Two companies
—RCA Sales Corp. and Sylvania—have announced studies of the buyer and user of entertainment goods.
Conversation with officials of manv firms discloses strong interest in how and why consumers buy these
days. Changes in population distribution, in spendable income. in personal tastes, and even in the age of
the major buying population—all affect sales and design trends for the next few months and years. Alert
companies have always heen sensitive to consumer likes and dislikes. Now, market tests and consumer re-
scarch promise the buying public an even larger role in deciding next year’s features.

This also opens up an avenue of influence for the service technician; he is a front-line contact with the
home-entertainment consumer, and most manufacturers realize it. More and more st‘t‘-]:uyers are sensi-
tive to servicing and repair costs and availability; technicians can help or hinder the reputation of a set-
maker hy saying how easy (or not) a model is to service.

Down with the FCC!?

The Federal Communications Commission reaps its share of abuse (some commissioners and staffers
think it gets more than its share). Now a series ol bills, introduced by Representative John Dingell of
Michigan, is aimed at drastically changing or entirely abolishing the FCC. The mildest of the bills, H.R.
3059, suggests the Commerce Department study the [unctions of the Commission and make suggestions
to Congress. Another bill recommends the FCC, which is an independent agency, be put into the Commerce
Department. The tough Lill, H.R. 3058. wants to eliminate the 1°CC and establish three new agencies: one
to regulate broadcasting; one to regulate commeon-carrier and satellite communications activities; and one
to handle frequency allocations for all except safety and special services. Allocations for safety and special
services would he made by the Transportation Department. To so fragment the duties of making sense ol
our already tangled communications setup doesn’t sound much like improvement; the bureau or agency
that developed the most powerful stafl could easily hog the authority.

. New Name for ‘‘Servicemen”’

April, 1969

The men who repair the nation’s home-entertainment electronics have gained another name. The Nation-
al Alliance of Television and Electronic Service Associations suggests that they be called “electronicians.”
This is in connection with a revised and updated code of ethics each would-he NATESA electronician
must subseribe to. Similar names have heen made up in the past. Mosl recent that come to mind are “clec-
tronist” and “elcetronicist.” Further back, the terms “radiolrician” and “teletrician” were used by grad-
uates of National Radio Institute.

None of them caught on, mainly hecause they don’t roll easily off the tongue. Repeated surveys of ser-
vice people throughout the country have revealed an almost unanimous preference for “service technician”

as a title,

NATESA announces another service. I'rom now on, the association will accept complaints [rom custom-
ers of its members. If the association decides the member is at ault {a fellow member decides), he must
pay for service needed to correct the complaint. I he doesn’t pay the invoice, says Frank Moch, executive
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director of NATESA. his membership can (not will) be revoked. Any customer in ervor will he given an
explanation. No promotion of the “NATESA Electronician Certification” program to the general public
is forescen; the word will be spread to customers by NATESA members.

Urethane Cabinets . .. To Come

A plastic you can hardly distinguish from wood will he turning up in next year’s home-entertainment
cabinets. Tt's urethane. It isn’t less costly than wood. at least not vet. but it can be molded into imaginative
shapes more casily than wood-—and into many shapes wood can’t even approach. First uses of urcthane
will look ordinary. but don’t e surprised if some add-looking designs creep into the lines late nest year.
Designers see a field day in possibilities, hut of course they're limited to what the public will accept.

Service Technician Licensing

There's quite a bit of actiy itv in lecislatures recarding licensing of service shops or people. Consumer
critici=ni is blamed for reviving efforts at licensing technicians in New York State. Similar bills have been
defeated three times, and some proponents of the present bill voice little hope it will be passed this vear.

New Jerscy and Kansas have laws before the legistature, and one may have been introduced in Penn-
sylvania by press time. An important part of hoth bills is a provision for a written receipt giving the
techiician’s name and address and an itemized account of parts nsed and labor performed. Most laws also
provide for an examination Lo prove competence ol technicians.

A billin the Kentucky General Assembly failed to pass in 1968, Lt another is being readied for the
1970 session. And i Indiana. where licensing has been in effect since 1907, a repealer has recently been

dropped into the legislative hopper.

TV From the Moon

11 Tun to conjecture what will happen vears henee in an industry that erows as rapidly as electronics.
Welve seen brief television from Apolle § near onr only natural satellite—the Moon. Our first astronauts
to land there ina few months will probably give us the first iar TV origination. Is it possible they will
leave behind, on <ome future trip, a device 1o make world-wide telecommunications easier?

A example: a cormer reflector to collect and beam back laser ravs efliciently, Bandwidih of a laser heam
is exceplionally hroad. Aot of TV and voice channels could, with eritical aiming and timing, be trans-
milted uzing the moon as a space-located repeater. In later years, ol course, similar facilitics can relay
travismizzions to and [rom the deeper reaches of space,

Electronics from Elsewhere

Of the $5-hillion worth ol consumer clectronies equipment boueht in the United States last year, about
$500-million worth came {rom other countries. Most of it was lrom Japan. Despite “dumping” charaes
(~elling in the U.S. cheaper than at home ). as yet improven, imports of Japanese equipment will proba-
bly rise siznificantly this vear. Chiel import expected to boom in 1969 is eolor-TV; imports of color sels
doubled last vear. This vear’s parade mav he led by Sony’s colov sel with the Trinitron CRT. All this is
it zpite of a TVeset price hike by Japanese manufacturers.

Less than 1077 of consumer electronic imports come from countries other than Japan. Taiwan ships
guitc a few black-and-white sets to thix country, and the number will urow as U.S.-owned plants there
contitne raizing production. Canada =ends in car radios under a dutv-free trade provizion. Hong Kong is
a source of thousands of low-cost AN transistor radins. Mexico has begun making sets for U.S. consump-
tion, and is sure to make more as facilities are completed,

Flashes in the Big Picture

Computer helped Admiral develop color picture tube for L1-inch portables: claim resolution far better
than that of present color CRUs. . . . Federal Trade Commission says number of solid-state devices can-
not be used in advertising transistor radios unless the number refers to working transistors; demands
schematies for proof; prohihits parallel transistors from heing counted as more than one. . . . South Africa
aets TV by 1972, . .. Congress is again considering bill (H. R. 2113) requiring all radios shipped in in-
terstate commeree to he AM-I'M. L. L Sylvania still hasn’t found any rush to buy its quick-warmup 12-inch
BMack-and-white CRT for solid-state TV sets. . . . T Vational Electronic Associations plans July 23-27 con-
vention is Waterbury, Conn.; judging from past, it is a grand affair for service technicians end families. A
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Radar Sentry Alarm
supervises security from every angle.

Radar Sentry Alarm covers every angle.

It works on the same principle used by
the U.S. government to protect our bor-
ders. Microwaves beamed by an installa-
tion of modular units are foolproof.

Any human movement, even the slight-
est gesture, sets off the alarm. And what
an alarm! An ear-splitting blast that
would frighten anything. You can’t
beat it.

And there’s no way to escape detection
...whether the intruder comes in from
the wall, window, door or ceiling. Even
if he shuts off the power, the alarm
sounds.

This is the newest and completely
proven system that everyone’s talking
about.

Take any of the set-ups pictured here.

The smallest is our model 301: its re-
mote detector unit covers up to 5,000
square feet. Can set off an alarm that’s
heard half a mile away. Add up to 3
antennas for a coverage of up to 15,000
square feet. Model 5006 modular unit
is 6 units in one. It will cover up to
90,000 square feet. The big one on the
right, 5010, will give customized cover-
age of up to 150,000 square feet.

Take any of these solid state numbers,
add Dialtronic automatic telephone
dialer, programmed to phone the police
or direct-hook-up or, in case of fire, the
fire department. Or add the special
Radar Sentry Alarm holdup and prowl-
er alarm. It can be used in combina-
tion with any of these set-ups, plus the
telephone alarm, without the thief’s
knowledge.

CIRCLE NO. 89 ON READER SERVICE CARD
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RADAR DEVICES MFG. CORP. EW-49
22003 Harper Avenue
St. Clair Shores, Michigan 48080

[J Send me the alarming details.
] Also send me booklet outlining available

dealerships. I

|
I NEME
I /- s RS raionnmia oot o0 o eaaO00 000 I 00K 00A000 00000000
CitY wovveeeeeeecerecesneeienen, State ceceeeeneennenn. Zip coeveeenns

There’s no hiding place. These units are
considered the best burglar traps in the
world. Solid state circuitry gives effec-
tive performance, means a minimum of
false alarms and reliable operation. And
the heart of the electronic system is
printed on one single printed circuit
module. To replace, just pull out the old
one, plug in the new one, no lapse in
security.

Design your own inviolable customized
system with Radar Sentry Alarm and
accessories. You won’t be able to find
a more versatile, more adaptable sys-
tem...nor one that is more tamper-
proof against burglars.

Get the full story on Radar Sentry.
Alarms. Write now for our new booklet
covering all the facts.
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match your
auto-turntable
to the quality of
a Sherwood 6000

The No-Compromise '"Sound
Center’” for Limited Space.
Now get maximum
performance in a mini-space!
Sherwood's new 6000 is the
full-feature, 120-watt music
power AM/FM “STEREO
SOUND CENTER" that
provides unlimited choice of
matching components. Choose
any automatic turntable*—
any magnetic cartridge.

Mount perfectly on the pre-cut
oiled walnut cabinet. Choose
any speaker. Big or little, low
or high efficiency. Your
Sherwood 6000 has the power
to spare for clean, pure,
wall-to-wall sound. Compare
features. FET FM tuner for
ultra-sensitivity. Front-panel
tape dubbing and headphone
jacks. Stereo and mono
extension speakers. As the
high-performance heart of

the finest component system,
the Sherwood 6000 takes no
more space than ‘‘compromise
compacts.” It's the modern
solution to big sound in small
space. Features: 120 watts
music power, 1.8 uv IHF
sensitivity, —95 db crossmodu-
lation rejection, automatic FM
stereo switching, zero-center
tuning meter, front and rear
panel tape inputs/outputs,
mono speaker output. Perfect
match for your 6000—
Sherwood's new Berkshire II
speaker system: slim 9” deep
cabinet with 12” woofer, 5”
mid range, 160° “omni-polar”
tweeter, 28-22,000 Hz response,

*Any of the Dual (current mod-
els) or Garrard SL55 or SL65.

INNOVATORS IN FINEST QUALITY TUNERS /
AMPLIFIERS / RECEIVERS / SPEAKERS

' 4300 North California Avenue
Chicago, Illinois 60618

Write Dept. EW-4
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LETTERS
FROM OUR
READERS

OUR JANUARY ISSUE

| To the Editors:

The “New Approach to Color-Organ
Design” in the January, 1969 issue
comes with great relief and a hearty
welcome from some of us audiophiles.
There is no better or cheaper way to
obtain frequency discrimination than by
feedback. How come nobody thought
of it before? Nany thanks to LEugineer
J. ]. Powell and to EricTrONIC WonrLb.

ANTHONY Rocco
Bonita Springs, Fla.

To the Editors:

I am writing to commend you and
Mr. Don Steinbach for his recent articles
on “1C Frequency Dividers and Count-
ers” in the Dec. and Jan. EL:cTrONICS
WorLp. These two articles were very
well written and easy to understand.

Bos Siiaw
Garland, Texas
RFI DUE TO C-D IGNITION
To the Editors:

I have recently installed Citizens
Band radios in a 1965 Corvair and a
1967 Pontiac. In both cars the use of a

' Delta Mark 10 C-D system reduced

Fand  excellent

ignition interference by a significant
amount. In fact, this was the only rea-
son for putting one on the Corvair.
There was an increase of noise noticed
in the broadcast radios of both cars.
However, this is noticed at high gain
settings for distant stations; it does not
interfere with local stations so no at-
tempt has been made to correct this.

Harnry H. Wabpg, Jr.

Huntsville, Alabaima

To the Editors:

1 have used a Delta Mark Ten C-D
ignition for four years in a 1964 Che-
velle 283, and for two years in a 1966
Olds Cutlass 330, with trouble-free
engine performance.
However, the addition of the C-D sys-
tem definitely increased ignition noise
in the AM radios of both cars.

The Olds Cutlass is also equipped
with a CB radio and a v.ILf. receiver.
The CB radio, particularly, wus seri-
ously degraded. I made some improve-
ment by incorporating resistor-type
spark plugs in addition to the standard
GM resislor-type harmess. However,

www.americanradiohistorv.com

even with these provisions, the CB
squelch circuit is inoperative and clear-
channel range to my base station is
degraded.
CorwiNn A. Haxsien
Kensinglon, Md.

To the Editors:

In reference to your query in the
December “Letters” colunn  about
RI1 from C-D ignition systems, T had
that very problem.

I built and installed myv own C-ID
svstem in mv 66 Ford and found RFI
on the broadcast radio. 1 proceeded to
run separate ground braids from the
engine block, exhaust pipe, mulfller,
and tail pipe to the car bodv. This
cured it completely.

The exhaust system, being held by
clamps in rubber, apparently acted as
an antemna.

Vic HENDERSOX
Toronto, Ont.

From the letters we lave received,
the installation of a C-D system some-
times increases ignition inlcrference
but sometimes reduces it, especially on
non-broadcast-band AM reccivers. In
any case, it appears that the usual
grounding and shielding interference-
suppressing  techniques that have al-
ways been recommended for ignition
interference work equally well with
C-D or standard systems.—Editors

DIFFERENTIAL TRANSFORMERS
To the Editors:

While T find most of the articles in
ELectroNics WonLp interesting, the
one by Mr. Silver on “Differential
Transformers” in the December, 1968
issue was particularly so because of
possible application in my business.
The onlv problem is that there was no
list of manufacturers whom 1 could
contact for specs, prices, ete. IFrom an-
other publication, 1T have learned that
the Lockheed Electronics Company
and Schaevitz Engincering supply these
devices, and if vou could send me the
names and addresses of a few more it
would be appreciated.

In Fig. 13 of this article, the author
shows a matched pair of differential
transformers in a null-balance circuit
with the core of one transformer con-
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nected to motion to be measured and
the core of the other to a servomotor.
As a somewhat less sophisticated ap-
proach, wouldn’t it be feasible to con-
nect one element of a single transfor-
mer, say the core, to the motion to be
measured and the case containing the
coils to a servomotor?

Incidentally, I believe the circuit
shown in Fig, 12 is in error and that
the junction between the two capaci-
tors should be connected to the junc-
tion of the two secondary coils rather
than to the anode of one of the recti-
fiers.

D. P. McIxTine

Asst. Director, Quality Control
U. S. Pipe & Foundry Co.
Birmingham, Ala.

Dear Mr. Mclntire:

In response to vour inquiry concern-
ing my article, T have listed below sev-
eral manufacturers of these devices.

Gulton Industrics
2524 Wyandotte Rd.
Willow Grove, Pa.

Pickering & Co., Inc.
101 Sunnyside Blvd.
Plainview, N. Y.

Bourns, Inc.
Instrument Div.
6135 Magnolia St.
Riverside, Cal.

With regard to vour coinments on
the null-balance system shown in Fig.
13, it is perfectly feasible to operate a
single differential transformer as a null-
seeking device. In this approach, the
two secondary coils are connected in
series-aiding to form a bridge circuit
with a potentiometer. As the sensing
core is moved from the null position, a
voltage is fed to the amplifier and the
servomotor adjusts the pot wiper to a
new null position. However, the disad-
vantage of this circuit is that the reso-
lution is not as good as the two matched
differential transformers described in
the article.

Finally, T would like to thank you
for pointing out the error in the dia-
gram of the demodulator circuit shown
in Fig. 12.

Sinxey L. Sinver, Engineer
United Nations-Telecom. Sect.
New York, N. Y.

* * *

ELECTRONIC INTRUSION ALARMS
To the Editors:

We read your very interesting and
timely articles recently concerning
electronic  intrusion alarm  systems,
While vour listing of manufacturers
was fairly complete, it omitted men-
tion of our firm. We produce “Burga-
tel” telephone alarm reporting systems.

Joux L. MgexkE, Pres.
Technical Innovations
Barnesville, Md. 20703 A

April, 1969
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Simpson’s NEW
solid-state VOM
with FET-Input

» HIGH INPUT IMPEDANCE . ..
11 Meg () DC 10 Meg {1 AC

® PORTABLE. . ... battery operated
7-INCH METER.....overload protected

Simpson’s new 313 gives you high input impedance for
accurate testing of latest circuit designs . . . free of line cord
connections. Over 300 hours operation on inexpensive bat-
teries. And the new 313 is stable, which means positive,
simplified zero and ohms adjustments. Protected FET-input
handles large overloads. DC current ranges to 1000 maA.
Sensitive Taut Band movement and 7-inch meter scale
provide superior resolution down to 5 millivolts. Write today
for complete specifications.

Complete with batteries, 3-way AC-DC-Ohms probe,
and operator's manual . ..., ... o e, $10000

Y

GET “OFF-THE-SHELF'" DELIVERY FROM
YOUR LOCAL ELECTRONIC DISTRIBUTOR

5200 W. Kinzie Street, Chicago, illinois 60644 « Phone (312) 379-1121

EXPORT DEPT.: 400 W. Madison Street, Chicago, Illinois 60606. Cable Simeico

CIRCLE NO. 85 ON READER SERVICE CARD
17

www americanradiohistorv com


www.americanradiohistory.com

il

AR

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

The "Chip” ...will it make or break

your future job?

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

INY ELECTRONIC “CHIPS,” each no bigger than the head

of a pin, are bringing about a fantastic new Industrial
Revolution. The time is near at hand when “chips” may save
your life, balance your checkbock, and land a man on the
moon.

Chips may also put you out of a job...or into a better one.

“One thing is certain,” said The New York Times recently.
“Chips will unalterably change cur lives and the lives of our
children probably far beyond recognition.”

A singie chip or miniature intsgrated circuit can perform
the function of 20 transistors, 18 resistors, and 2 capacitors,

18

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

Miniature Miracles of Today and Tomorrow

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

And this is only the beginning!

Soon kitchen computers may keep the housewife’s refrig-
erator stocked, her menus planned, and her calories counted.

Money may become obsolete. Instead you will simply
carry an electronic charge account card. Your employer will
credit your account after each week’s work and merchants
will charge each of your purchases against it.

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

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

New Opportunities for Trained Men

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

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

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

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

How To Get the Training You Need

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

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

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

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

Always Up-to-Date

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

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

Tiny TV camera for’
space and military use
is one of the miracles
of integrated circuitry.
This one weighs 27
ounces, uses a one-
inch vidicon camera
tube, and requires only
four watts of power.

Get FCC License or Money Back

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

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

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

Mail Card for Two FREE Books

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

coupon below.
Cleveland Institute

o3
C| of Electronics

1776 East 17th Street, Cleveland Ohio 44114

COLLEGE-

Cleveland Institute of Electronics |
1776 East 17th St., Cleveland, Ohio 44114 |
Please send me without cost or obligation: 1
1. Your 44-page book ‘‘How To Succeed In Elec- |
tronics” describing the job opporturities in
Electronics today, and how your courses can |
prepare me for them.
2. Your book on “How To Get A Commercial FCC
License.”
I.EVEI. 1 am especially interested in:

O Electronics (1 Electronic

COURSE IN Technology Communications

|
|
|
|
|
|
|
|
|
I
|
1
1 O Broadcast 7 Industrial Electronics
ELECTRONICS : Engineering
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

and Automation
ENGINEERING 1 O First-Class [ Electronics
Lic Engineerin
_ for men with prior ex- LD . :
> perience in Electron-
ics. Covers steady- Name
state and transient (please print)
network theory, SO|.Id Address_
. state physics and cir-
cuitry pulse tech- ci
niques, computer logic ity
and mathematics .
through calculus. A | State7ip Age —

[J Check here for G.l. Bill Information.

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

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

TESTED BY HIRSCH-HOUCK LABS

Jensen TF-25 Speaker System
Allied TR-1080 Stereo Tape Recorder

Jensen TF-25 Speaker System

For copy of manufacturer’s brochure, ci

()NLY a few vears ago, speaker sys-
tems tended to be priced in two
or three distinct classes. Under $50
were a lew speakers which claimed
high-fidelity quulities, but were usually
seriously deficient, usually in low-Ire-
quency performance. In the S100 to
5130 class were numerous truly high-
quality systems, which have alwavs en-
joyed wide popularity. The next jump
was to the $200 to $250 bracket, which
encompassed some of the finest speaker
systems to be had at any price.

107

ircle No. 18 on Reader Service Card,

Gradually,
heeu
number of excellent speakers in the $50
to S60 class, others between $80 and
590, several 1 the vicinity of $175, and

the price Dbarriers have
breached, and we now find a

an increasing number from $2350 to
$300).

Iensen, long one of the major speaker
manufacturers, has naturalty kept up
with this trend. and has recently en-
tered the $90 price class with its Model
TI°-25. In the highly competitive speak-

er market, one would expect a new
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entry to ofter something special in the
way ol performance. The manufactur-
er's advertising copy for the TF-25 em-
phasizes its performance rather than its
price, with the glowing adjectives one
has come to expect in such advertising.
We were, naturally, quite curions to
discover for ourselves what the TF-25
could do.

This is a true bookshelf system, bv
virtue of its 8%-inch depth and \velght
of approximately 22 pounds. The wal-
nut cubinet is 22% inches wide and 14
inches high, and is stvled about as at-
tractively as can be, within the limita-
tions of the bookshell format. Within
it is a 10” high-compliance woolfer,
with a free-air resonance of 25 Hz and
an 8-ohin impedince. Above 3000 Hz,
a horn-loaded tweeter tukes over. A
continuously adjustable control in the
rear varies tweeter level from “off” to
maximum, and should be set to suit the
user’s taste. (There is no indication of
a “normal” setting.) We foind the best
bulance to be with the control about
4 advanced.

With the TI-25 mounted on a shelf
as in a typical installation, we mea-
sured the frequency response al ten
locations in the room and averaged the
data to obtain a single curve. The re-
spouse was =6 dB from 60 to 15,000
Hz, and was quite free from sharp
peaks or dips. A slight improvement in
apparent flatness could have been made
by fully advancing the tweeter level
control, but this sounded a bit too
bricht to our ears. At any rate, the
range of adjustment is more than suffi-
cient to suit anv need.

The most interesting characteristic of
the TL-25 response curve was its sud-
den drop below 70 Hz, Below 50 Hz,
the output was insignificant. However,
the low-frequency distortion was ex-
ceedingly low (at a I-watt drive level).
amounting to less than 2% at 50 Hz
and only 6% at 20 1z. The latter was
at a sub-audible, but measurable, level.

IT the low-frequency output fell ofl
more gradually, it could have been
compensated to some degree with tone
controls, since there was absolutely no
tendency for the speaker to break up

ELECTRONICS WORLD
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NOW! An outdoor antenna you

don’t have to mount on the roof

All channel color TV WINDOW ANTENNA outperforms any indoor antenna!

Here's the idea! antenna for apartment buildings and
homes . . . where rocftop mounting is impractical.
Window mounting gives you an outdoor antenna for
improved TV reception. Unique swivel design lets you
aim for VHF and UHF stations independently.

e All aluminum construction with gold corodized
corrosion-proof finish.

; :'«\/
e Mounting bar fits horizontally or vertically in /

any type window up to 42” wide or high,
¢ Extension bars available for larger size windows.

=\V=l=]
J :

_UNIQUE
~~ SWIVEL

CESIGN

List Price $14.95
e 6 element VHF only
List Price $11.95

All Prices 3Subject tc Change.

By the makers cf the famous FINCO Color Spectrum Antennas “s gnal customized” fcr better color reception.
T.M.

Mail coupon for free brochure.

;w!::l::wu% THE FlNNEY
FIVC, COMPANY Name
%it“'f'"ﬁi’u 34 West Interstate Street, Dept. 410-4 Address
Srwrvacrs i Bedford, Ohio 44146 City State Zip
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Only about the JENSEN
size of a breadbox, TF-23
but the new Jensen TF-25 gives
depth and excitemen: to the

most intimate sound in a medium-
priced 2-speaker, 2-way
loudspeaker system. Dura-syn
walnutfinish. $89.59.

Hirsch-Houck independent test
laboratories puts it th's way: “The
Jensen TF-25 has a balanced,
uncolored sound which can be
listened to for hours without
fatigue. We can only agree with
Jensen’s statements and claims.”"*

It's the kind of speaker you'd
expect from the comgany which
has pioneered almostevery major
advance in speaker “‘echnology
since Peter Jensen’s invention of
the loudspeaker.

*For the complete report and
Jensen’s new catalog, write:
Jensen Manufacturing Divicion
The Muter Company

5655 West 73rd Street,
Chicago, Hlinois 60638

STop
See the man with § TN
the button—your UL "m

Jensen dealer—today.

o

or distort when it was “pushed.” How-
ever, in most cuses, we believe that the
low frequencies can only be aided by
room characteristics and correct speak-
| er placement.

The tone-burst response was good at
all frequencies. There was some ringing
visible hut not to a disturbing extent.

| Few speakers in the price class of the

TF-25 can do better.

Listening tests provided a pleasant

‘ confirmation of our measurements. The

speaker  has a  halanced, uncolored
sound which can he listened to for
hours without fatigue. Interestingly

enongh. it never seems “bass-shv”, but
rather has o solid, non-boomy bottom-
end response. This is logically explained.
since there is little musical program
content below 60 Iz, and its output is
exceptionally strong and uniform down
to that frequency, as well as almost
totallv free from distortion at normal
listening levels.

Our conelusion is that Jensen has it
its target squarely with the TF-25. Re-
reading the advertisements in the light
of our expericnce with the speaker, we
can only agree with their statements
and claims. T1-25 sells for $89.50. A

Allied TR-1080 Stereo Tape Recorder

For copy of manufacturer’s brochure, circle No. 19 on Reader Sertvice Card.

NI of the inconveniences of quar-
’ ter-track reel-to-reel tape as a
medium for home music reproduction
is the nced to remove and interchange
the reels at the mid-point, in order to
play all four tracks. Although this is
equivalent to turning over a record to
| play the reverse side. it normally takes
considerablyv more time and on some
| recorders can be an awkward proce-
dure.

A number of tape recorders have
solved this problem, at least during
plavback, bv automatic-reversal sys-
tems. These operate on several dillerent
| principles, such as by sensing an in-
audible tone which the user records on
the tape near its end. or by electrical
contact with a conducting meltal foil
added to the tape at the point of de-
sired reversal.

Most such recorders are designed to
play tape in both directions and have
duplicate plavback heads which are
switched into the circuit in accordance
with the direction of tape travel. As a
rule, they record only in the normal
(left to right) divection, requiring man-
ual interchange of reels al the halfway
point while making a recording.

Anvone who has missed a vital por-
tion of a recording while turning over
tape reels will appreciate the new
Allied  TR-1080 automatic-reversing
stereo tape recorder. The TR-1080 has
duplicate recording heads as well as
| playback heads so that in a fraction of

a second the tape can be reversed and
recording continued without interrup-
tion. The reversal can be performed
manuallv at the touch of a lever, at a
pause in the program, so that not even
a note will be lost. Subsequently, a
piece of adliesive-backed metal foil can
be attached to the tape at that point.
and in futwre playving the reversal will
occur automaltically.

A slide switch on the recorder offers
three modes of automatic operation. Tn
“Aunto Stop”, the tape stops when the
foil is contacted. at either end of the
tape. In “Repeat™. if the foil is installed
at both ends of the tape, the tape will
play completely through and repeat in-
definitely. In “Auto Reverse”, the lape
playvs i both directions and stops afler
one complete plav.

Aside from its aulomatic-reversing
feature, the TR-1080 is a versalile
three-speed machine. All transport op-
eration is solenoid-controlled, with two
rocker-tvpe switches for normal or fusl
speed in each direction. A red “Stop”
button Dbrings the tape to an instant
halt. At normal speed, the tape direc-
tion can be changed instantly while re-
cording or plaving a tape, without
affecting the mode of operation. Signal
lights indicate the selected direction of
tape travel, even while the tape is sta-
tionary. A “Pause” button, with instan-
taneous release, mukes it a simple mat-
ter to delete undesired portions of a
program from a recording. A speed-

CIRCLE NO. 102 ON READER SERVICE CARD
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selector knob also switches equalization
for the speeds of 7Tl2, 3%, and 1%
in/s.

Concealed behind a hinged door on
the panel are the two microphone jacks
and individual “Record” safety buttons
for the two channels. Tn the rear of the
recorder are the high-level “Aux” in-
puts and the line outputs, which are not
affected by the playback volume or
tone controls, and a pair of speaker
jacks. The recorder is a portable ma-
chine. whose two detachable speakers
are used as a cover. The cables sup-
plied allow the speakers to be located
up to eight feet from the recorder. A
compartment in the rear of the recorder
stores the input and output cables,
speaker cables. line cord. and two dy-
namic microphones with detachable
desk stands, all of these are supplied
with the recorder.

The recorder contains two low-pow-
ered playback amplifiers, with bass and
treble tone controls. and separate vol-
ume countrols for the two channels.
These volume controls also serve as re-
cording level adjustments. A slide
switch turns off the speakers while re-
cording or when playing through an ex-
ternal amplifier and speakers. The pro-
gram may be monitored with stereo
headphones through a front-panel jack,
even with the speakers turned ofl., The
two recording level meters are illumi-
nated when their respective channels
are energized.

A four-position selector switch con-
trols the playback mode, with full stereo
operation, or ecither left or right chan-
nel played through both outputs, In its
fourth position. the recorder is set up
for sound-on-sound recording. Either
channel may be copied onto the other,
together with any added program ma-
terial.

The specifications of the recorder
proved to be generally verv conserva-
tive. The over-all record/playback fre-
quency response was rated at 30 to
19.000 Hz at 7% in/s. We measured it
as =5 dB from 45 to 18,000 Hz. At
3% in/s, where the response was rated
at 30 to 12,000 Hz. it was measured as
+4 dB from 60 to 11,800 Hz. At 1%
in’/s the response was rated at 30 to
6000 Hz; it measured =4 dB from 55
to 5200 Hz. Scotch 111 tape was used
for over-all response measurements
which  were essentially identical on
both channels and in both directions of
tape travel. The playback response at
7% in/s using the Ampex 31321-04
test tape, was +5, —1.5 dB from 50 to
15,000 Hz.

The wow and flutter were rated al
less than 0.15% at 7% in/s. 0.30% at
3% in/s. and 0.50% at 1% in/s. The
measured wow was 0.04% at 7% in/s
and 0.085% at 33% in/s. The flutter
was 0.065% al 72 in/s and 0.09% at

(Continued on page 64)
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For Portable or q
REMOTE AC POWER

i

DUAL PURPOSE INVERTER/CHARGER

s

DELIVERS - OUTPUT
THAT’'S FREQUENCY STABLE

Wherever you need dependable AC power for an extended period of
time, this ELECTRO inverter and a 12 volt battery will deliver up to
620VA (120 volts, 5 amps nominal). In any location remote from an
AC power source, you can make your own, when and where you need
it. In the field, at construction sites, mines, wells, camps, farms,
sports events, television, movies, sound truck —there are hundreds
of applications. As a standby emergency power source for hospitals,
commimication lines, illumination, heating controls—the list can go
on and on.

The new TIC-620 inverter includes a built-in 25 amp charger. Thus
the same unit is used to recharge the battery. A three position switch
provides low, medium and high charge rates.

An automatic shut-off protects both inverter and battery from
damage when battery voltage decreases to 10.5 volts.

Positive reverse polarity protection is provided so no damage
will result if positive-negative terminals are reversed.

Voltage regulated 60 Hertz square wave output is frequency stable
to £0.5 Hertz!

A model TI-620, without the built-in charger, is also available at a
reduced cost. Other specifications are identical to the TIC-620.

Send for complete data and specifications.

INVERTERS

ELECTRO PRODUCTS LABORATORIES, INC.
6126 West Howard St., Chicago, lil. 60648 « 312/647-8744
CIRCLE NO. 109 ON READER SERVICE CARD
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TRACKABILITY
is much more than a train of thought

Trackability makes a hearable difference. It's a measure of performance that most cartridges will not
attain. Only a high trackability cartridge will track all the grooves on today’s recordings at record saving
less-than-one-gram force. The Shure V-15 Type II Super-Track is one such cartridge — the very best. The

world over, every independent expert who has tested it agrees to that. Shure Brothers, Inc., 222 Hartrey

Ave., Evanston, lil. 60204,

Only Shure offers a complete spectrum of cartridges to match your equipment, your ear, and your exchequer.
The incomparable V-15 Type Il Super-Track at $67.50; the New M90 series of Easy-Mount Hi-Track cartridges at
$39.95 to $49.95: the M75 Hi-Track series at $24.50 to $39.95; and the Stereo Dynetic series; Model M55E at
$35.50; M44* series from $17.95 to $34.50; M31-32* series at $29.95 and $29.50; and the M3D*—the all-time
best-seller-—at only $15.75. {(*not illustrated) Send for specifications and the complete Raison d'Etre for each.

® 1969 SHURE BROTHERS. INC
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Fig. 1. Groups of well-formed zunspots (arrows) photo-
graphed in February 1956 near the maximum of an 11-year
cycle. Ultraviolet rodia-ion during height of solar cycle
is sufficient to prodic2 highly ionized F, layer capable of
supporting radio sigiale of frequencies up to 50-55 MHz.

[ONOSPHERIG-

PROPAGATION

By H. CHARLES WOOD

The quality of ¢ long-distance commanications
system depends on the ability of the ionosphere
to bend and reflect raaio waves back to earth.

YOME radio waves penctrate the ionosphere and flv out-
wurd to the sturs; others are stopped, bent, and re-
flected to touch the earth miles away from their origin.

Propagation—the movement of electromagnetic  (radio)
waves through the air, or “ether” as it used to be called—is
the means by which wireless communications systems com-
municate. The distance over which these waves travel is a
function of frequency; angle of radiation; and atmospheric
noise such as sumspols, aurora borealis, and other solar
activity.

This article discusses the various phenomena which must

be considered when predicting propagation distances.

rround Wave and Sky Wave
G W | Sky W

Enginecrs agree that radio waves are electromugnetic
waves consisting of traveling electrostatic and eleclromag-
netic ficlds of energy whose lines of force are at right angles
lo each other i a pline perpendicular to its path. Except
for frequency, the electromagnetic field has the same char-
acteristics as light waves—both have a speed of 300-mil-
lion meters per second, and both are capable of being re-
fracted or reflected. Two types of electromagnetic waves are
emitted by o transmitting artenna, one travels along the
ground and is called the ground wave. The other, referred to
as the sky wave, travels through the atmosphere and has
little contact with the earth alang most of its path.

At Jow frequencies (below 300 kliz), the ground wave is
the most important, frequently traveling a thousand miles
or more. In the broudcuast band, ground waves are received
200 miles or more awav over land and perhaps twice that
distance over sea water. At higher frequencies, however,
the range drops off rapidly. Above 4 MIz, the ground wave
is only useful for very short distance communications.

The sky wave leaves the {ransmitting antenna at various
angles of elevation to the earth’s surface, ranging from 1 or
2 degrees to 90 degrees, and would travel out into empty
space were it nol that, mnder certain conditions, it can be
reflected or refracted high in the atmosphere to return to the

“—CIRCLE NO. 75 ON READER S5ERVICE CARD

carth at distances varving from zero to about 2500 miles
(4000 kilometers) from the transiitter. By a series of alter-
nute reflections by the upper atmosphere and the earth’s
surface, electromagnetic waves can be transmitted or propa-
cgated arounmd the world.

Tonosphere

The medinm which causes the hending or reflection of the
shv wave is called the “ionosphere”, a region in the upper at-
mosphere where free ions and electrons exist in sufflicient
quantity to cause a change in the reflection index. Ultra-
violet radiation by the sun is considered to be responsible
for producing most of the ions. In the ionosphere, ioni-
zation does not change at a unilorm rate, that is, proportion-
ate to height, rather the ions form m lavers with each laver
consisting of a highly concentrated central region, tapering
olf in intensity above and below this area. Three major layv-

ers of ionization exist in the upper reaches of the atimo-

sphere: the “D” region, “E” region, and “I'” region, with the
I laver being further subdivided into ¥, and I..

The D-region, lowest of the ioncespheric layers, ranges in
height from 30 to 50 miles above the earth. At this altitude
the atmosphere is still relatively dense and atoms broken
into ions by solar radiation quickly recombine. Here the
amount of ionization is direetly dependent upon the amount
of sunlight. Therefore, il is maximum al noon and almost
zero at dusk. In the D-laver, most electromagnetic wave
energy (sky waves under 5 MHz) is expended in the form
of heat. Thus, the D-laver acts as an absorber with little
cifect on bending radio waves buack to carth.

The E-laver, the second significant ionized laver in the
atmosphiere, has a mean height of about 65 miles and be-
cause it, too, is iu an area of comparatively high atmo-
spheric density, iouization varies with the elevation of the
sun, mueh the same as the D-laver, although not to as great
an extent. And, also for reasons mentioned previously, a
radio wave helow 5-7 MHz passing through the E-laver loses
a large portion of its power in the form of heat.

27

www americanradiohistorv com


www.americanradiohistory.com

T-R
SWITCH
TRANSMITTER RECEIVER
T — T
TRIGGER | 1
PULSE VARIABLE
OSCILLATOR
PULSE IMHz TO 25MH2
GENERATOR
MARKER
TR!GGER‘ PULSE MARKER
PULSE osc.
MOVIE JONOSONDE CONSOLE
ECHO
CAMERA SIGNAL
O - =
MONITOR PAPER
SCOPE RECORDER

Fig. 2. Block diagram of a typical ionosonde. This radar-type
device explores the ionosphere and records the MUF for a spe-
cific time of day. There are 150 observatories around the world.

The F-layer, the third and most important ionized area for
long-distance short-wave communications purposes, is ap-
proximately 150 to 250 miles above the earth. At this alti-
tude, the atmosphere is so thin that electrons and ions are
slow in recombining. ITonization reaches a maximum shortly
after noon and decreases very slowly to a minimum shortly
before dawn. At sunrise, intensity increases rapidly to a
maximum within an hour or two. During daylight hours, the
F-layer sometimes splits into two distinct areas, called the
Fi-and Fa-layers. The F;-layer is ot little importance to radio
communications except that it acts as an absorber much like
the D- and E-layers and disappears shortly after sunset. The
Fy region of the ionosphere is normally the most important
parameter in estimating the performance of a high-frequen-
¢y transmission but, unfortunately, it is also the most unpre-
dictable of the three ionospheric lavers.

The Critical Angle

The amount by which a radio wave is bent in the I, region
is dependent upon two factors: the density of the ionized
layer, and the frequency of the wavelength. The greater the
ionization, the more it bends at a specific frequency; or for
a specific degree of ionization intensity, the refraction will
be greater as the frequency is lowered. It thus becomes ap-
parent that if the ionization is intense enough and the fre-
quency is low enough, a radio wave entering the F.-layer
at a 90-degree angle will be reflected back to earth; con-
versely, if the frequency is raised or the amount of ioniza-
tion is decrcased, a point will be reached where the refrac-
tion will not be sufficient to return the radio wave. Fig. 3
shows a specific radio wave whose frequency is of such a
value as to penetrate the ionosphere at a 90-degree angle
but is reflected back to earth when the angle is decreased.
The angle at which the radio wave begins to hend back to-
ward earth is called the critical angle. Fig. 3 also shows
low-angled waves being bent back to earth in a single-hop
propagation. As mentioned earlier, multi-hop transmissions
are accomplished by alternate reflections of the electromag-
netic wave between the earth and the F.-layer.

Because long-distance high-frequency radio communica-
tions depends upon the ability of the ionosplere to return
the radio signals back to earth, it is apparent that predic-
tions of ionization intensities in the various regions of the F.
and other layers are essentinl to the calculation of skv-wave

28

circuit (the communications path over which intelligence is
transmitted) performance. Predictions of the F» characteris-
tics are computed about three months in advance by the
Environmental Science Service Administration and pub-
lished in a booklet called “Ionosphere Propagation Predic-
tions.” These predictions, as well as the accompanying iso-
grams which show the maximum usable transmitter fre-
quency for a specific hour of a specific month, are essential
tools for the communications enginecr. A discussion of the
methodology used by ESSA in the compilation of the charts
appears later in this article. The mechanics involved in
using the charts are bevond the scope of this article; how-
ever, they are described in ESSA Handbook #90.

The Optimum Frequency

The complexity of the propagation phenomeuon, the di-
versity of radio programming services, and the fluctuations
in traffic density within the high-frequency bands preclude
any clear and simple criteria for the selection of optimum
frequencies. And because these are elusive factors, a high-
frequency communications engineer’s job is not an easy one.
Since the density of the Fa-layer and its height above the
surface of the earth vary with the time of day and the sea-
son of the year, and because of the 11l-year sunspot cycle
(a factor we shall discuss later), it is common practice for
communications engineers to select a new set of operating
frequencies and time schedules every three momths.

In general (within the high-frequency spectrum), radio
noise tends to decrease as frequency increases; also, propa-
gation losses become less severe as frequency increases.
Therefore, the higher the operating frequency the better
the signal-to-noise ratio. However, the frequency can be in-
creased to a point where the critical frequency is exceeded,
ov where the ionosphere reflection becomes improbable.
This point is called the Maximum Usable Frequency
(MUF). Through the use of the prediction charts and a
working knowledge of the geographic variation in the elec-
tron density of the F.-layer, it is possible to predict this
upper limit. It would therefore seem to the engineer’s ad-
vantage to simply operate very close to the MUF. Unfor-
tunately, the high-frequency circuit calculation is not that
simple. Because the F.-layer density changes constantly, it
would be necessarv to continuously change the operating
frequency throughout a 24-hour day—a laborious task to
say the least.

If enough is known about the ionosphere to determine the
critical angle, etc., at specific frequencies 90 percent of the
time, these frequencies are considered adequate as estimates
of upper limits for system planning. Selected operating fre-
quencices are approximately 10 percent below the MUF.
This minimizes circuit interruptions from irregularities in
ionospheric conditions and reduces to a minimum the num-
ber of frequency changes required to maintain acceptable
continuity throughout the transmission period. This operat-
ing frequency is called the Optimum Traffic Freq. (OTF).

Because energy absorption in the ionosphere’s D- and E-
layers increases as frequency decreases (assuming that the
transmitter’s output power remains constant), the power
available at the receiver’s input decreases. The atmospheric
noise level also increases with a decrease in frequency.
These phenomena combine to lower the signal-to-noise
ratio and reduce circuit reliability.

When the required signal-to-noise ratio (the minimum
acceptable level for communications) equals the available
signal-to-noise ratio, the circuit may be expected to have
acceptable quality on half the days within the month. In
other words, the probability of satisfactory performance on
any given day will be 0.5. The probability of satisfactory
signal-to-noise ratio at any given hour is defined as circuit
reliability. As the available signal-to-noise ratio exceeds the
required signal-to-noise ratio, circuit reliability increases.

Since the available signal-to-noise ratio decreases as the
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MULTI-HOP p
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Fig. 3. Typical daytime ionosphere layer diagram showing high-angle radiation penetrating the Fa-layer, but reflected
back toward earth as the wave-angle is reduced. All multi-hop transmissions are at wave-angles below the critical angle.

transmitter frequency is decreased, it becomes apparent
that a point can be reached where a further rednction in
frequency will result in unacceptable circuit reliability. This
point is defined as Lowest Useful Frequency (LUF). The
LUF depends on transmitter power, the factors that de-
termine the path-loss (frequency, season, geographic loca-
tion), and noise level. Of course, one of the principal fac-
tors is D- and E-level absorption and, since their intensity is
maximum at noon, LUF is highest at noon. When calculat-
ing an operating frequency, the engineer must select one
that is above the LUF but not greater than the OTF.

Selection of Frequency Complement

Absolute continuity of any high-frequency radio service
is impossible to achieve even if an unlimited choice of op-
erating frequencies is available. For a 24-hour day, frequen-
¢y complements are based on the concept of Maximum Fea-
sible Continuity or that a theoretical increase in circuit con-
tinuily will be negligible if additional frequencies are used,
but a significant decrease in continuity is possible if fewer
frequencies are used. The required frequency complement
depends upon the type of circuit used. Commumnications
engineers classify all circuits in two groups: circuits requir-
ing Maxiimnn Feasible Continuity and circuits requiring
Moderate Continuity.

Circuits requiring maximum continuity are heavily loaded
telegraph and telephone circuits whicli maintain high traf-
fic at all times. Telegraph circuits in this category are usually
operated by high-speed machines which transmit 100 or
more words per minute, while telephone circuits generally
employ several multiplex channels of a single-sideband sys-
tem with multi-line terminations at each end. Such circuits
usually have large directional anteunas and employ diversity
reception and high-power transmitters. The standard fre-
(quency complement for these circuits assures at least one
frequency between OTF and LUF at all times plus two
additional frequencies to permit flexible operation in the
event of atmospheric disturbance.

When choosing frequencies for this service, the communi-
cations engineer selects one high frequency, one low fre-
quency, and one middle frequency. The high frequency is
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strictly a daytime frequency (computed to be well below
the OTF for at least four hours every day during the period
the circuit is operated).

The low frequency of the three-frequency complement is
exclusively a night channel, and is chosen as the highest fre-
quency for which less than two hours of skip is indicated on
the lowest of the OTF curves for the required operating pe-
riod.

The middle frequency selection is made to maximize the
number of hours during which at least one frequency is he-
tween LUF and OFT for the required circuit operation.

Circuits requiring only moderate continuity are usually
those that provide communications where the needs are suf-
ficiently critical to warrant extension of telephone, cable, or
v hf. facilities. Many such circuits are used to provide oc-
casional service to remote areas or are operated in situations
where occasional delays or traffic slow-downs can be toler-
ated. The standard frequency complement for these circuits
is usually one day frequency and one night frequency.

Therefore, the logical selection for the daytime frequency
must be oue that will be above the mid-day LUF but far
enough below the OTF to give skip-free service to the in-
tended areas. The night-time frequency is chosen as the
highest frequency for which less than four hours of skip
is indicated on the lowest OTF curve for the operation
period.

Solar Activity

As mentioned earlier, solar bombardment of the eartl’s
upper atmospliere by ultraviolet rays is the major influence
in the production of ionized layers. Because the earth is con-
stantly bathed by these rays, the F, layer is always present;
however ils density and height above the earth changes
constantly.

Although a completely satisfactory measure of solar ac-
tivity is not available, the average number of sunspots over
a 12-month period (as observed at Zurich, Switzerland) has
formed the basis for inuch of the radio propagation analysis,
and is presently being used as an index of the solar activity.
Other celestial occurrences are under study at this time in
an effort to improve predictions. (Continued on page 67)
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Sl DEVELOPMENTS
IN ELECTRONICS

Desk-top Display System for Brokers. (Top left) Although
it looks like a portable TV set, the unit on the stockbroker's
desk is the display for an information-retrieval system. Now
operating at the First Hanover Corp. in New York, the system
is one out of a total of 275 such systems that have been in-
stalled in 32 financial and brokerage offices throughout the
country recently. The system, called Videomaster, is produced
by Ultronic Systems, subsidiary of Sylvania. The 12-in video
screen displays seventeen specific details on any one of more
than 8000 securities and simultaneously monitors any 18 se-
lected securities and reports on their performance. Also, it
alerts its operator to special stock situations and displays
market summaries, financial news service, and economic back-
ground data from computer sources. The keyboard is detach-
able, allowing flexibility in desk and office arrangements. In
addition, the keyboard can function with television-type moni-
tors of any size as well as the unit's own small display screen.

Electronic Telephone Switching System. (Center) This room-
ful of equipment is able to interconnect more than a million
phone calls within a period of 24 hours. Located in downtown
Trenton, New Jersey, these telephone ‘“‘load boxes’ automati-
cally dial telephone numbers, hold the connection for the start
of ringing, and then disconnect so that another number can be
called. The system, recently installed by Western Electric for
New Jersey Bell Telephone Co., will, by the end of this year,
handle calls of seven central offices that now use older switch-
ing equipment. The installer who is shown at the center of
the photograph is reading a load report on a teletypewriter.

Electronic Color Scanner. (Left) The technician is comparing
an original 35-mm color transparency with a 101, by 173/4-
in enlargement produced by a new color scanner. The new unit,
part of which is shown in the enlargement itself, can produce
and enlarge four color-corrected, continuous-tone color sepa-
rations for making printing plates in less than an hour. This
should shorten deadlines presently set by newspapers and mag-
azines for color printing. The scanner, made by RCA, uses a
beam of light to scan the photo transparency at up to 10,000
lines per inch, depending on the enlargement ratio. The high
resolution of the scanning beam permits the smallest details
to be retained. The light beam is converted into electronic sig-
nals which are automatically analyzed, color corrected, and
recorded on film. The film is then developed to make four
continuous-tone positive or negative color separations, from
which the printing plates are made. Portions of transparencies
can be enlarged as many as 20 times. In addition, same-size
transparent or opaque copy can also be scanned by the unit.
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Ultraminiature Coax Cable. (Top left) Small enough to be
threaded through the eye of a needle, this fully shielded flexi-
ble coax is only 10 mils in diameter (about triple the thick-
ness of a human hair). The inner conductor is gold-plated No.
42 high-strength copper wire, while the outer conductor is a
continuous sheath of copper that is electrodeposited on a
Teflon dielectric. The new cable, which has been developed by
Plaxial Cable Dept., United-Carr, has a 50-ohm impedance.
It is expected to be useful in high-density computer circuits,
with hybrids and other IC’s, and in biomedical applications.

Apollo Tracking Ship. (Top right) With all the current activity
in our lunar-landing space program, our five tracking ships,
such as this USNS Redstone, are sure to be kept busy in com-
ing months. Each ship contains nearly 445 tons of electronic
equipment used for satellite tracking and as communications
links. The ships, deployed on the oceans around the worid, fill
the voids in tracking coverage between the land-based sites.
ITT's Federal Electric Corp. provides the technical teams for
operation and maintenance of all the electronic equipment.

Computerized Radar for Air Defense. (Center) The Air
Force technician is seated before one of eleven display consoles
in the dimly lit operations room at Fort Fisher Air Force Sta-
tion, near Wilmington, North Carolina. The installation is the
first of fifteen that will cover the U.S. with a back-up system
for our SAGE (Semi-Automatic Ground Environment) defense
radar system. The back-up system, called BUIC Il (Back-Up
Intercept Control) ties together information on all in-flight air-
craft from both land-based and airborne radars. A high-speed
computer combines the radar signals with weapons status,
weather, flight plans, aircraft identification, speed, altitude, and
course, and dispiays all this information to a surveillance of-
ficer or weapons director. The back-up system takes over in
the event of a SAGE failure. Fort Fisher covers the Atlantic
Coast area, from Atlantic City, N.J. to Savannah, Georgia.

High-Temperature Rectifiers. (Below right) Silicon carbide
rectifiers have been developed that operate at temperatures up
to 1000°F and will survive at almost twice that. In contrast, the
usual silicon diode stops rectifying at 450°F. Silicon carbide
units have been made by Westinghouse Astronuclear Laboratory
that will handle up to 10 amperes with reverse voltages of up to
300 volts. The new laboratory rectifiers are inert in most
atmospheres and they are also highly radiation resistant.
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Neons in

Photoconducti

Choppers

By G. S. TALBOT/ Leeds & Northrup Company

Side-looking A083 lamps have 180° of their circum-
ference coated with a highly reflective white coating.

Photoconductive choppers, which are being widely used for electro-optical
switching, favor neons because of their sharp breakdown characteristics.

HOTOCONDUCTIVE choppers are gaining popular-
ity in electronic circuitry for electro-optical switching
because they have extremely low noise levels and can
be electrically isolated from other parts of the circuit. While
either incandescent or neon Jamps can be used in the design
of choppers, the inherent hreakdown characteristics of the
neon, which provide for a sharp threshold of light when ig-
nited, make the ncon a good choice for switching appli-
cations.
In addition, since the photoconductive chopper is sup-
plied in an encapsulated package, it is essential that the

Fig. 1. Providing alternating illumination in photochopper.
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lamp have a long life. Neons, characteristically, operate for
25,000 to 30,000 hours. Obviously, when the lamp is not on,
it is not consuming any of its lifetime, and thus the service
life of the chopper will be many times the 4 to 5 vears
of its operating life.

For vears, choppers of various types have heen the stan-
dard method of converting low-level d.c. to a form of a.c.
for more convenient amplification and utilization. Until re-
centlv, most of these have been electromechanical relays or
vibrators driven by line frequency. To overcome some of
the limitations inherent in the electromechanical design,
various new approaches have been tried, among which are
magnetic modulators, diodes, transistors, and most recently,
FET's and MOST’s. Analysis of these various types re-
veals that while each has certain advantages, each is also
subject to certain limitations.

The electromechanical chopper is a true “on-off” switch
with eflectively infinite resistance when open and zero resis-
tance when closed. However, as a mechanical device it is
subject to contact hounce and contact contamination. Con-
tact and spring materials must be selected to avoid spuri-
ons thermoelectric and/or contact potentials. Other factors
which must be considered when using electromechanical
choppers are phase lag caused by carrier coil inductance,
sensitivity of the contact configuration to the carrier coil
magnetic field on very low-level signals, and capacitive
coupling belween the signal circuit and the carrier cireuit
when high common-mode voltage rejection capability is
required.

Diodes and diode bridges have been used in modulators
for a generation or more (carrier telephony). More re-
cently, transistors and their successors in the more exotic
solid-state realm have been applied to this function. How-
ever, solid-state modulators generally do not offer the high
isolation afforded by electromechanical choppers; nor do they
provide the zero and infinite resistance limits.

An ideal modnlator would generate no signal of its own
and its w.c. output would be zero with no input signal.
Signal output in the absence of an input signal is called
“offset.” In component descriptions, offset is usually defined
as the signal required to bring the modulator output to
zero. Ofset is an error signal. However, if it is constant,
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it can be compensated for in the equipment and its cffects
clininated.

Solid-state modulators, which include non-linear junctions,
are generally prone to offset. Moreover, the magnitude of
this oflset is a function of the junction temperatnres.Un-
corapensational offset puts a lower limit on the level of sig-
nals which may be detected and measured. The offset gen-
crally associated with solidsstate modulators is in the range
of a few to tens of microvolts. (Muany industrial low-level
d.c. applications requiring modulation are in temperature
measurements by thermocouples, and a 10-microvolt offset
correspondds to 1° C for a platinum-to-platinum rhodium
thermocouple. This is an acceptable error in many industrial
control processes. )

The intermittently illuminated photoconductor is the ba-
sis for the electro-optical photochopper. These choppers
offer good electrical isolation between the signal und car-
rier circuits since the only coupling is optical. Electrostatic
shielding between the pulsed neon light source and the pho-
toconductor prevents capacitive coupling hetween  the
lamp and the photoconductive element in the signal cireuit.

The alternating illumination required for the s.p.d.t. pho-
tochopper may be obtained in a number of ways. When
power-line frequency is the carrier, the simplest method uti-
lizes two neon lamps, Type AO-83, (Signalite, Inc., Neptune,
N.J.) operated on alternate half cvceles (see Fig. 1). Other
carrier frequencies may be generated by separate oscilla-
tors or by using a two-neon-lamp relaxation oscillator where-
in the neon lamps act as both oscillator and illuminating
lamps. See Fig. 2. If two additional cells are photoconpled
to these neon lamps and used as a demodulator (synchron-
ous rectifier), the carrier frequency may be selected (within
the frequency capabilities of the neon lamps, the photo-
cells, and the amplifier) to provide greatest innmunity to
power-line and other extraneous pickup sources.

When using photoconductive choppers in electronic cir-
cuitry, it is essential that the performance of each unit be
uniform with every other. Selection of hoth the photocell
and the neon lamp is critical in this respect. In onr appli-
cations we require neon lamps, for example, which have
highly uniform and constant maintaining voltages, and which
exhibit no tendency to flicker when operated by a current
low enough to insure the 23,000-hour minimum life.

The s.p.s.t. and s.p.d.t. photochoppers discussed here
are designed to operate with good efficiency into a wide
range of circuit impedances in various circuit configura-
tions, including full-wave transformer inputs. The s.ps.t.
unit is a tubular design consisting of a neon lamp and a
cadmium-selenide photocell. They are encapsulated so that
the photocell is activated by light emitted from the end of
the neon lamp. The s.p.d.t. unit is a {lat-package plig-in
design consisting of neon lamps, an internal Lunp circuit,
and cadmium-sulpho-selenide photocells.

The Signalite neon lamps for this unit have 180° of their
circumference sprayed white to increase their eflective
brightness (see photo on opposite page). Both models are
designed for 60-Hz operation.

An application for the s.p.d.t. unit is shown in Fig. 3.
This chopper-stabilized amplifier reduces the drift of the
main a.c.-d.c. amplifier to a very low level. The a.c. signals
are coupled through Cl to the muin amplifier. The d.c.
signals are amplified by the chopper amplifier and fed di-
rectly to the main amplifier. The gain of the chopper
amplifier corrects the inherent drift to the main amplifier.

In Fig. 4, the s.p.d.t. chopper replaces a conventional
electromechanical chopper in a typical low-level, d.c. servo
amplifier circuit. The 60-Hz switching circuit for the neon
lamps is an integral part of the chopper package.

The drive circuit (U.S. Pat. 3,283,157, D.E. Bluckmer)
ts 120-V, 50-60 Hz. The initial resistor and the two capaci-
tors serve to adjust the phase of the chopped d.c. in the
signal circuit to mateh the phase of the a.c. line. The
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Fig. 3. A s.p.s.t. photoconductive chopper used in a
high-gain chopper-stabilized operational amplifier.

two resistors in series with the neon lamps, control the lamp
current to provide extended life. These resistors are so
chosen that flickering of the lamps will not take place.

Only one lamp fires at a time. The second lamp is shorted
out by its parallel rectifier which charges its associated
capacitor dnring the half cycle that it is forward-biased.

When the line polurity reverses at the beginning of each
of the succceding half cycles, each rectifier reverses its
bias condition.

The rectifier in parallel with the second lamp now be-
comes reverse-binsed and its associated capacitor discharges
in series with the line through the second neon lamp. In
the meantime, the original lamp is turned off because its
paralleled rectificr is forward-bhiased and charges it asso-
ciated capacitor.

This cireuit serves to turn on each photoconductive cell
alternately for almost 100% of each half cycle. Furthermore,
it provides maximum lamp brightness at the beginning of
the cvele to reduce the turn-on time of the photoconductive
cell to a minimum.

As cach photoconductive cell alternately reduces its re-
sistance, a current flows alternately in opposite halves of
the primary of the input transformer, in synchronism with
the line-voltage phase. The phase of this alternating current
diflers by 180 degrees when the direction of current between
the mput and the feedback is reversed. Likewise, the a.c.
current which flows in the upset transformer’s secondary
winding reverses phase when the primary current is re-
versed.

The signal civcuit is isolated from the drive circuit by a
transparent gold coating on the inside of the photocell glass
(U.S. Pat. 3,283,237, Williams and Polster).

There are many applications for photochoppers including
series modulation, scries-shunt circuitry for low-frequency
applications, modulation and demodulation, in regulated
power supplies, sequential switching, and so on. The long
life, low noise, and small size of these photochoppers, as
well as their greater stability against mechanical shock and
vibration, make them an ideal component in many and
varied applications. A

Fig. 4. A s.p.d.t. photochopper in low-level d.c. servo amp.
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HALL

By L. D. HARMON and D. J. MacLEAN

Stereo, like any other reproduction process, has its

limitations. By knowing what they

N L S ' "—NMM

Stereo Versus the

- CONCERT

Avuthor Harmon's elabo-
rate home stereo system.

are, listeners

can often improve their living-room “concert halls.”

OUND recording and reproduction have improved

enormously over the past ten vears; manv of todayv’s

home music systems are considerably better than most
professional installations of the mid-fifties. Indeed, some of
the best domestic music “shrinies” have fantastic impact.
The stereophonic sound they produce speaks with authority,
distortion is vanishingly low, individual instruments are
crisply localized in space, dynamic range is large, and noise
is practically nonexistent.

Yet, as splendid as such installations are, they fall far
short of replacing the “live” listening experience. Coming
home immediately after a real concert and turning on one’s
favorite home music system may lead to acute disappoint-
ment. Why?

In what follows, we shall point out some of the deficien-
cies in stereo sound reproduction and discuss how to hold
such deficiencies to a minimum. Our intent is not {o provide
a detailed panacea for relieving hi-fi ills, but rather to
point out interesting und useful-to-know aspects of stereo
reproduction that are not otten discussed.

Distortion—Amplitude, Phase, Frequency

Why can considerable distinctions be perceived between
the best sound-reproducing systems and the live perfor-
mance? There are half a dozen or more contributing fac-
tors. For one, there are several kinds of distortions, such
as amplitude, phase, and frequency, which are introduced
in both the recording and reproducing process.

Amplitude distortion includes the old, familiar harmonic
and intermodulation kinds—where spurious tones (not pres-
ent in the original signal) are generated. Although these
distortions in amplifiers are now “vanishingly small,” they
still are not zero. And when all the harmonic and inter-
modulation distortion products from the recording micro-
phone to the loudspeaker are added up—including disc-
recording apparatus, recording material, and phonograph
cartridge—the total can easilv reach 4 to 5 percent, and the
ear knows the dilference.

34

Somewhat more subtle is phase distortion where the rela-
tive times of the manyv complex frequency components are
not accurately preserved. The causes of phase distortion vary
from phase shift in amplifiers to delays owing to different
transimission path lengths in multiple-speaker arrays. It is
commonly believed that the ear is relatively insensitive to
phase distortion, but psychophuysical experiments conducted
several vears ago by M. R. Schroeder at Bell Laboratories
clearlv showed that phase differences can be detected.
Suvelv then, part of the departure fromn ideal realism in
sound reproduction resides here.

Frequency distortion simply means non-uniform response
over the entire spectrumm that the ear perceives. That is,
some tones are reproduced at higher or lower levels than
others. Although amplifiers are relatively good in this re-
spect, the terminal transducers are not ideal. Some phono-
graph cartridges and most loudspeakers, for example, are
considered excellent if their response lies between plus and
minus 3 dB. But this means a power range of 2:1, or 100
percent.

Loudness, Noise, and Room Coloration

There are still other factors that distort reality. One is
that of over-ull level or loudness. We know from “live”
experience how loud a symphonyv orchestra or a chorus
should be. If this level is not reached in the reproduced
listening environment (and it rarely is), then it is not easy
to convince the ear that the orchestra or chorus actually
is in the living room.

Level compression provides yet another difficulty. Owing
to the dvnamic limitations of both the recording and
reprodiiction equipment, most signals are compressed. Not
only orchestras but single instruments suffer. For instance,
part of the “bite” of a trumpet stems from briet but large
transient waveforms. When this sharp spike is squashed
by a recording limiter, the piercing quality suflers, as does
the illusion of reality.

Noise, of course, also helps destroy realism. The distrac-
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tion of record tics and pops and tape hiss makes it hard
to believe the original source is present.

Then there is the matter of acoustic environment or “room
coloration.” Every room has its own influence on sound
produced or reproduced within it—due to selective frequen-
¢y absorption, reflection, and reverberation. These proper-
ties profoundly influence the sounds that reach the ear,
and even an untrained listener easily hears the differences
among the acoustics of concert halls, cathedrals, living
rooms, and bathrooms. Now when sounds produced in a
huge concert hall (and recorded with those acoustics) are
reproduced in a 15 x 20 foot room, the ear knows some-
thing is not quite cricket.

Additionally, the acoustical properties of the listening
environment are superimposed on the recorded room acous-
tics. The result is a melange which once again is quite
noticeably (perhaps subconsciously) a put-on.

An even more subtle form of distortion arises from the
vagaries of recording techniques, notably microphone place-
ment, In the concert hall experience, the listener’s two
ears, spaced about 6 inches apart, sample the total sound
field at one particular location. The ideal re-creation of that
sound field is the goal of honest stereophony. (We exclude
here “ping-pong” stereo, inside-the-piano microphony. “re-
processed” mono and other ersatz procedures. )

Microphone placement techniques range from the use of
two vertically stacked units pointing in different directions,
to twenty or more mikes scattered throughout an ensemble,
picking up individual instruments. There are advantages
and disadvantages to each, but none vet approaches the
ideal re-creation of signals that effectively places the listen-
er’s head back in the concert hall, acoustically speaking.

Some Partial Remedies

Fortunately there are many partial remedies to each of
these problems; and, in fact, some stereophonic systems
sound fabulously good (at least if they are not directly com-
pared with a live performance). Perhaps the poor absolute
auditory memory most of us have is responsible for a lot of
our satisfaction. The psychologists call this adaptation. After
a short time, our nervous systems adapt to a particular
kind of input and accept it as the norm. Another way of
saying this is that one quickly gets used to the kinds of
sounds that come out of loudspeakers. Only with relatively
rapid A-B comparisons are differences between two kinds of
sound well perceived.

It is axiomatic that the weakest element in almost every
sound reproduction system is the loudspeaker. There are
few if any cheap, royal roads to glorv—and loudspeakers are
no exception. Really good sonnd quality is dificult to
achieve, and the consequent design and manufacture simply
cannot be inexpensive.

Few listeners will tolerate headphones for extended lis-
tening or prefer them to speakers. However, an intriguing
fact is that many modern and relatively inexpensive head-
phones are superior in response to a large number of
loudspeakers. Typical response curves illustrating this point
are shown in Fig. 1. Since headphones are by their very
nature small, their lightweight moving elements permit
good high-frequency response. And for low frequencies,
snugly fitting phones act as pistons to compress air in the

Fig. 1. Typical response curves of speakers and headphones.
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Fig. 2. Adding a third channel for the ‘‘hole in the middle.”

car cavity; thev do not have the difficnlt job of radiating
sound into large volumes as do loudspeakers.

But with headphones, the auditory space and all the
sound images move around with the listener’s head—a most
unrealistic experience. Further. sounds are perceived as be-
ing close to or even inside one’s head.

An interesting question arises regarding the number of
stereophonic channels required for adequate reproduction.
Various tests by many researchers in the past tend to agree
that at least three channels are needed. However, since
the industry has compromised on two chanunels, the sug-
gestion is often made that a third or fill-in channel be
added, not having an independent chanuel signal but using
parts of the existing left und right signals (as shown in Fig.
2). This is claimmed to fill in the “hole-in-the-middle” and to
provide solid image placement (a tuba right there just to the
left of the bassoon ).

Surprisingly, a properly balanced 2-channel speaker sys-
tem does not exhibit a hole in the middle, and image
placement can be excellent. But this requires two sets of
speakers to be essentially identical. If the acoustic output
of one side departs from that of the other by more than
2 dB at any one frequency, then the perceived image of
an iustrument will shift from side to side whenever its
spectral output lies principally in the region of the im-
halance,

Sound Localization

One important aspect of stercophonic perception is the
listener’s ability to localize sound sources. Obviously, if one
speaker is switched off during a stereo presentation the
intended spatial elfect is lost. The sounds coming from the
remaining speaker are identified as emanating from its
general location bt the sonic spread is missing.

Suppose that a listener is sitting equidistant from two
londspeakers. The program material is not stereo but mono
presentation, The gains are adjnsted for equal outputs from
the loudspeakers. Where does the sound apparently come
from? The mujority of people will say “at a point (area)
directly in front of me,” that is, between the two loud-
speakers. Each ear is picking up the same auditory signal
at identical intensities. Ifrom past behavioral experiences
the listener is deceived into believing a new source is
present half way between the two actual sources.

If the intensity from one or the other loudspeaker varies,
the image (source) apparently moves toward the louder
speaker (see Fig. 3). This illusory effect continues if the
intensity increases until the image is centered at that one
loudspeaker. In this case, the stronger source takes prece-
dence.

However, there are additional factors to consider, Sup-
pose a time delay were introduced into one channel while
the levels were again adjusted for equal loudness from
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Fig. 3. Auditory image shifts toward the louder speaker.

each londspeaker. If the delay were sufficient. that is. sev-
eral milliseconds. the image would again shift—this time
toward the undelayed speaker. System delavs of this magni-
tude are uncommon; however, if the listener shifts his
position toward one or the other loudspeaker, a similar effect
takes place (roughly one millisecond per foot). The sound
from the more distant speaker takes longer to reach the
observer; therefore. a time delay takes place. As a result,
the sonic image shifts toward the closer (less-delaved)
speaker.

For unadulterated stereo in a tvpical listening situation,
the listener must preserve his head position to within a few
inches to make these shifts negligible, Tt is not to be in-
ferred by this that all is Jost if the listener does not have
his head clamped in an exact equidistant position. We are
all aware that the general enhancement oflered by stereo
is quite acceptable over distances tar in excess ol a few
inches. Again, our tolerance for less than perfect eflects is
relatively enormous.

Phasing of Loudspeakers

One of the most troublesome problems in assembling a
stereo system from components is the proper phasing of
the loudspeakers. Sophisticated methods employing oscillo-
scopes are not alwayvs available to the audiophile. A very
old. inexpensive method involves using a flashlight battery
and observing the direction of cone motion with respect o
the applied polarization. This technique presumes that the
speaker cones may be observed and that the rest of the
system is properly phased.

A very simple method that the authors have used is to
move the speakers as close as possible to the ears (much
like earphones) and simply listen. If all components includ-
ing the loudspeakers are in phase, the sound will appear to
be in front of the observer; if out of phase, the sound
seems to originate inside the head. (Also, the in-phase speak-
ers will produce a fuller, bassier sound compared to out-of-
phase speakers, which will sound lower in level and “thin-
ner.”—Editor). Moving the speakers close-in is essential
only where the room is fairly reverberant. In a “dry” or
“dead” room, the effect mayv be realized simply by standing
midway between the sound sources. This test is best ac-
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complished using a monophonic record or tape as the source
material: however, stereo material with an abundance of
correlated left and right material may be used,

An interesting experiment was conducted in the Bell
Laboratories free-space room to demonstrate dramatically
the in- and out-of-phase phenomena. R. L. Hanson used a
conventional stereo system for the source but with the loud
speakers purposely 180 degrees out of phase with each
other. An observer standing anywhere on the line midway
between the speakers experienced the startling sensation
that the entire orchestra was stulled inside his skull. To
enhance the already unnerving experience, one of the
speakers was hung pendulum-fashion so that it could move
forwurd or backward from its normal resting position. When
this wus done, the sound would drift laterally through the
head and on out one of the ears, depending on the relative
position of the moving speaker.

This is an auditory deception similar to some of the
dynamic optical illusions. It dramatically drives home the
eflects of the localization parameters of delay and intensity
that play such an important role in stereo perception. In
using a free-space room, which is essentially devoid of re-
flections (echoes), the sensation was magnified beyond the
point that would normally be encountered in the average
living room.

The Listening Room

While on the subject of speakers and acoustics, let’s look
at a rather interesting point regarding listening rooms. Since
the acoustical properties of a typical living room are gen-
erally far from ideal, the question arises as to whether
the amplifier-speaker system should be compensated ac-
cordingly. For instance, if a room has considerable acoustical
absorptive material, the high frequencies may not be re-
ceived as well as the lows in different parts of the room.
It might seem reasonable to hoost the treble respouse of the
system so as to balance out the room characteristic and so
end up with “fat” response.,

In our experience this is a very unsatisfactory procedure.
The ear “knows” the room; speaking voices, footsteps, clink-
ing glasses all cue us as to the actual acoustical environ-
ment. Consequently, if we anticipate hearing a piano, for
example, at the far end of this room, we somehow expect
to hear the unbalanced spectrum; this constitutes the real,
live acoustic experience. If we receive a compensated, “Hat”
transmitted auditory image, it sounds unnatural in that
room. Furthermore. the acoustical gharacteristics of the
room will vary from one place to another, and so no one
compensation is possible.

We believe that generally the most satisfactory procedure
is to get the reproducing system as flat as possible. This
means, ideally, that it will produce a piano sound as though
the piano were at that place. Then if the acoustical prop-
erties of the room are less than ideal, the room itself should
be modified. i

The chain of events from a sound source to the ears of a
perceiver is long and complex. An interesting but simpli-
fied description of these events is as follows: A vibrating
membrane (for example a reed, sounding board, or drum-
skin) sets air molecules in motion; this in turn causes a
new membrane (microphone) to vibrate, which sets elec-
trons in motion. Eventually, through one or another of the
complicated reproducing processes, a loudspeaker mem
brane is set in motion; this in turn once more moves air
molecules finally to vibrate another membrane, the ear-
drum.

That any useful degree of fidelity can be preserved
through such an involved chain is astonishing. Yet, despite
all the problems we have mentioned, the eardrum is made
to vibrate fairlv faithfully with respect to the original air-
molecule vibrations. And the fidelity is constantly improv-
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The author, Assoc. Professor of Electrical Engineering at Pratt
Institute, received his B.E.E. cum lavde from CCNY in 1951 and
attended Columbia and Hofstra Universities (M.A. in Physics,
1958). His areas of interest are solid-state electronics and com-
puter logic. He is the co-author of ‘’Semiconductor Fundamentals:
Devices and Circuits’’ and is currently at work on a new book,
‘*Electronic Circuit Analysis’’ which will be published very soon.

Importance of Filters

By A. H. SEIDMAN // Contributing Editor

method
Now 1t

was the only good
is modern network

synthesis and computers which guarantee better products.

FILTER is a frequency-sensitive component which
is able to pass, with minimmum attenuation, a
select range of frequencies while suppressing the
transmission of unwanted frequencies outside this band.
Applications of filters are numerous, covering frequencies
from less than a hertz in seismology to gigahertz in
microwave work. 3Most filters are custom-made and some
five-hundred companies are competing for a market cur-
rently estimated to be 340 million annually and promising
to double by 1972.
Because of the widespread filter
technology in the past few years has come into its own

use of computers,

as a sophisticated specialty. Nearly any filter can be
designed using a computer.  Computerized sensitivity

studies of such ifems as component tolerance, “@Q7, and
environmental factors help m designing a practical filter
that is reliuble and meets specifications. Because of the
complexity of modern technology. filter requirements have
become more sophisticated than they were a decade ago
when the engineer could design his filter by using suilable
tables.

Today, a special brand of expertise is required. There
are filter specialists who design and make filters to satisfy
the particular customer requirements. There are filter
houses which ean provide any filter design, using lumped,
distributed, or other components. But many others tend
to specialize and offer only crystal, ceramic, mechanical,
or microwave filters. In general, except for relatively
simple designs, it seldom pays an engincer 1o design and
build a filter in house. More important is how he selects
and specifies filters. This Special Section ontlines these
techniques.

What’s Available?

If one were able to build the ideal filter, its character-
istics would be as shown in Fig. 1. The passband has
unity gain, permitting signals in the range of frequencies
defined by f,—f; to be transmitted withoul any attenu-
ation. In the region outside the passband. referred to as
the stopband, 100 percent suppression of frequencies is
obtaimed. The transition from the pass- to stopband or
vice versa 1s over zero frequency (instantaneous). And
an examination of the phase characteristics shows that
the phase shift changes linearly with frequeney in the
passband. Actually, filters do not possess zero attenua-
tion in the passband and suppression in the stopband is
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not infinite. Furthermore, the transition between bands
is gradual and the phase shift is nonlinear.

The filter designer must approximate ideal filter char-
acteristies as closely as possible with combinations of
passive elements like inductors and capacitors (LC filters) :
with resonant transducers (crystal, ceramie, and mechani-
cal filters): combinations of an amplifier and
components {active filters); and, at mierowave frequen-
cies, distributed, cavity, and strip-line filters. These sub-
jects are explored in depth in the remaining articles ol
this Special Section.

In terms of frequency diserimination properties, there
are four distinet types of filters: low-pass, high-pass.
bandpass. and band-reject types. Typical amplitude and
phase-shift response curves for the filters are given in
Fig. 2.

Low-pass filters pass frequencies from zero to a higher
or cut-off point. In general, an RC' integrating network
is considered a low-pass filter. On the other hand. high-
pass filters attenuale frequencies below a specified cnt-off
poinl. passing all other frequencies beyond this point un-
attenuated. Exwminples of high-pass filters are the simple
RC differentiating network and the waveguide used at
niicrowave frequencies. In both cases, the cut-off fre-
quency is taken at the —3 JdB point.

The bandpass filter passes a group of frequencies be-
tween specitied lower- and upper-cut-off frequeneies. Typi-
cally, bandpass filters are used in the if. stages of a
receiver. The band-reject filter can be thought of as an
upside-down bandpass filter, rejecting frequencies between
the cut-off points and passing all other frequencies with-
onl attenuation.

Filter design iz based on mathematics and modern net-
work synthesis. In the past. filter design was based on
the image-parameter method, where a lumped network
is described in terms of a distributed network, like a
transmission line. Today, however, the polynomial method,

passive

-t

2

=4

=]
Fig. 1. ‘‘Ideal”, 3
and unobtainable, T i 11,
filter characteristics. ] :
Compare this graph = :FREQUENCY
with those for prac- % L
tical designs, Fig. 2. -4 -_:

< :

T 1

37

WWW.americanradiohistorv.com


www.americanradiohistory.com

J
0
Qs =
s =
f
o° > §
w
w
3 2
53 x
LS o
—l'0°r _______ —-180°

y
o
]
-}
-t
oot — ——
o° -t ©° >t
-180% — — . — — — -180°

(A)

(8)

(0)

Fig. 2. Characteristics of four basic filters using LC elements. (A) Low-pass, (B} high-pass, (C) bandpass, and (D) band-reject.
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Fig. 3. (A) Butterworth and Chebyshev, (B) elliptic filters.

also called the exact or insertion-loss method. is usually
the basis of filter designs. This method tackles the filter
as a lumped-parameter system and deals directly with the
various parameters that characterize the filter. Its draw-
back is the inordinate amount of work required to obtain
values for the filter elements:; this labor means nothing,
however. when calenlations are computerized,

A number of classic filter designs have evolved, using
L( sections. To gain some insight into what may be ex-
pected of filters, three of these structures will be examined
briefly: the Butterworth. Chebyshev, and elliptic filters.
Their basic forms, using the low-pass filter as an exam-
ple, are shown in Fig. 8.

The Butterworth filter, also referred to as a maximally
flat filter. is characterized by a relatively flat response
and no ripple in the passband. The rofl-off. that is, the
decrease in gain beyond the ecut-off frequency, approxi-
mates —18 dB per octave for a section. In terms of
mathematics, the filter is simple to handle, having fair
phase and good amplitude response. Actually. however,
its cut-off frequency is poorly defined. making it unsuit-
able for applications demanding a uniform transmission
of frequencies in the passband and fast roll-off.

The Chebyshev filter has a sharper cut-off than the
Butterworth, but exhibits ripple in the passband; the ripple
is 0.1 to 3 percent. or greater, of maximum signal ampli-
tude. If one can tolerate greater vipple, a trade-off is
possible to obtain sharper cut-off, The Chebyshev filter
provides a relatively constant amplitude in the passband.

Sharper cut-off than that obtainable with either the
Butterworth or Chebyshev filters is realized with the ellip-
tic filter. But. besides having ripple in the passband, the
clliptic filter also exhibits ripple i the stopband. Of the
three filters, the elliptic generally provides the best per-
formance with a minimum number of filter sections. Other
classical LC filters are the Bessel and Gaussian types,
Mechanical, crystal. and active filters can also exhibit
characteristics similar to LC filters,

Our discussion of filters has tacitly assumed ideal com-
ponents—a convenient fiction that serves to simplify the
many calculations in synthesizing filters. To account for
real lossy components, like inductors and capacitors. a
technique called predistortion is useil by the experts. Ex-
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pected changes in filter performance, owing to lossy com-
ponents, are included in the evaluations of polynomials
used to describe filter operation. \When done on a com-
puter, the task is relatively easy.

Filter Terminology

We have already alluded to some of the terminology,
like passband, stopband, and roll-off, that is peculiar to
filters. To specify filters. the engineer must be sure what
he is talking about, In this section we shall consider
definitions of terms used to characterize filters. as used
by industry and the military. Wherever appropriate, test
circuits employed in establishing some of the definitior
will also be examined.

Insertion loss indicates how effective attenuation of sig-
nal frequencies is in either the passband or stopband of
the filter. A test circuit for measuring insertion loss is
shown in Fig. +. Zg and Z;, are the source and load im-
pedances, respectively: their values must be stated when
specifying the insertion loss of a filter. With the d.p.d.t.
switch in position 1, the filter is removed from the cireuit.
Voltage (E1) across load Z;, is measured for the frequency
or range of frequencies of interest. When the switch is
thrown to position 2. the filter is in the test circuit and
voltage E2 is recorded (for the same range of frequencies
used in the previous measurement). Insertion loss (IL in
dB) is defined as: IL = 20 log,, (E1/E?).

Diserimination is a useful criterion for comparing the
attenuation in a filter between a chosen reference frequency,
usually the frequency corresponding to maximum output
voltage. and a second frequency, often in the stopband.
The test setup used is the same as that for measuring
msertion loss, with measurements of insertion loss made
at the reference frequency and the second frequency.
The algebraic difference. i dB, in the two measurements
yields the discrimination, designated alpha: & = IL 105 spe)

=

—IL(SPL‘CHH] freg.) e

The cut-off frequency is the frequency at which the
maximumn specified insertion loss occurs in the passband,
Typically, it is —3dB. but it can be any selected level,

Because roll-off from the pass- to stopband is gradual, a
transttion region exists. This region may be specified as
the difference between the cut-off frequency and the fre-
quency corresponding to the minimum value of insertion
loss in the stopband

Two terms used to characterize bandpass filters are
shape factor and percent bandwidth. A typical amplitude
response curve for a bandpass filter 1s shown in Fig. 5A.
Shape factor is defined as the ratio of bandwidths between
two specified values of insertion loss in the passband.
Often the —6 B and —ii0 dB points are selected; assum
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ing this to be the case, the shape factor is Shape factor =
BW g0 any/BW ¢ apy. Percent bandwidth is defined
as: %BW = (ju—fL X 1009%)/Vfuly, where fy and f;,
are the upper and lower —3 dB frequency points, respec-
tively.

Ripple in the passband or stopband can be cited cither
m (B or percent.

Except for the ideal filter, the phase-shift response of
filters is nonlinear. A useful measure of the nonlinearity
is the phase slope oblained by drawing a line tangent to
the phase-shift curve at the frequency in gquestion (see
Fig. 5B). A triangle is drawn and the phase slope, n
seconds is defined as: Phase slope = A#/Aw.

Group delay is the delay of frequencies transmitted
throngh the passbaund. If the delay is flat. all frequencies
are delaved by the same amount. Group delay 15 equal
to the phase slope at a stated frequency.

The transicnt respouse of a filter is its response to a
step function. In practice, the step is approximated by
a low-frequency square wave. The output response of the
filter will appear as a damped sinusoid having a maximum
overshoot and ringing. Where the transient performance
of filters is important to the application, a figure of per-
missible overshoot and ringing should be specified.

Output and input impedance of a filter at various fre-
quencies may be determined with the test setup of Fig. 6.
Source E, is a variable frequency source; the filter s
terminated in a specified impedance. By definition. the
magnitude of the input (or oulput) impedance 1s the
magnitude of the impressed voltage |F| across the filter,
divided by the magnitude of the mput current. Because
current meters tend to be inaccurate at higher frequencies,
the input current is determined by measuring the voltage
magnitude |FEy|, using an off-ground or battery-operated
meler, across resistance 2. The input (or outputl) in-
pedance, Z, is: Z = |E\/E| (R).

At the outset the engincer should have a good idea of
what the filter lie needs is expected to do. He should
know, for example, what the filter characteristies should
Jook like. temperature range of operation, and the m-
pedance terminations the filter will see when installed in
the circuit. To assist the engineer, soime companies pro-
vide nomograms, charts, or graphs to cnable him to spe-
cify a filter. Sales and applications cngineers are also
available to help the engineer arrive at a realistic filter
specification. What must never be done is to overspecify;
overspecification results in higher costs and bulkier filters.

Filters come in many forms other than LC (or RC)
structures. As described in the following articles, fiiters
using mechanical transducers, like ceramic and crystal,
offer interesting design opportunities; at low frequencies.
the active filter can be a possible choice. The engineer
should investigate all possibilities before making his final
selection.

What are some things the filter designer must know to
ensure that you, the engineer, will get the most filter for
vour dollar? He must know the magnitude of signals to
be applied to the filter and their waveshape. If high-
amplitude signals are present, power levels may become
a significant consideration which could lead to larger,
heavier, and costlier units. For this reason, filters should
be used in low-level stages.

If the waveshape is appreciably nonsinusoidal, the tran-
sient response becomes important; this requires the speci-
fication of values of permissible overshoot and ringing. If
the filter is going to sce d.c. levels in addition to the signal,
this must also be stated in the filter specification.

All filters exhibit a nonlinear phase shift and a varying
phase slope. In applications like data transmission sys-
tems, where a constant phase slope over some specific
cperating region is required to ensure flat group delay, this
condition must be specified. A constant phase slope re-
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FILTER
UNDER
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Fig. 4. Test circuit for measuring insertion loss of filter.

Fig. 5. (A) Defining shape factor and percentage bandwidth.
(B} Determining the phase slope of the filter. See text.

o ° g I

Fig. 6. Procedures for measuring impedance of a filter.

quirement will raise filter costs; thierefore 1t should be
specified only if absolutely essential.

As previously stated. early filter designs used the image-
parameter method, where cqual source and load imped-
ances are considered essential for optimum filter perfor-
mance. But today, thanks to the computer. the polynomial
method is generally used to synthesize filters. With tlis
technique, the actual source and load impedances the filter
sees when placed in the cireuit are the significant param-
eters. If parallel operation is necessary, as in some telem-
etry applications, this should be made known to the
designer so he can consider the stop-band impedance
characteristics of the filters as well as minimize interactions
between the parallel combination.

The maximum ripple that can be tolerated in the pass-
or stopband should be specified. Achieving low ripple
often entails more filter sections and high-“Q” compo-
nents, resulting in greater filter costs. For these rcasons,
an engineer should never overspecify but determine real-
istically how much ripple he can “live with.”

A realistic appraisal of environmental conditions under
which the filter will operate is a worthwhile undertaking.
A wider temperature range than needed could mean that
highly stable components would be required. again re-
sulting in higher filter costs. In addition, excessive shock
and vibration requirements increase costs and lead to
bulkier filter designs.

A number of companies offer brochures relating to filter
operation and design. A sampling of some that may be of
imterest to the reader are: “Wave Filters: Their Design
and Specifications” by ADC Products Inc., Minneapolis,
Minn. Burr-Brown of Tueson, Arizona has a well-written
booklet, covering active filters, entitled “Handbook of
Operational Amplifier Active RC Networks.” Crystal filters
are treated in “Recent Developments in Crystal Filters”
issued by Damon Engineering Inc., Needham Heights.
Mass. For military applications. MIL-F-18327C (May.
1966) is a general specification for filters. A
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The author received his BSEE in 1960 and has done grad-
vate work at the Polytechnic Institute of Brooklyn. He
joined the company in 1965 as head of the filter design
department. Since then he has written numerous digital
computer programs on LC filter design and analysis and
is doing research on new types of LC filters. He is o mem-
ber of IEEE, the Professional Group on Circuit Theory.

LC Filters

By STEPHEN ROSENFIELD/ senior Engineer, ESC Electronics Carp.

Are LC filters sophisticated enough to fulfill the needs of today’s complex
systems? Yes, but you need a specialist who knows filters and a computer
which designs intricate LC networks quickly and inexpensively for the job.

ARE an inductor and add a eapacitor; tie them to-

gether and vou have a system which ean store power

and filter out noise. LC networks, which incidentally
should be culled RLC filters since all passive electrical
components conlain resistance, are first cousins to RC fil-
ters which most engineers al one time or another have de-
signed  with traditional resistors and capacitors. As a
natler of fact, RC filters are fairly well standardized
their design formulas are found in many textbooks. LC nel-
works are by comparison diflicult, and a more sophisticated
approach is needed. To some degree, the dificulty in LC
filter design is directly due to the inductor’s design which
is in itsell an art. For any particular frequency at whieh a
spectfic induectance value is speeified, there are literally
hundreds of possible inductors which could be used in the
application. Ln reality, there are only a few oplimum
choices.

One more thing about LC filter design. There are man:
textbooks and magazine articles which purport to give de-
sign information. However, engincers or technicians who
require filters should be advised not to design their own
networks. An engineer who designs his own LC filter usu-
ally finds that he eould have speeified his requirements to
afilter specialist and paid mueh less for a lot more.

The Art of LC Filter Design

Al Kinds of tilters. sueh as erystal. mechanical. and ee-
ramie (which we can refer to as secondary types). have
evolved from the primary LC type. Designers of these see-
ondary filters always make use of LC filter analvsis to help
explain the operation of their networks. For most parane-
ters in the secondary filter system, there exists an analog
which relates to either an inductance (self or mutual) or
a capacitance in the primary LC filter system. As a wat-
ter of fact, if this were uol true, little could be done in
the way of analyzing these types of filters mathematically

Perhaps the degree to which LC filters can be analyzed
mathematically explains the degree to whiceh the filters
have grown in sophistication. In no other type of filter can
the specialist control so many parameters.

Tor example, we are able to provide LC filters with a
group-delay constaney of 19 in the passband coupled with
an ability to provide extreme selectivity. We can design
LC networks which will shape a given signal and stabilize
the response to within a few tenths of a dB over an ex-
tremely wide temperature and input voltage range. Each
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vear new LC filter capabilities are realized and the end is
not in sight.

LC filter design has become so sophisticated and com-
petitive that filter designs must be carefully analyzed by
digital computers. The digital computer is a necessity, not
a luxury.

Some filter manufacturers have devised computer pro-
grams which will: (1) design a complete filter network
from customer specifications, (2) analyze a completed de-
sign—rtells the engineer whether or not the filter meets all
specifications and whether or not it operates efficiently at
the extremes of the compotient tolerances. and (3) optimize
an initial filter design. Here the computer picks the best L
and € values in a particular braneh of a nelwork. giving
the hilter design engincer a truly optimal network for a
given number of inductors and eapacitors.

The time required—ifrom specification of the filter to
delivery to the customer-—has heen greatly reduced by
computer processing. Many filter manufacturers are able
to give cost quotations within 24 hours after receipt of the
specifications. Design work is so rapid that often filter
deliveries can be made in a few davs or at most a few
weeks. In the past, it often took months. or perhaps even
longer for an engineer to receive the required filter.

In the past. most filter companies offered catalognes or
brochures showing the many filters kept in stock. For ex-
ample, many types of LC filters such as telegraph and
tone-channel networks have been standardized by the elec-
tronies industry, that is, these units have fixed bandwidth,
allenualion, and input and output impedances. Low-pass
filters with particular cut-off frequencies and given im
pedance levels were also stocked by some manufacturers.
Some companies continue to stock these items hut, based
upon the author's experience, the need for the off-the-shelf
unit has greatly diminished. For example, if the engineer
thinks he saves money by buying an off-the-shelf item,
he should consider his decision carefully.

Despite the growth of active filters, which in years past
have threatened to “push LC filters out of existence,” LC
filters have grown in direet proportion to the expansion of
the entire electronies industry. But, more and more so-
phisticated engineers and technicians realize that filters
should be designed by specialists.

LC Filter Characteristics
The LC filter user should know something of the charac-
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teristics of varions types of mits so that he may know if
it is feasible to get a filter that meets his needs. We will
concentrate on the specific shape of the filter’s charac-
teristic, including parameters like group delay, amplitude re-
sponse in the passband, out of the passhand (or stophand),
and in the transitional area between., We will also summa-
rize the transient response of several families of LC filters.

Essentially, the several families of filter characteristies
can be grouped and represented by a low-pass network.
Bandpass, high-pass, and band-reject designs are related

No. of 1__ Rise Time (sec) Overshotﬂ%)

Poles |Butter-| Chebyshev | Bessel Butter- | Chebyshev | Bessel
(N) | worth | (.5 dB ripple) worth | (.5 dB ripple)
2 2.2 1.6 27 | 4 2 0.4
3 23 24 31 8 6 0.8
4 24 2.7 34 | 11 9 0.8
5 2.6 3.1 3.6 13 11 0.8
6 2.7 3.2 3.8 14 12 0.7
7 29 3.3 3.9 15 12 0.7
8 3.0 35 3.9 } 16 13 0.6

to the low-pass case by simple frequency transformations.
Within the general characteristics of each family. the rate
of attenuation outside the passhand is set by the number
of poles (directly related to the number of inductors and
capacitors within the filter).

Fig. 1 shows the amplitude and group-delay characteris-
ties of Butterwortl, Chebyshev, and Bessel filters while
Table 1 summarizes their respective rise times and over-
shoot.

Butterworth filters are derived on the assumption that
behavior at zero frequency is far more important than be-
havior at any other frequency. In this way they are similar
to the classical image-parameter filters. As a matter of
fact., a three-pole Butterworth filter is identical to a three-
pole image-parameter type. This d.c. approximation leads
to a class of filters with good phase response and good
amplitude response but poor characteristics around the
cut-off frequency (the $-dB point). The Butterworth
funetion is unsuitable for applications that require trans-
mission of frequencies in the passhand and sharp rise at
cut-off. As Table 1 shows, overshootl increases with the
number of poles in the Butterworth filter.

Chebyshev filters are derived on the assmnption that all
frequencies in the passband are of equal importance. The
Chebyshev function is useful i applications where the
amplitude is of primary concern. This family gives a more
constant attenuation in the passband than the Butterworth
type and gives much greater attenuation in the stopband.
Unfortunately, Chebyshev filters offer little improvement
in decreasing the size of overshoot.

Bessel, also known as Thompson filters, achieve their
excellent phase linearity al the expense of the slow rate

Table 1. Rise times and overshoots of typical filter types.

at which signal amplitude deereases in the stopband. They
can pass rectangular pulses with little overshoot (Table 1),
negligible over-all distortion of shape, and the time delay
is almost constant with frequency for passband signals,
They are well suited to pulse-modulation systems and ap-
plications where minimum deterioration in pulse transmis-
slon 1s required.

Some other filter types, not illustrated here, attempt to
combine the characteristics in which each of the three al-
ready deseribed filter types excels. The Transitional But-
terworth-Thompson (TBT) is well defined by its name. It
is used where somewhat greater attenuation is needed than
that which the Bessel offers. and somewhat more over-
shoot can be tolerated than that which the Butterworth
allows,

Optimum-L filters combine good selectivity with a uni-
formly changing phase characteristic. There is less attenu-
ation than in the Chebyshev filter but also less time delay
over a greater bandwidth, therefore better transient re-
sponse. They are useful in phasc-angle modulated systems.

Where amplitude is of prime importance and stopband
and passband ripple are allowable, the most eflicient type
of filter characteristic is the relatively new elliptic type.
For any given number of poles, these filters provide the
most efficient amplitude vs frequency characteristics of
any type. Unfortunately, their group-delay and overshoot
characteristics are poor and difficult to predict. See Fig. 8.

Fig. + shows the network configuration for Butterworth,

Fig. 1. Attenuation and group-delay characteristics of the (A) Butterworth, {B) 0.5-dB Chebychev, and (C) Bessel filter systems,
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Chebyshev, and Bessel flters. Tig. 5 is an elliptic fler
schematic.

The “Interface” Problem

TFor an cfficient filter to be designed, there must be hon-
est and knowledgeable comnunications between the re-
questing engineer or lechnician and the filter designer.
First, the engineer must know why he wants a filter. e
must know the waveforms in his svstem, what he wishes to
change, and what characteristics he wishes preserved, and
he must know what frequencies must be eliminated. There-
fore, the engineer must analyze his waveform and know
why il is the way it is. Even if the filter designer knows
something of the system’s funection, he is really an expert
only within his own domain, and hence must be presented
wilh information on eircuil conditions.

At an carly point in the specification of the filter. the
engineer must decide whal Lype of filter he needs. Does
he need an LC, mechanical, or erystal filter? To aid the
engincer in his choice, a chart of frequency vs percentage
bandwidth ranges is shown on page 4} of this seetion.
(Note these are approximate and should serve only as a
casual gnide. Certain filter manufacturers may take issue
with these limits.)

Assuming thal the specifying engineer knows the compo-
sition of his waveform and what changes he wants the filter
to make. he now should speeify a filter with the minimum
requirements that meet his objectives. Overspecifving or
underspecifying a filter may ultimately lead to an imprac-
tical design or a costly or time-consuming mistake.

Based on our company’s experience in designing L(' fil-
ters, it is quile obvious that the specifying engincer tends
to overspecify selectivity while overlooking other parame-
ters that may he eritical to his needs. To alleviate some
of these problems. some suppliers have prepared detailed
queslionnaires which the filter user completes and returns
to the designer. Very careful thought has gone into the
preparation of these forms and we will go over a typical
questionnaire item by ilem (see Fig. 2) to help clarity the
“interface” problem—the communication between user and
supplier.

1. Filter Type: Here the word “type” rvefers to low-
pass, high-pass, bandpass, or band-reject. It <hould be ob-
vious to the filter user the type he requires.

If his signal is d.c. or some f{requency which will suffer
from harmonic interference, he needs a low-pass filter. If
his information is in a restricted band above d.c. and
signals are interefering on both sides of the band, he needs
a bandpass tvpe. Where a network has a limited band of
signals to be eliminated (above d.c.), the user may re-
quire a band-reject network. A subharmonic problem is
generally taken care of through the specification of a high-
pass filter.

We have siimplified the explanation of the differences
among filter types, but, in addition Lo these “siinple” cases,
there exists a myriad of other applications.

For example, filters may be used to separate signals into
discrete bands of frequencies so that information can be
sent efficiently through transmitters which have limiled
bandwidths (see Fig. 6). Upon reaching a receiver, the
separate signals are recombined to produce the intelligence.
A group of bandpass filters composed of contiguous fre-
queney passhands are connected with inputs in parallel. The
information is separated into frequency-limited bands and
sent to different outputs. A similar group of filters on the
receiving end, with oulputs in parallel, will combine the
separate bands and restore the signal to its original informa-
tion capacity. Here Lthe user must supply the filter designer
with specifications for each group of bandpass filters which
work together to accomplish the required function.

Many other functions, too numerous to be covered here,
can of course be accomplished through the use of low-
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FILTER QUESTIONNAIRE

FIRM NAME QATE.

ADDRESS — =

ATTENTIONOF MR . OEPT.

PHONE

PLEASE PROVIDE AS MUCH OF THE FOLLOWING INFORMATION AS POSSIBLE:
ELECTRICAL SPECIFICATIONS

. (’c't.‘[‘c'; TJ;E‘) Low PASS [ WEHR PASS [ | BAND PASS (] |  BAND RESECT [
— T Y1 ﬁ\ A T
Attenuation ) t - | J, | L | L:__]d
LS S0 ISR 1 ' 1

Fe FoF FF Fa F, f F FF, FFOF L ]

2. ATTENUATION CHARACTERISTICS (REFER TO DIAGRAM ABOVE AND FILL IN FOLLOWING)

F. (REFERENCE FREQUENCY) . INSERTION LOSS db MAXIMUM
F_, Aftenuation__ . db Maximum
Fi__ , Attenuation db Minimum
F, _. Attenuation db Maximum
Fo._____ _, Attenuaticn db Minimum
b. MAXIMUM PASSBAND RIPPLE db
2. IMPEDANCE Z Source 2 7 Load. f
3. SPECIAL PHASE OR TRANSIENT CHARACTERISTICS (f ANY) = ——— T
4. YOLTAGE LEVEL — e ——
5. TEMPERATURE RANGE
a. Operating °CTo °C
b. Storage °C To °C
6. APPLICATION AND DESCRIPTION OF CIRCUIT . ———
MECHANICAL SPECIFICATIONS
7. PREFERRED CASE MATERIAL: Metal ] Molded [ ] Other.

8. MAXIMUM DUTSIDE DIMENSIONS
9. TERMINAL TYPE AND LOCATION
0. QUANTITIES REQ'O

REMARKS e ——— — =

Fig. 2. Typical questionnaire designed to aid the filter spe-
cialist in devising the right filter for the customer's needs.

pass, high-pass, bandpass, and band-reject type filters.

After the decision as to “type” has been made, the
amount of selectivity needed must be expressed quantita-
tively as in Item la in Fig. 2. This is generally done in
terms of the maximum dB of attenuation allowable with-
in the passing region or passband, and a minimum amount
ol loss needed in the attenuating region of stopband. Here,
again, we stress the need for an honest evaluation on the
part of the user of his requirements. This enables the filter
to be manufactured in the most cfficient and economical
configuration. A simple example of overspecification of se-
leetivity follows:

Suppose an engineer wishes to suppress the seventh and
higher harmonics of a 1-kHz square wave in order to slow
down the waveform’s vise time. The filter specifier may
decide arbitrarily that if the 7-kHz and higher components
of the signal are attenuated 60 dB, his problems are
solved. He fills out Item 1 of the questionnaire as follows:

(a) F, reference frequency 1-kHz insertion loss 1 dB
max.

Iy 5-kHz allenuation 3 dB max. (le wishes to pass
frequencies up to harmonic five, allowing a 3-dB maximum
loss at 5 kHz.)

F, 7-kHz, 60 dB minimum.

(b) Maximum passband ripple =1 dB.

This looks simple enough, but let’s examine this more
closely.
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If the user remembers that the Fourier series shows
harmnonic number seven of the square wave is already !th
of the first harmonie, or 17 dB below the 1-kHz funda-
mental, he really needs 60—17 or 13 dB attenuation to
produce the required result. A filter which produces 60-dB
attenuation at 7 kHz (with 17-dB altennation wasted)
costs more to produce than a filter with the acceptable
attenuation of 3 dB.

On the other hand, there may be more subtle problems
in deciding the amount of attenuation allowed in the pass-
band. It is easy to say “let harmounic number five (5 kHz)
come through the filter with no more than 3-dB attenu-
ation,” it is more difficult to explain why.

2. Impedance: This information secems obvious. The
user, after deciding wlere the filter is to be used. notes
the input and outpul impedance (Zypree and Zpa. ve-
spectively). The problem here is that the circuit im-
pedance could vary with frequency. Most filters will cause
distortion if the input and output impedances are not con-
stant. Jf the filter design engincer is informed of this hm-
pedance variation he might be able to design around it.
In this way. some circuit troubles may be avoided when
the filter is inserted into the system.

Too high or too low a design impedance can make filter
design unrealistic. A filter that must operate at 10 MHz
at an impedance of 100,000 olims may possess T-millihenry
inductors and 1-picofarad capacitors, a poor combination.
Perhaps the filtering should be done in another part of the
circuit where impedance values are more compatible.

3. Phase and Transient Characteristics: Filter spee-
ifiers seem to be more ignorant of phase shift and time-
delay requirements than of any other parameter. In the
past, where amplitude modulation was the primary meth-
od of information transmission, it was not important for
the engineer to be concerned about phase and time delay.
Now the complexity of modemn signals through the newer
modes of signal processing. such as frequency, pulse, and
continuous-wave modulation, forces the well-informed en-
gineer to reckon with these variables.

Suppose we are dealing with a pulse transmission sys-
tem where the requirement is that the output pulses have
the same shape and separation as the input pulses except
for a time delay T = 7, — T,. as shown in Fig. 7A. It
is clear that a filter with a long rise time is not suitable
because the pulses would “smear” over each other, as seen
in Fig. 1B. The same can be said for long settling times.
Obviously. the best filter for the pulse transmission system
is a constant-delay filter with small rise and settling times.

Engineers working with pulses may appreciate the term
“overshoot” more than certain other engineering types.
In color-TV transmission. too much overshoot causes the
TV picture to have an excessive mount of blue haze. not
the most satisfving color for human skin tones. Fig. 8
defines overshoot.

A word of caution should be given here. The author
has stressed the significance of understanding phase shift
and time delay, and has given examples of their effect on
the user’s system. If. however. special phase-shift or trau-
sient characteristics are not necded. it would be unwise
for the filter nser to specify them. Their specification will
ultimately require a more costly filter.

4. Voltage Level: Linear networks of which LC filters
are a part, generally remain stable with voltage and power.
But any linear network will saturate when loaded by too
high a signal. It is especially important for the filter de-
signer to be awave of the incoming voltage swing when
specifying low-frequency filters below 5 kHz. At low fre-
quencies, inductors tend to saturate more than at higher
frequencies due to increased hysteresis losses.

High Jdynamic ranges of valtage may lae critical if the
filter hus been specitied to lave a high degree of stability.
The filter specinlist lins al his disposal, components such
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Fig. 8. How to calculate the degree of overshoot.

as thermistors and varactors which are able to compensate
for input variations. But he can only compensate, when the
user informs him of the system’s conditions.

5. Temperature Range: All capacitors and inductors
vary (in value) over a temperature range. Ambient
temperature and the range of temperature varialions are
frequently inadequately specified. A probable reason is
that although users are aware of the temperature problem,
they care little about it, and shift the responsibility to the
component supplier. Often, a filter user will arbitrarily
enter the operating temperatures as —355° C to +125° C
thereby covering himself for any error he may have made in
predicting the actual range. The restrictions now placed
upon the filter supplier are numerous. He cannot use cer-
tain types of capacitors such as polystyrene and ceramic,
he must eliminate certain encapsulating compounds, and
he must completely stop the use of certain inductive
devices such as ferrite pot-cores with small air gaps. All
this is the consequences of a wide temperature range.

With all these restrictions, the filter specifier must now
pay a price for the extra design time and more costly com-

penents which require temperature compensation. A filter
specialist 1s able to compensate for temperature changes
easily, but why compensate when it really isn’t necessary.

6. Application: This part of the questionnaire is an aid
to the user who is not exactly sure his specifications are
correct. Sometimes this added data helps the designer
understand the user’s needs.

Mechanical specifications, Items 7 through 10, are ob-
vious and require no comment.

What’s Ahead

Through the use of the digital computer, new families
of LC filters have been lmllt that have never previously
been thought possible. Now, the computer is the top tool
of the filter design engineer. Through computer usage, the
price of LC filters has l)oeu slashed. Prototyping costs
have also dropped substantially in recent years and appear
to have a tendency to continue doing so. Innovation and
experimentation are not expensive any more and the filter
designer does not have to build the physical filter to prove
his design. A mathematical model of the filter is, instead,
analyzed by the computer, and only after careful study,
with many alternate designs weighed, is the filter released
to the shop for construction. The actual computer time
has not been days or weeks, but seconds to minutes.

LC filters, which cover the widest of frequency ranges
have been used in more networks than any other type of
filter. In all probability, these filters will continue to in-
crease in range, This 1s in part due to the new components
such as ceramic chip capacitors, which cut package sizc
and new nductive devices.

PRACTICAL OPERATING LIMITS FOR FILTERS

HE frequency and percent bandwidth limits for the different filters

shown in the diagram are representative over-all figures. For ex-
ample, it should not be inferred that for a crystal filter operating at a
center frequency of 10 MHz, all percent bandwidth values listed are
realizable. Design trade-offs must be made to obtain physically realizable
and economical units. Because the r.f. interference filter is an example
of an application rather than a type, it is not included in the frequency
diagram.

From 1 kHz to 100 MHz the LC filter covers the largest area of fre-
quency spectrum and percent bandwidth. At very low (less than 1 kHz)
and at very high (greater than 100 MHz) frequencies it is nearly impos-
sible to fabricate LC filters with either useful electrical characteristics or
small physical dimensions. At frequencies less than 1 kHz, inductance
values and physical dimensions become excessive. The active filter, using
reasonable values of RC elements and an operational amplifier, can pro-
vide filtering at frequencies less than a hertz.

For frequencies greater than 100 MHz, discrete LC structures fail as
filters because of parasitic capacitance and inductance. Microwave filters
composed of distributed elements such as transmission lines, wave-
guides, and comb structures are used at the higher frequencies.

From the frequency diagram, it is evident that the active filter overlaps
into the frequency range from 1 to 20 kHz. Here a choice can be made

among a number of different filter types. Various factors, including per-
cent bandwidth, temperature, shape factor, and cost, influence the selec-
tion of a particular filter type. For percent bandwidths greater than 10,
an LC filter is required. If signal power gain is needed, this can be ob-
tained only from an active filter. A crystal filter may be the best choice
if a shape factor on the order of 2:1 is required. If the filter has to
operate at a temperature of 125° C, it may be most economical to
choose an LC filter.

Generally, ceramic filters are restricted to two frequency slots: 8 to
50 kHz and 300 to 770 kHz. The reason is that ceramic elements, being
piezoelectric in nature, resonate in these frequency ranges (broadband
ceramic filters operating at center frequencies of 4.5 and 10.7 MHz are
also available). In general, ceramic filters exhibit a reasonably good
shape factor and are economical. At temperatures greater than 85° C,
however, frequency shift becomes excessive for many applications.

Mechanical filters are obtainable with shape factors as low as 1.2:1,
making them excellent devices where sharp sefectivity is required.
Crystal filters are well suited for narrow-band applications. Monolithic
crystal filters housed in a TO-5 package are ideal for integrated circuits.
With computer synthesis, the LC filter can be made to satisfy just about
any requirement, but again, cost and size are important factors in some
applications.
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The author joined Microlab/FXR in 1959 and in his present
position is responsible for the coordination of all filter and
custom product design and development contracts. Prior to
joining the company, he was associated with ITT Federal
Laboratories where he was involved in the development of
communications and radio navigation equipment. He received
his BSEE from Lafayette College in 1958 and an MSEE from
Newark College of Engineering in 1962. He is a member of
the JEEE and the IEEE Professional Groups on Microwave
Theory and Techniques and Circuit Theory. He is also a
member of Tau Beta Pi and Eta Kappa Nu honorary groups.

Filters for Microwaves

By ROBERT FELSENHELD, Jr./ Engineering Manager, Microlab/FXR

No new breakthroughs; just better made parts. Here’s what the system
engineer should consider when choosing a new microwave filter design.

ICROWAVE filters are unique. The {requency

spectrum they cover is quite large, overlapping

into the area of lunped-constant filters at the low
end and into the “millimeter wave” region at the upper
end. There is some confusion because most engineers and
scientists cannot agree where the microwave frequency
spectrum really begins or ends. For traditional reasons,
however, and probably for reasons developed by the in-
dustry itsclf, the practical microwave region starts at
100 MHz and runs up to frequencies in excess of 18 GHa.

Types of Microwave Filters

Microwave filter types include high-pass, low-pass, and
bandpass units whose bandwidths range from a fraction of
a percent to an octave or even more: narrow- and wide-
band band-reject types: elliptic function filters witl ex-
tremely steep rates of rejection: complementary filter pairs;
continuous channel diplexers: combination networks to act
as channel separating and multiplexing devices; lossy wall
and mode suppressing filters; directional filters which have
the properties of directional couplers but exhibit bandpass
and band-reject characteristics depending on which ports
are chosen as input and output; and filters used for phase
correction networks and delay lines. Types and applica-
tions are a never ending list.

What Makes a Microwave Filter?

Anyone who has worked in the lower frequency regions
or with an FM or TV tuner knows the problems that can
be encountered due to stray capacitances or excessive com-
ponent lead lengths. Microwave filters overcome these dif-
ficulties somewlhat by the use of distributed rather than
lumped elements. Thus. the microwave filter engineer uses
transmission line lengths and characteristic impedances
rather than commercial capacitors and coils as the ele-
ments of design. In the v.hif. and u.h.f. regions, there is
overlapping and some combining of the lumped-element
and distributed-clement design. These filters are classed as
“hybrids.” At higher frequencies almost all filters are con-
structed of parts made on lathes and milling machines.

In the past ten years, microwave filters have undergone
a vast change. The major stimulus to this change has
been the tremendous activity generated toward what is
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called “modern network theory™ as opposed to the older
and more pragmatic “image parameter” method of design.
Modern network theory has not only made possible prac-
tical bamdpass, low-pass, high-pass, and band-reject filters
to more optimum specifications. but also has led to a
variety of new types and configurations. Two examples of
distributed-element bandpass structures are shown in Figs,
1 and 2. Yig. 1 is a 19-resonator interdigital filter con-
structed of alternately shorted round-rod quarter-wave-
length resonators in a metal housing. Fig. 2 is a five-
resonator comb-line device constructed of parallel-coupled,
capacitive-shiortened rectangular resonators in a metal
housing. In both cases. the fillers could have been con-
structed from round rod, rectangular rod, or strip-line.
For the interdigital filter, each rod or resonator is the
microwave equivalent of a low-frequency “tank circuit.”
For the comb-line filter, the same is true. except the input

~and output bars act as transformer sections, not reso-

nators. These are only two examples of devices which are
popular In microwave systems.

Other technologics, the call for miniaturization. and eco-
nomic pressures have all influenced microwave filter tech-
nology. Some filters can be fabricated using printed-circuit
strip-line techniques. A strip-line filter is, in itself, not a
type of filter but a type of construction. Many types of
microwave filters can be constructed in printed strip-line,
but most strip-line filters are of the moderate and wide-
band bandpass type. Printed strip-line filters are designed
utilizing distributed elements, as were the comb-line and
interdigital previously discussed. But printed strip-line
elements more often take the form of open or short-circuit

Fig. 1. A 19-resonator interdigital filter made of alternately
shorted quarter-wavelength rod resonators in metal housing.
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Fig. 2. Five-resonator comb-line filter using capacitance tuning.

quarter-, half-, or three-quarter wavelength stubs of vary-
ing widths, Typically these stubs are interconnected by
quarter-wavelength coupling lines to yield the desired de-
sign characteristie. Recently, printed strip-line filters have
replaced their fabricated. thick-strip predecessors in some
system applications, but printed-circuit filter components
probably account for less than five percent of all micro-
wave filter component applications. Strip-line filters are
more often used with other printed-civeuit devices such
as directional couplers, mixers, hybrids, ete., where all the
components may be integrated and reproduced on one
circuit board. Two major drawbacks to printed-circuit
filters (and possibly the reasons why they are not used
as much as one might think) are bandpass insertion loss
and temperature instability. These factors are dependent
on the nature of the filter, and upon the resistive losses
and thermal characteristics of the dielectrics of the copper-
clad materials which are presently available in the in-
dustry.

Helical-line filters have become quite popular below
1000 MHz because the slow-wave property of the helix
(it takes rf. energy longer (o travel cireularly along a
helix than along an equivalent length of coaxial trans-
mission line) permits length and volume savings on the
order of three times or more. Fig. 3A shows a typical
four-resonator helical tubular bandpass filter. The design
s “hybrid” in nature. The “eoils” are actually distributed
clements which have been precisely calculated as lengths
of helical transmission line.

Laeh helix is soldered to two adjacent shunt bead ca-
pacitors which have predetermined values and are cal-
culated as dieleetrically loaded concentric coaxial cylinders.
These two capacitors and one helix form one resonator.
The resonators are coupled to one another through dielec-
tric spacers which are located between the faces of ad-
jacent beads. The input and output eapacitors are shunt
elements. The lumped-element equivalent circuit diagram
is shown in Fig. 33. Because of this configuration, helical
tubular bandpass filters have a steep (slope) rate of re-
jection at the upper frequency ent-off point and a reduced
rate on the lower flequcn(v rejection slope. A filter such
as the one illustrated is typically about four inches long
and one-half inch in diameter at 100 Mz,

YIG filters are a newer type of

some phenomena not normally associated with filters at
other frequencies. This is true despite the fact that the
design theory is exactly the same as that used at all other
frequencies. Most coaxial systems are 50-ohm  systems,
therefore most coaxial filters quite naturally are specified
with 50-ohm input and output impedances. Some v.h.f.
systems are 72 ohms or 93 chms. On the other hand,
waveguide filters are not normally specified by impedance,
but rather by waveguide size. Thus the tvpical two-section
cavity shown in Fig. + would be specified to work over a
frequency range in WR-137. This is because the true imped-
ance of the waveguide is not constant but varies with fre-
quencey and therefore is not a practical parameter.

“@”, or unloaded “@Q” is not usually a problem in micro-
wave filters. The geometries, configurations, and boun-
daries required by microwave structures usually assure a
reasonable “Q)” is available. In the worst cases, insufficient
“@” will be translated into an undesired passband inser-
tion loss. In multi-resonator filters, “predistortion loss”
associated with finite “@” and predictable as a function of
phase slope or group time delay will cause additional
transmission losses at passhand edges.

Temperature drift can be a problem with microwave fil-
ters, particularly with narrow-band cavity devices. These
filters are typically used as preselectors in microwave re-
ceivers. Cavities are normally temperature-compensated in
the mechanical design or constructed of relatively temper-
ature stable materials such as invar, a nickel-steel alloy.
Moderate or wideband devices do not demonstrate as much
deterioration of performance or frequency drift in severe
temperature envirous except possibly in systems which
require a high degree of absolute and relative phase and
group time delay stability.

As was previously stated, microwave filters are designed
from the same basic theoryv as all other resonant devices,
and therefore tabulated information about rejection curves,
shape factors, passband ripples, “@”, phase, inscrtion loss,
cle. is also applicable to all microwave filters.

How to Selecet & Specify a Microwave Filter

It is important for an individual who selects and speci-
fies a microwave filter to recognize the special properties
of certain filter types. For example, low-pass microwave
filters may or may not be required to pass signal from d.c.
to some cut-oft frequency, f,, but the stopband must have
some finite upper limit, i.e.. six to ten times f,. The upper
himit of the reject band will, therefore, not extend to infin-
ite frequency.

Microwave high-pass filters have rather special proper-
ties. In fact, there is no such thing as a true microwave
high-pass filter! This is due to the distributed nature of the
clements. A microwave high-pass filter is actually a wide-
band bandpass filter or pscudo-high-pass filter. Thus, al-
though the band may reject d.c. to some desired {requency,
the actual passband will extend from some cut-oft frequen-

fes to some other finite frequency, f,, but does not

TYPICAL
filter which finds application in PUT DIELECTRIC , INPUT SHUNT . MID-SHUNT TWO LAYERS OF QUTPUT
3 : CONNECTOR ' WASHER BEAD" CAPACITOR  "BEAD" CAPACITORS DIELECTRIC INSULATION CONNECTOR
some systems. Yttrium iron gar-
nets are used to construct minia-
ture cavities (YIG filters) which
can be eleetrically tuned over oc-
tave bandwidths. = - S R
HELIX DIELECTRIC SPACER TUBULAR HOUSING

Some Microwave Filter
Characteristics

Microwave filters have some
special characteristics and exhibit

Fig. 3. This hybrid filter {A) and its

TITITL
I T7T

(A}

equivalent circuit (B} is typical of
helical tusilar band-pass  types.
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continue indefinitely to some higher operating frequency.

Waveguide filters can cause problems because each stan-
dard waveguide range covers only a relatively small portion
of the frequency spectrum, or a useful frequency range of
roughly thirty percent. On the low side, the waveguide
itself cuts off and behaves like a high-pass filter. Above the
useful range, energy propagates in modes other than the
fundamental TE;, mode, and thus structures which are
designied to work within a given waveguide range ave only
useful in or below that range. A waveguide band-reject fil-
ter will not pass frequencies below the waveguide’s cut-off
point even though it may yield the desired “noteh” and
close-in passband performance.

Microwave filter users should be aware of the limitations
of typical coaxial and strip-line structures. Filters such as
those shown in Figs. 1 and 2 are designed using distributed
techniques and, in general, these structures become peri-
odie with frequency. Typically, microwave bandpass filters
constructed with quarter-wavelength resonators exhibit
additional passbands at odd harmonies of their center
frequencies. Bandpass filters constructed of half-wave reso-
nators exhibit additional passbands at all harmonics. Low-
pass filters or elements are often used in conjunction with
bandpass structures to eliminate harmonic problems. Co-
axial and strip devices ean also exhibit mode problems
(i.e., spurious responses in their reject bands) when the
dimensions of their structures become significant compared
to a wavelength at some higher frequency. A good filter
designer will consider these problems, based on the speeifi-
cation given.

Fortunately, all microwave filters irrespective of their
type—low-pass, bandpass, band-reject, ete—are defined
essentially by the same parameters. Thus, the nomencla-
ture or the specification of parameters becomes relatively
simple. The characteristies relating to the theoretical de-
sign or method of synthesis is something for the microwave
engineer to know, understand, and use, but are not neees-
sary knowledge Tor the systems engineer (except in sophis-
ticated or very special applications). Thus, the non-filter
designer need not be fretful if such terms as Chebyshev,
Butterworth, Butterworth-Thompson, Cauer, elliptical, or
Gaussian-type responses seem foreign to him. Essentially,
the microwave filter user must know “what frequencies are
to be passed and what frequencies are to be stopped, how
much loss is allowable in the passband and how much
rejection is required in the stopband.” More specifically,
the applicable electrical paraineters can be set forth by the
following:

Passband frequency range

Passband insertion loss

. Passband v. s. w. r. and/or amplitude ripple
. Average power

Peal: power

Impedance

. Stopband frequency range

. Stopband rejection

9. Phase

10. Group time delay

The last two characteristics were placed at the end pur-
posely because they are only significant in certain short,
fast-rise-time pulse and narrow-band FM systems. The list
negleets two significant paramelers not controlled by the
filter designer—the source and load impedances. Uncon-
trolled source and load impedances can degrade filter
performance and cause voltage breakdowns in a perfectly
designed filter. A vsavr. of 1.3:1 for componenis or
networks adjacent to the filter should give good results.

Make or Buy Your Filter?

Much pressure is being put on systems engincers to de-
sign their own filters. At first glance, there seems to be
some valid reasons for this. Miniaturization requirements

I R S
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Fig. 4. A two-section
resonant-cavity filter.

and the advent of integrated circuits for the computer and
acrospace industries have caused all technologies to be
looked at in other than traditional ways. Strip-line circuitry
has shown the obvious possibility of elininating conneetors
between networks or components. System sophistication
has increased the communications and interface difficulties
between contractors and vendors. And, tons of handbook
material have been published about microwave filters in
the past several vears.

But, a filter should be made in-house only when the
proper engineering ability is available, and then only if
there are complementary pragmatic skills available to take
over where the handbooks and theorists leave off. On the
other hand, buying a microwave filler is relatively easy.
There are many companies which specialize in microwave
filters and have the facilities to provide certain types of
filters as catalogue or near-catalogue items. At the very
least, they ean advise on feasibility based on specifications.
Thus, the answer is obvious. It’s usually casier and cheaper
to buy filters.

The prices of microwave filters depend on the type, the
complexity, and the environmental conditions nnder which
the filter must operate. Typically, tubular filters require
less machine and fabrication time and therefore are nor-
mally less expensive than other filters. Tubular low-pass
filters of transmission-line or helical construction sell for
just under $50 to $300. Tubular high-pass and bandpass
filters cost between %100 and $400. Basic waveguide cavity
filters may be priced from $250 to 8500, but higher-order-
mode waveguide devices can cost $3000. The comb-line
and interdigital filters fall in the $250 to %500 calegory.
Tunable coaxial presclectors may cost as much as $750.
Printed strip-line filters may cost between $30 and %200, in
quantity, after the initial photography and artwork costs
have been wnortized. Incidentally, this pricing information
is given as a guide and the reader should realize actual costs
are based on a particular specification.

Future Developments

It is doubtful that revolutionary microwave filter break-
throughs will be made in the next year. The trend will con-
tinue toward miniaturization compatible with 5-mm con-
nectors through the use of smaller or printed structures.
The development of low-loss, high-dielectric materials
should also continue, and there should be inercased use of
lhelices and other slow-wave structures. The big break-
through will come when microwave transistors become
readily and economically available and can be utilized as a
reliable basie building block in new hybrid or integrated-
circuit active microwave filters. Until that time, microwave
filters will probably remain essentially as we know them
today. A
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The author is an electrical engineering graduate of the
Massachusetts Institute of Technology and a member of
the Institute of Electrical and Electronics Engineers. He
also serves as Chairman of Committee P.3.6 on electric
wave filters of the Electronic Industries Association.

R.F. Interference Filters

By BENEDICT ROSEN / Asst. Manager, Filter Div., Sprague Electric Co.

Modern electronic devices with low power levels and high sensitivities
require improved EMI filters. The challenge for the filter designer
is to develop smaller components and to improve packaging techniqites.

LMOST every new eleetronic device demands a place
in the frequency spectrum free from mterference of
all others. And, the great majority of these new

components are more sensilive to “noise” than their prede-
cessors. In many cases, clectromagnetic interference (LEMI)
filters are called upon to protect complex systems, such us
missiles and computers as well as simple clectronic devices,
from performance degradation due to outside electromag-
netic interference and to keep unwanted radiation “inside”
away from other sensitive circuits.

Filters are available in an almost infinite variely ol
shapes and sizes. Extremely large power-line filters are
used m shielded rooms to protect communicalions equip-
ment from transients. On the other hand, subminmature fil-
ters have become commonplace. These tiny deviees are able
to fit into the head of a multi-pin connector with 50 or

In general, most of the smallest and lightest interference
control filters used in military and industrial electronic
and electric equipment are packaged in cylindrical-shaped
cans. This design uses to advantage the natural shape of the
rolled capacitor sections and the toroidal inductors which
form the filter. In addition, the design facilitates mounting
the units on panels, or with threaded necks, on bulkheads.
The feedthrough characteristics of this class of component
enhances filter effectiveness by eliminating mutuval coupling
between input, or noise source, and the output terminals.

more of the units requiring less than one square inch of
spacc. In both filter types, all kinds of capacitors—paper,
film, electrolytic, and ceramic—and induclive elements—
ferrites, powdered iron, ete—are utilized in the construc-
tion. The selection of the proper capacitor-inductor unit is,
of course, entirely dependenl on the intended application.
A smiall ceramic feedthrough device may cost as little as 50
cents; the price of some high-current power-line filters runs
as high as $1000. A typical single-line, 1-to-5-ampere, 200-
V d.c. or 117-V a.c. filter sells for $2 to $10 in large quan-
titics. These are generally manufactured in a eylindrical
configuration and arve by far the most widely used EMI
filters. Size is pretiy mueh a function of both currrent and
voltage—increasing with thicker dieleetries for higher volt-
age ralings and larger core volumes for higher currents.

Stability

Most filters which use film capacitors are relatively sta-
ble with voltage, and temperature. However, insertion loss
varies with frequency and curvent. Current instability is
due almost entirely to the change in permecability of the
core malerial with saturation. This phenomenon 1s well
known and is exhibited, to some degree, by all inductors
which use magnetic malerial. Frequency instability, on the
other hand, is a result of changes in component imped-
ances with frequency and other distributed parameters. An
“L” circuit filter, for example, will generally have dips in
its msertion loss curve somewhere belween 1 and 100 Mz,
depending on the resonant frequency of the coil.

Temperalure and voltage stability have become signifi-
cant additional considerations with the newest line of inter-
ference filters—those containing ceramic capacitors and
ferrite inductors. Both ceramics and ferrites are susceptible
to temperature fluctuations. In addition, the ceramic ca-
pacitor is the first shunt element used in EMI filters which
exhibits a substantial voltage instability. This characteris-
tic presents a potentially serious problem since some widely
used components show variations in insertion loss of as
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Some typical subminiature electromagnetic interference filters. Low-pass filters like these are used on low-voltage power
and control lines where the low impedance of the power source must be maintained. Many manufacturers have found that
their small size, light weight, and high performance are particularly suited for use in high-density packaging applications.

much as 15 to 20 dB over the specified operating voltage
and temperalure range.

Impedance

Typically. interference filters are measured in a system
where both the mput and output impedances are 50 ohims.
This 50-chmn system is not too far from rveal life at ligh
frequeneies (for our purposes here. we are considering fre-
quencies above 10 MHz high frequencies), but at frequen-
cies up through the low megahertz region, the real terminat-
ing impedance can be almost anything. The reactance of a
line, for exanple, varies conlinuously from positive to
negative as a tfunction of frequency.

Since manufacturers’ catalogues generally describe the
performance of interference filters in a 50-0hm system, se-
lection of parts on this basis alone cannot help but result
i problems. There are, however, several general rules
which, if followed, can reduce the hit-or-miss aspects of
filter selection. TF the installation in which the unit is to be
used is o low-impedance capacitive system, an inductor
facing this irmpedance would be desirable. Obviously in this
situiation a capacitive mput filter would be of little value
~siuce the. input capacitor 1s in parallel wilth the system
capacitance. On the other hand. the effects of even a small
inductor at 100 kHz will be significant. Conversely, il a
system is mductive, it would be helpful to have a capacitor
facing this high impedance.

Filter selection can be further complicated if the suppres-
sion of switehing transients is required. Somelimes the ad-
dition of a =hunt capacity to a circuit amplifies the signals
it wus intended to suppress. This characteristic is due to
stored encrgy in the capacitor being discharged and creal-
ing large current loops which normally would not have
existed.

The assumption that a filter which provides G0-dB at-
tenuation at 150 kllz in a 30-ohm system reduces interfer-
ence in the system by that amount is, more often than not,
crroneous. Most filter manufacturers, however, have per-
sonnel who are able Lo assist system designers and provide
genceral filter-application guidelines. The major point, how-
ever, is that insertion loss cannot be assumed from a list of
specs published in a catalogue. Proper consideration must
he given to the system’s characteristies.

Once a filter which performs a desired function is speci-
fied, it is important that the same cireuit configuration and
approximate values be used in subscquent devices to as-
sure system continuity. From the standpoint of cost and
size, it is equally important that only nccessary perform-
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The minimum full-load insertion loss characteristics of sub-
miniature EMI filters are measured in accordance with MIL-
STD-220 and usually fall within the band shown in diagram.
Ideally, the loss characteristic is flat, however components
resonating at specific frequencies cause some dips and peaks.

ance characteristics be specified. For example, if filtering is
only required from 100 kHz through 1000 MHz, it is usual-
lv unnecessary lo incorporate feedthrough capacitors. Less
expensive capacilors and manufacturing processes will pro-
vide adequate performance. Also, unless lower frequency
characteristics are actually needed. very high premiums in
size, weight, and cost will result if attenuation within this
range is also specified. In installations requiring low-fre-
quency performance, iUs desirable to use polarized clec-
trolvtic capacitors. This allows a much smaller package to
have the same performance as a unit using conventional
paper, ceramic, or film capacitors.

Another factor in the cost os size battle between the
product designer and product user relales to the specifica-
tion of voltage. current, and temperature ratings. It is quite
common for users who will need 2-ampere circuits to speci-
fv three or four amps as a safety margin. The cost and size
for this luxury increase significantly, and are certainly out
of proportion to the end result when the design capabilities
of the manufacturer and his safely margins are considered.
In order for a supplier of filters to minimize cost, weight,
and size and yet provide the desired filter, the user should
specify as nearly as possible his actual requircments in
terms of insertion loss, current, voltage, and temperature
ralings, and, if possible, the general circuit configuration
in which the filter is intended to be used. As an added bene-
fit, the user obtains the needed component quicker.

In general, rf. interference filters are conservatively
vated with respect to voltage and current. Thus, they are
widely used in military equipment where conlinuous opera-
tion within a specified ambient range is a must. A

Here are electrical circuits of subminiature electromagnetic filteis shown in photo above. The two L filters are found in parts
1JX1001-1002, respectively. Part 1JX1003 has a pi network (C) while T network (D) is found in part 1JX1004. Remaining double-
L configurations (E, F) are found in parts 1JX1005-1006, respectively. The pi and L circvits handle 0.5 A; T and double-t, 0.4 A,
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The author received his B.S. from Moore School of Electrical
Engineering, University of Pennsylvania, in 1950 and his
M.S. in electrical engineering from MIT in 1952, From 1952
to 1960, he was a staff member of MIT's Research Labora-
tory of Electronics, participating in the development of mis-
sile guidance and electronically scanned radar systems and
in the design of a satellite gravitational red-shift experi-
ment. He has been with Damon since 1961 where he has
been active in the design of quartz crystal devices. He was
named to his present post in 1968 and is now engaged
in the development of monolithic piezoelectric devices. He
is @ member of IEEE, Eta Kappa Nu, Sigma Tau, Tau Beta
Pi, and is an associate of Sigma Xi. He holds a patent in
the area of phased arrays employed for missile guidance.

Crystal Filters

By ROBERT L. KENT/ Engineering Manager, Electronics Div., Damon Engineering, inc.

Like other electronic components, crystal filters shrank physically when
performance and reliability improved. They offer users the maximum in
stability and selectivity, are favored in military, commercial applications.

N the beginning. erystal filters conld ouly he used in

equipment where size and weight were of little con-

sequence. After World War I, weight and velume went
down while performance and reliability went up an order
of magnitude. Now there is a monolithic erystal filter which
again culs size and costs, has greater veliability, and better
lemperature stability.

Crystal filters are used wherever the bandwidth occupied
by a desired signal is no more than a few percent. preferably
no more than a few tenths of one percent, of the operating
frequency. Extremely narrow bandwidihs are attainable
because of the imherent high “Q” of the quartz resonator.
A Q7 of 100000 is as readily obtainable with a quarlz
crystal at 10 MHz as a “Q” of 100 with an LC resonant
circuit.

High-frequency erystal filters have made a major impuct

1.8pF

.007 pfF

(__
Q=90,000

Fig. 1. The equivalent circuit of a 10-MHz quartz crystal.

2 5ohms 36mh

Fig. 2. The unbalanced half-lattice uses two crystals and
is building block for more complex filter configurations.
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on hf. narrow-band communications. Syslem performance
characteristics have been improved and complexity reduced
through the use of single-conversion receiver designs em-
ploying crystal filters. A more recent application is in the
area of frequency synthesis, where erystal filters are used
to clean out spurious signals caused by mixing and other
non-linear synthesis operations.

What Users Should Know

s

Before discussing “why” and “how” an engineer should
select and use a erystal filter, it is worthwhile to examnine
very briefly some filter designs. As previously stated, erystal
filters arc nurrow-hand devices, They are used to select. or
reject, a very narrow frequency band out of a broad spec-
trum. Quarlz crystals provide the required selectivity when
used i resonant cireuits in conjunction with capacitors and
inductors.

The most common eguivalent eleetrical cireuit of a quartz
crystal is shown m Fig. 1. Shunt capacitance, (', limits the
bandwidth. Similarly, the series resistance, R, along with
temperature stability, places a lower limit on practical
bandwidths.

To obtain a symmelrical atlenuation eharacteristic in a
crystal filter, the shunt capacitance of the crystals is often
“balanced out” by means of bridge networks. The un-
balanced half-lattice (I'ig. 2) is comnonly employed for
this purpose, and becomes the building block with which
more complex crystal filters are assembled.

Table 1. Shape factors for Butterworth (maximally flat) filters.

NO. OF RESONATORS SHAPE FACTOR

(60 dB/3 dB)

2 31.6 :1
3 10.0 :1
4 5.65:1
5 4.00:1
6 3.16:1
7 2.70:1
8 2.37:1
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CENTER FREQ.  3-dB BAND-  SOURCE & LOAD

(MHz) WIDTH (kHz) RES. (kohms)
4.0 0.5 1.0
4.0 2.0 3.9
9.1 2.5 1.8

10.7 7.0 1.5

10.7 16.0 3.9

21.4 7.0 0.36

21.4 16.0 1.0

30.0 10.0 0.25

Table 2. Typical terminations for monolithic crystal filters.

A six-crystal filter is shown in Fig. 3. Note that a single
“hybrid™ transformer can serve two of the filter seclions.

The number of crystals which the filter uses is usually
determined by the “shape factor,” ie., the required selec-
tivity. The shape factor is a ratio of bandwidths measured
at two different attenuation levels, such as —60 dB and —3
dB. The shape factors for Butterworth (maximally flat)
filter designs are listed in Table 1. Other designs optimize
such characteristies as group delay uniformity or phase
lincarity for a specified shape factor or the number of reso-
nators.

The range of 3-dB bandwidths obtainable with high-
frequency (1-36 MlIz) fundamental-mode erystal filters is
tyvpically 0.005 percent to 2.0 percent of center frequency.
Best performance and lowest cost are obtained by favoring
fractional bandwidths between 0.01 percent and 0.5 percent.

Monolithic Crystal Filters

Conventional erystal filters are composed of discrete erys-
tal resonators, inductors, and capacitors with their electrical
interconnections. In a monolithic crystal filter, the electrical
coupling components and connections arve replaced by an
elastic coupling medium, namely the quartz plate itself. A
monolithic filter consists of a single wafer of erystalline
quartz into which are deposited two or more pairs of elec-
trodes, as shown in Fig. 4. Each region between a top and
hottom electrode becomes a resonator, with the arca of
vibrational activity extending outward for a small distance
bevond the electrode region. The degree of elastic coupling
between adjacent resonators is a function of the distance
between electrode pairs,

The monolithic filter works this way: A vibralion is set
up (piezoelectrically) across the erystal’s input resonator
by the application of a high-frequency electrie field. This
vibration is coupled elastically to successive resonators until
it finally reaches the output resonator. There, the mechan-
ical vibration is transformed by the piezoelectrie eftect back
into electrical energy.

The electrical characteristics of monolithie erystal filters
arc comparable to those of their conventional ancestors, The
size and complexity are much reduced, however, resulting in
a device that is more reliable and costs less. At 21.4 MHz,

A conventional 4-pole crystal filter used in Talos missile sys-
tem, with a center frequency of 2.5 MHz, 1.5-kHz bandwidth,

for example, a four-resonator monolithic filter housed in a
low-profile TO-5 transistor case occupies only 1/60th of a
cubice ineh and ean be bought in large quantities for less than
$10 cach. By employing these devices with other integrated
circuitry. a complete high-gain narrow-hand monolithic 1.f.
amplifier can be packaged in a volume of 15 cubic mch.

Considerations Affecting Cost

The cost of a erystal filter can range from less than ten
dollars to several hundred dollars, The major factors deter-
mining price are:

a. Quantity required—the multiplicity of parameters
makes standardization of models impossible, with few ex-
ceptions. The engineering cost associated with a new design
is normally amortized over the number of units purchased.

b. Complexity (number of erystal resonators )—determines
assembly and alignment time as well as materials cost,

¢. Degree of difficulty and special testing requirements—
by avoiding the extremes shown on design charts. and by
limiting the specification requirements to whal is veally
needed, this cost element can be minimized.

Choosing the Filter

A rather common error in the design of electronic systems
that employ sophisticated components is to leap first and
look later, If the salient characteristics and limitations of
the major components can be borne in mind from the carli-
est phases of the design, a better and more economical sys-
tem will result.

Therefore. a designer who is planning to employ crystal
filters in his system should consider the following areas:

a. Fractional Bandwidths:

For best performance and lowest cost. choose intermediate
frequencies so that the required bandwidths fall hetween

An assortment of monolithic crystal filters covering the frequency range of 3-30 MHz and bandwidths of 500-15,000 Hz.
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Cy Fig. 3. A single hybrid
transformer can be used
to serve two filter sec-

OuUTPUT

Fig. 4. Monolithic filter consists of a single quartz wafer
on which two or more pairs of electrodes are deposited.

0.01 percent and 0.5 pereent of center frequency. At fre-
quencies from 85 MHz to 70 MHz it is necessary to employ
third-overtone resonators, and the bandwidth limits become
0.005 pereent and 0.05 pereent of center frequency. Over-
tone erystal filters are more costly than fundamental-mode
filters; morcover, it is usually possible to obtain the same
bandwidth at a lower center frequency with fundamental
crystals.

b. Stability with Time and Tenperature:

Quartz crystals arc extremely stable devices. Typical
aging rates of high-frequency filter erystals are 5-10 parts
per million per year. The variation of frequency with tem-
perature is typically (maximum) =10 parts per million
from 0°C to 50°C, or =20 parts per million from —40°C
to 100°C. For bandwidths greater than 0.1 percent of center
frequency, the effects of other discerete components upon the
aging and temperature characteristics can be greater than
cifeets of the crystals themselves. The system configuration
and filter bandwidths should be chosen to minimize the
cffects of time and temperature upon system performance.

c. Milter Terminations:

Conventional (non-monolithic) erystal filters normally
contain tuned transformers and inductors, making it a
simple matter for the filter designer to shift from the charae-
teristic terminating impedanee of the filter to whatever value
the user chooses to provide. There are, however, several
points worthy of consideration in this regard:

1. If a pure resistive termination is specified, the shunt
capacitive reactance should be at least ten times greater
than the terminating resistance. 2. A tolerance of =35 percent
on the terminating impedance is normally required in order
to obtain best performance. If this is inconvenient for the
user to provide, resistive padding can be incorporated
into the filter. The result is an increase in insertion loss.
3. A reactive terminating impedance, such as 20 picofarads
in parallel with 50 ohtus, can usually be accommodated in the
design. At 30 MHz, for example, a capacitance in parallel

Table 3. Case sizes for monolithic crystal filters.

CASE TYPE VOLUME NO. OF LOWEST FREQ.
(cu in) RESONA- (MHz)

TORS

TO-5 0.016 2-3 15
2-4 20

TO-8 0.07 2-4 8
4-6 20

Flat Pack 0.4 2-4 3
4-6 6
6-10 10
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lD —_ tions in this circuit.
1
X2

with 50 ohms might be specified as 20 =10 pI, since 10 pI°
has a reactance of about 500 ohms. 4. At [requencies above
10 MHz it is generally desirable to specify a low terminating
resistance such as 50 ohms. This minimizes the detuning
effects of parasitic capacitance. 5. Monolithic cryvstal filters
usually do not contain tuned inductors or transformers. In
order for the user to exploit fully the size and cost advan-
tages of the monolithie filter, he must design external eir-
cuilry to present the terminating impedance required by the
filter. Typical values of terminating resistance for monolithic
filters arc given in Table 2. The impedances shown are for
filters operating in the h.f. band.

d. Other Specifications:

1. Shape factor. more than any other characteristic, de-
termines the number of resonators vequired. A Butterworth
(maximally flat) design provides 6 dB attenuation at twice
the 3-dB bandwidth for cach independent resonator, or pole.
A six-pole Butterworth filter, for example. would yield a
shape factor from 36 to 3 dB of 2:1. A Chebyshev (equi-
ripple passband) design will be steeper in cut-oftf, while
a Bessel (maximally flat time delay) design will provide a
considerably more gradual attenuation characteristic. 2. Re-
jection of spurious responses. Inharmonic overtone responses
of filter crystals can produce undesired “spurs” at frequen-
cies removed from the passband. Spurious responses gen-
erally appear in wider bandwidth filters, especially those
comprising only one or two cascaded sections. Inharmonie
overtones of high-frequency erystals typically occur at fre-
quencies 1-3 percent above the fundamental resonance. This
fact can sometimes be advantageous in the selection of a
local oscillator frequency. 3. Ultimate attenuation (approxi-
mate rule of thumb): narrow erystal filters—380 dB per
seetion; wider crystal filters—20 B per section; monolithic
filters—20 dB per resonator below 10 MHz, 15 dB per
resonator above 10 MHz. 4. Insertion loss: 1 dB to 6 dB,
increasing as either the upper or the lower bandwidth limit
is approached. 5. Ripple in passband: typieally =05 B
over wide temperature ranges; 0 dB for rounded-nose
(Gaussian or Bessel} types. 6. Volume: conventional erystal
filters—1-21 cubic inches. Size increases with number of res-
onators and with deercasing frequency. Monolithic filters—
sce Table 3.

Looking Ahead

Withiu the next five years, manufacturing techniques will
be developed for large-scale production of sophisticated
monolithic quartz filters. Commercial usage of monolithic
filters in home entertainment and ham radio will become
ceconomically feasible, resulting in a large market for the
devices.

Because of its small size, the monolithic filter will be
trecated more like a miniature integrated-circuit module
than a complex subassembly, Unit prices as low as $3-%1
are not inconcetvable.

Another area of increasing interest is the use of new piezo-
clectric synthetic crystal materials in filters. Zinc-oxide and
other metals are currently being explored as possible reso-
nator materials. The attraction of these materials stems from
the fact that greater piczoclectric coupling coefficients exist
than with quartz. Sophisticated filters with fractional band-
widths of 1-10 percent could then be achicved in the high-
frequeney range, closing the gap that currently exists be-
tween quartz crystal devices and LC filters. A
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Ceramic Filters

By REG ZIMMERMAN / Clevite Corp.

The author joined Clevite in 1958 as Sales Engineer for the
Piezoelectric Division, subsequently moving to the Brush
Instruments Division of the firm. He rejoined the Piezo-
electric Div. in 1965. He received his BEE from the Univer-
sity of Detroit. During World War 1l he served as Commun-
ications and Navigation Officer with the Navy in the Pacific.

Filters like these are a “must” for high-density packaging. An extremely
high performance level and rugged construction boost equipment efficiency.

HE trend in military and commercial communications

cquipment for minimized components using IC inte-

gration has created a demand for extremely. small
filters that are rugged, reliable, and have relatively
high sensitivity.

Filters made of ceramie, the newest material for the fabri-
cation of handpass filters, have these characteristics. For ex-
ample, a filter with seventeen high-“Q” tuned circuits for
bandwidth ratios of 1.1 to 1 from 70 dB to 6 dB attenuation
can be packed in a 0.312-inch diameter tube less than 1.6
inches long.

Tlhie uniqueness of the ceramic filter results from the prop-
crties of the lead zirconate-lead titanate resonators. These
resonators have a mechanical “Q” of 150 or 1600, depending
on the particular composition. In addition, ceramic reso-
nators are piezoelectric—by bending, squeezing, and twist-
ing, the material directly converts mechanical movement to
clectrical energy. By reversing the process, it converts elee-
trical energy into mechanical movement. The high electro-

mechanical coupling provides wide-band filters with low
insertion loss.

Typically, ceramic disks which measure about 0.2 inch
i diameter by 0.010 to 0.0 inch thick resonate at 433
kHz.

How Do They Compare?

Ceramic Filters: Ceramic filters have been developed to
operate at frequencies from ) Hz to 107 MHz. As was
rmientioned carlier, ceramic resonators have “Q's” of 430
and 1600. The higher “@” materials make narrower band-
width filters feasible. Higher “@Q” materials also reduce m-
sertion loss.

The stability of ceramic is 0.2% of the center frequency
from —10°C to +85°C. This is equivalent to the best grade
of LC filters, but not as good as mechanical or quartz filters.
This can be offset by two design techniques. First, due to the
steep sides of ceramice filters, the 6-dB bandwidth can be
widened to allow for temperature change. Second, sinee the

Fig. 1. These ceramic filters operate from 9 to 50 kHz and from 300 to 770 kHz. They are ideal for high-density packaging.
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Fig. 2. A group of resonators. (Left) resonates at 9 kHz,
{center) at 167 kHz, and small one on the right at 455 kHz.

frequency change with temperature is a pereentage of the
center frequencey. lowering the center frequency will reduce
frequency shift. Thus, a 500-kIz ceramie filter has the same
stability as a 13-MHz quartz filter.

LC Filters: LC filters can be used over a wide [requency
range. but their lmiting factors are temperature stability
(dependent on core material) and Q. In general, “Q”
(c.f))/ 3 dBB (bandwidth) is less than 100 for LC filters.
Powdered iron cores have good stability but low permeabil-
iy, lowering the "Q” of the inductor. Ferrite cores, on the
other hand. offer higher permeability but at the expense of
temperature stability. Also. low-frequencey filters require
large cores, thus inereasing weight and size. One more point,
the tow Q" in LC filters produces a filter with a higher in-
sertion loss when seetions are eascaded to steepen the sides
of the passband.

Mechanieal Filters: Mechanical filters have a Q" of 7000
and excellent temperature stability. These properties favor
narrow-band filters (less than 1) such as single-sideband
filters. However, the mechanieal filter requires a transducer
to convert eleetrical energy to mechanical energy and an
other transducer to reconvert the mechanical energy to elee-
trical energy. This, in turn, increases insertion loss.

Quartz Filters: Quartz filters have “Q’s” ranging from
50.000 to 100.000. Their temperature stability is excellent.
but they are generally more expensive than LC or eeramic
fitters. Bandwidths are usually limited to less than 19 ol
center frequeney unless broadbanding mductors are used.
However, competitively priced products are available at
10.7 MHz.

Three Designs

Currently, three resonator designs are used in manufac-
turing the filters shown in Fig. 1. The split ring shown in
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Fig. 3. Circuit and performance curve of ceramic resonator.
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Fig. 4. Two-resonator circuit
and its electrical equivalent.
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Fig. 2 resonates at 9 kHz but it ean be tuned to 50 kilz
by widening the slot. This thin disk, which has an inductance
value equivalent to about 50 henrys, vibrates al its resonant
frequency by the expansion and contraction of the slot.

The center thin disk vibrates radially at its overtone
frequencey, popularly 435 kHz. 1 operated in its fundamentat
inode, it would vibrate at 167 kHz. Differences in the elec-
trode area on a given disk rvesult in an impedance trans-
formation so that the filters of this type can replace the
common 1L{. transformer, yielding higher “Q7, smaller size,
greater temperature stability, and greater selectivity.

The small-sized disk (at right) is the basic resonator
used for oscillator control and for tadder filters. It utilizes
the radial mode of vibration. i.e., it expands and contracts
radially. Its resonant frequeney is determined by its diame-
ter.

A fully electroded disk has an overtone at 2.3 times
its fundamental frequency which ean be suppressed or en-
hanced by varying the area the cleetrode covers. The center
of the disk is a vibrational node point. Electrical conneetions
are made by pressure contacts at the center of the disk, The
equivalent cireuit and the curve of impedance versus fre-
quency are shown in Fig. 3.

In single-resonator circuits, the equation for the 3-dB
bandwidth pomt is B = f,/¢, where f, is the eenter fre-
queney and QL is the loaded Q.

Single resonators can be used to control oscillator fre-
quencies or to replace emitter-bypass capacitors and sharpen
the frequency response of transistor radio receivers.

Generally, two or more resonators are required to develop
the desired bandpass eharacteristies. The basie two-reso-
nator circuit and its electrical equivalent cireutt are shown in
Iig. 4.

The two-resonator sectton is referred to as an L-sec-
tion. Assuming £35-kHz 15 the desired f,, by tuning the low-
mpedance point (f,) of the series resonator and the high
impedance (f,) of the shunt resonator to f,, the minimumn
signal attenuation will be at f,. Likewise, the points of max-
imum signal attenuation will be at f, of the series resonator

v

Table 1. Specifications and applications of resonators,

6-dB Bandwidth Stop- Typical
Bandwidth Ratio band Applications
Range at f, (60 dB/6 dB) Rejec-
tion (dB)
17-DISK
210 85 kHz 1.4 10 2.5 (de- 60 Military receivers,
al 455 kHz pending on band- missiles, commercial
width) airline receivers
9-DISK
6 1o 40 kHz 2.0 50 Militory walkie-talkies,

at 455 or 500 kH:z aircraft communicotions,
gircraft navigation, trans-

ceivers (AM & FM), loran

TUNED CIRCUIT PLUS 4-DISK

410 12 kHz 2.5 10 3.0 60 Sideband receivers, AM &
at 455 kHz FM receivers & transceivers
TUNED CIRCUIT PLUS 6-DISK
30 to 35 kHz 1.8 60 Aircsaft communications,

of 455 kHz navigation transceivers

SPLIT-RING RESONATOR

2% of 1o 6.5 25
at 9 to 50 kHz {for 20 dB/6 dB})

Sonar systems, radar sys-
tems, v.l.f. receivers,
drone control

SPLIT-RING RESONATORS
19, of 1, 18 60
ot 9 to 50 kHz 3 (for 20 dB/6 dB)

Sonar systems, v.I.f.
Teceivers

OVERTONE RESONATOR
8 1018 kHz S (for 20 dB/6 d8) 20

at 455 and 500 kHz

Low-cost receivers, marine
radios, (B equipment

ELECTRONICS WORLD

WwWWwW.americanradiohistorv.com


www.americanradiohistory.com

and [, of the shunt resonator. If resonators with the same
Af are used, the attenuation curve illustrated in Fig. 5 will
result.

The C, of the individual resonator is determined by the
clectroded area, the dielectrie constant, and the disk thick-
ness. At frequencies above and below the high attenuation
poles, both resouators act like a capacitance divider. The
larger the ratio Cgunt/Ceeriess the larger the attenuation in
the stopband. Since the resonator “Q”, f,, Af, and C, arc all
variable in the manufacturing process, center frequency, the
passhand width, and the attenuation pole locations can be
varied simply and inexpensively.

The nine-disk and seventeen-disk ladder filters are elec-
trically connected L-sections with an extra series resonator
at the end o make the inpul and output impedances equal.
Since ceramic filters have their maximum attenuation just
above and below the passhand, they offer maximum rejec-
tion to adjacenl signals. Most LC and guartz filters have
their maximum attenuation points at frequencies of zero
and infinity. Therefore, ceramic filters in the second if. of
double-conversion receivers complement the attenualion pat-
tern of the r.f. stage and the first i.f. and greatly improve the
receiver’s characteristies. Ceranie ladder filters have stop-
band attenuations from 50 dB to 90 dB, depending on the
model. The stopbands are free of spurious responses from
d.c. to 2.3 times the passband [requency.

Ladder filters are simple to use. They are cspecially de-
signed to match resistive loads of 1000 to 2500 ohims, de-
pendling on the model; and are suitable for use with transis-
torized circuitry (see Fig. 6).

Specifyving Parameters
k ying

When calling out ceramie filler parameters, the design
cugineer should specify minimum stopband attenuation,
maximum insertion loss, and maximum passband ripple as
with other filters types. He should, however, also call out the
minimuin 6-dB and the maximum 60-dB bandwidths,

Generally, filter impedance level is set by the manufac-
turer and is a function of center frequency and bandwidth
and hence cannot be specified by the designer.

The designer should be aware that the filter’s center fre-
quency and bandwidth changes over the ol)cmtma tempera-
ture range. l'or inslance, center ixcqucncv of a 500-kHz
filter will change a maximum of 1 kHz (0.2%) over the tem-
perature range — 10° C and +85° C. The (i—dB bandwidth i~
usually designed so that over this temperature range it stays
larger than the minimun specification. In the frequency
range 300 kllz to 700 kllz, the 6-dB bandwidth achievable

SHUNT f; fa SERIES

Fig. 5. Response curve

x
of the two-resonator s
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circuit shown in Fig. 4. <
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Fig. 6. Ladder filters are designed to match the resistive
loads of 1000 to 2500 ohms found in transistorized circuits.

Fig. 7. 60-dB stopband
in a narrow-band filter ' T—‘
can be achieved when a
tuned LC circuit is com- o

bined with four resonalors

with ceramic fillers range froin approximately 0.5% of center
frequency to 209 of center frequency.

One of Lhe lowest-cost filters designed by Clevite combines
a tuned LC circuit with resonators having the maximum
capacitance divider ratio. Thus, four resonators in a
narrow-band filter design achieve 60-dB stopband attenu-
ation; six resonators are required for wideband filters. The
schematic of this low-cost unit is shown in Fig. 7 and Table
1 lists its specifications and applications as well as those of
some other ty])i(.ll units.

Because ceramnic filters are small in size, very rugged, fixed
tuned, and extremely reliable, their future is bright.

Ceramic filters are competitively priced and are rapidly
making inroads in low-cost entertainment equipment. They
are especially attractive sinee they do not require the in-
stallation alignment of convenlional tuned eircuits.

Ceramic filters have already replaced larger, more expen-
sive LC and mechanical filters in many mobile, portable, and
Citizens Band receivers. They have also repeatedly proven
themselves in military equipnient as the most sclective and
rugged filters for their size and weight. A

BLOCK spurious noise without d.c. losses? It can be
done with a ferrite bead says the Electronic Com-
ponents Division of Stackpole Carbon Co. They claim a
ferrite bead is one of the simplest and least expensive
methods of obtaining r.f. decoupling, shielding, and
parasitic suppression without sacrificing low-frequency
power or signal level.

Unlike conventional r.f. chokes, ferrite beads are
compact; they do not couple to stray capacitance to in-
troduce detuning or spurious oscillations. In addition,
their impedance varies from quite low at low frequen-
cies to quite high at noise frequencies. What else
makes them different? Well, they need not be ground-
ed, but grounding isn’'t detrimental to performance if
they should touch the chassis.

Ferrite beads are available in a variety of sizes,
from 0.038 inch o.d. and 0.150 inch long to 0.120
inch o.d. and 0.300 inches long. They come with
either a single hole or multiple holes through their
length, through which the current-carrying conductor

BEADS BLOCK NOISE

passes. Some beads are being made with leads to
which wires can be soldered.

Here’'s how they work. As noise current flows
through a conductor (passing through a ferrite bead),
it creates a magnetic field. As the field passes through
the bead, the permeability of the bead at the noise
frequency (r.f.) causes the impedance of the bead to
rise rapidly, creating an effective r.f. choke. The high-
er the frequency, the higher the impedance and the
greater the attenuation. Meanwhile, low-frequency cur-
rent passes through the bead unimpeded. Several beads
can be strung together for increased efficiency. A

Typical ferrite bead and its equivalent series circuit.
— V00 —wwww—

WIRE LEAD
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The author has experience in all phases of mechanical filter
research and development. He joined Collins in 1961 after re-
ceiving his BSEE degree from Washington State University. His
initial work was in the fleld of synthesis and fabrication of
crystal filter neiworks. Since 1963 he has participated in studies
of higher order vibration modes for extension of the mechanical
filter operating frequency range, and in the development of
filter design by compuler programs. He was proje:t engineer

Mechanical Filters

By DONOVAN A. SOUTHWORTH /Collins Radio Company

of the mechanical Minifilter and
the design and fabrication of mechanical filter networks.

currently involved in

Mechanical filters are not new, but new maniufacturing techniques and new
filter configurations have made them “tops” in sophisticated transceivers.

LECHANICAL filters were conceived and designed
lo provide a unique commbination of high selectiv-
ity and stability in a compact package at a fow

cost. Many of these filters use a disk-wire construetion
(Fig. 1.) which has become popular in our industey.

The disk-wire filter is a mechanically resonant device
whicli receives an electrical signal, converts this signal into
mechanical vibrations, rejeets unwanted frequencies within
the mechanical structure, and then converts the mechaini-
cal vibrations back into electrical energy. The filter con-
sists of three basic clements: input and output transducers
which convert electrical signals into mechanical vibrations
and vice wersa: high-“Q” mechanically resonant metal
disks; and coupling wires which acoustically transmit ener-
gy belween the disk resonators.

In Fig. 3. if an electrical signal is applied to the input
coil, it produces an alternating magnetic field that passes
through the magnetostrictive transducer attached to the
end disk. The transducer, when magnetically biased and
tuned to vibrate at the impressed signal frequency. drives
the first disk. The short coupling wires connecting the disks
drive the next disk, and so on until the signal reaches the
outpul transducer. The output transducer converts the me-
chanical vibralions into an induced voltage across the out-
put coil and ereates an electrical oulput.

ingineers are busy in Europe and Japan, as well as in
the Uniled States, designing mechanical filters and resona
tors. One popular 1.f, filter design utilizes a wire-coupled
torsional rod. But inuch of the engineering activity involves
units operaling below 50 kHz, where phyvsical configura-
tions other than the disk-wire or rod-wire arrangements are
more suitable for production. In this frequency range, fil-
ters/resonators utilize a tuning fork or flexure mode bar.
The devices commercially available in this range are often
single resonator types rather than multiple-coupled resona-
tors.

Disk-wire type filters are manufactured in the 60- to 600-
kllz frequency range with pass bandwidths ranging fron
0.06% to 109 (see Fig. 2). The shape factor (G0 dB to 3
dB bandwidthi ratio) is typically from 2:1 to 1.5:1 al-
though in certain eritical applications where even better
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selectivity is required, shape factors as low as 1.2:1 are
being built. Frequeney stability with temperature change
can be made equal to the stability of a DT-cut erystal.
This is one of the most widely used erystal cuts in the 200-
Lo 500-kllz frequency range. Modern network design tech-
niques have resulted in passhand response variation of less
than 0.5 dB3; and insertion loss values as low as 2 dB ean be
realized, but a more typical value is 6 dB. Prices start
around $7.00 and are related to performance requirements.

Some Uses

Mechanical filters were originally designed in the U.S,
for use in single-sideband radios. They contributed to the
suecess of such radios in the early 1950°s and are still being
used extensively i single-sideband equipment. The small
size and weight of a mechanieal filter make it very desir-
able for use in equipment such as manpack radios. These
characteristies, in addition to high reliability, excellent fre-
quency stability with temperature, and good cut-oft char-
acleristics, combine to satisfy the stringent requircments of
military or commercial aireraft communications and navi-
gation equipinent. Generally, mechanical filters should be
considered for use anywhere that high performance, small
size, and reasonable cost are required.

Mechanieal filters made in the U.S. employ two basic
transducer types: a nickel-iron alloy wire and a nickel-fer-
rite rod. The filters which use the nickel-iron wire trans-
ducers are essentially self-terminated and have a relatively
high insertion loss. They may be driven from any source
impedance greater than 50k ohms by parallel tuning the
transducer coil, or they may be driven from any impedance
lower than 200 oluns by series-tuning the lransducer coil.
The same conditions apply for the filter output. If the cir-
cuit designer finds it to his advantage, a combination of
series- and parallel-luning capacilors may be used.

Filters using ferrite transducers have low insertion loss
and are designed to work with a specific termminating resist-
ance. For standard filters (either wire or ferrite transducer
types), the terminating resistance can be modified using a
transformer or eapacitor dividing network to matech some
other value of termination. For special filter designs, the

ELECTRONICS WORLD
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Fig. 1. Varying the coupling of a multi-element mechanical filter changes its bandwidth. Bandwidths range from 350 Hz-50 kHz.

terminating resistance mayv he specified in the range from
30 lo 100.000 ohms. Essentially, the value of resistance de-
termines whether the filter is parallel- or series-tuned. For
low-impedance applications. such as conventional transislor
circuits, the filter is tuned to series resonance. For high-
impedance requirements—FLET’s, vacuum tubes, ete., paral-
lel tuning is used.

All standard mechanical fillers are designed with both
input and outpnl terminals isolated from ground. This
climinales the need for isolation transformers m applica-
tions using balanced loads. However, it 1s necessary to
ground the flter case (either a terminal or mounting studs
are provided for the ground connection) . In any case. opti-
mum selectivity is achieved when the coupling or “feed-
through” between input and outpnt terminals is minimized.
I proper care is exercised, 120-dB discrimination 1s at-
tainable.

Picking the Right Filter

Soine of Lhe characteristics to be considered when speci-
fving a filter ure: 1. center frequency or carrier lrequency:
2. required passband width; 3. selectivity or skirt cut-off;
. maximum passband ripple ar response variation; 5. max-
imum insertion loss: 6. source and load impedances; 7. op-
erating lemperature range; §. other environmental require-
menls, ¢.g., shock and vibration; 9. package configuration:
10. special requircments, if any, such as particular phase
shitt or envelope delay requirements.

Confusion frequently exists when talking about “pass-
baud ripple.” Passband ripple is sometimes mmterpreted to
nmean the ratio, in dB. between the maximum and mini-
mum amplitude oi immediately adjacent peaks and valleys,
and does not define amplitudes relative to other peaks and
valleys in the passband. A more nieaningful interpretation
is to use the term “response variation” since it alwayvs de-
scribes the worst-case condition. This term means the ratio
in dB between the maximum amplitude and the minimum
amplitude ocenrring anywhere across the enlive passband
whether these points are adjacent or not. It is important
that thie equipment designer realize how a particular manu-
facturer defines this characteristic since it may affect the
performance of his equipment.

When specifying a filter, the cirenit designer should re-
imeimnber that the more stringent his requirements, the high-
er the cost of the filter. It is usually worthwhile to analyze
circuit performance so that the filter will not be “over-
specified.” Conservalive design is always good engineering
practice, as long as the designer recognizes that this might
increase his costs.

The general outlook for the tuture of mechanical filters
is excellent. New filter configurations are being investigated
which will result in further advances in the state-of-the-art.
I'or example, lattice configurations, which give the filter
designer another degree of freedom, are being utilized. Fil-
ters with built-in delay equalization are being realized, re-
sulting in characteristics that heretofore could be achieved
only with an expensive filter and a separale expensive
equalizer. Plezoclectric ceramic transducers are being used
to give another design approach for filters with require-
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ments that were previously unobtainable. Techniques for
achieving better selectivity by means of bridged coupling
wires have been developed and metallurgical techniques are
being expanded to give even better operating tempera-
ture characteristics. In addition, advances in manufacturing
processes have made it possible to miniaturize and build
highly sclective filters in less than a 0.07-cubic-inch pack-
age.

Mechanical filters liave far exceeded the original require-
ments for which they were conceived. Future developinents
in mechanical filter technology will conlinue to place em-
phasis on high quality and sophisticaled filter requirements
in minimuin size and at lowest cost. A
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Fig. 3. An electrical analogy of « typical muiti-element
mechanical filter. The mechanical vibration of the input
transducer is coupled by successive disks to the output mag-
netostrictive transducer where the vibration is converted
into electrical energy. The equivalent circuit is also shown.
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Active Filters

By JAMES L. HOGIN/ President, Linear Networks Company

Filters of this type are able to duplicate frequency responses of
passive LC networks. But, as an added bonus, they provide gain.

CTIVE ftilters differ from passive filters in that their
operation depends, just as a transistor or any other
aclive deviee, on an external power source. The most

common type of active filter, and the one to be considered
here.is the active RC uetwork made up of resistors, capac-
itors. and active devices. The principal advantage of this
filter is that it duplicales the frequency characteristics of an
LC filter without the use of inductors. And, in reality, a
special external power source is usually not required since
the filter is often a part of a system for which power is al-
reacly supplied. An additional advantage is that the active
filter provides signal power gain which a passive filter, by its
very nature, is incapable of giving.

Although active filters perform satisfactorily at the higher
frequencies, they find their greatest use at very low frequen-
cies; frequencies so low that inductive devices are either pro-
hibitively large or are so lossy that they have no practical
value. Some areas in which low-frequency active filters are
used include medical technology. oceanography, seismology.
and others where low-frequency phenomena, such as the
beat of a heart or a movement of the carth, are encountered.

Operation and Characteristics

In active resistunce-capacitance networks, the signal to
be filtered is applied to the input terminals and the resul-
tant filtered signal extracted from the output terminals.
Internally the active filter is considered made up of two
portions: an active portion composed of active devices and
their associated passive components such as biasing resistors,
coupling eapacitors. ete.. and a passive portion consisting of
precision resistors and capacitors which determine the f{re-
quency characteristies of the filter.

5VO+V,

Fig. 1. In the negative-
impedance converter,
the input impedance,
Zi,, is the negative
of load impedance, Z,..
In this case, Vi equals
V. and i, is same as i-.

Virtous active device configurations are used as the active
portion of the filter. \ sampling of the many types is given
m the following paragraphs.

1. The negative-impedance converter, Fig. 1, (common-
ly known as the NIC) is a device configuration which. when
loaded with an impedance at its output terminals, produces

Fig. 2. A gyrator consists of two voltage-to-current convert-
ers whose output current is proportional to its input voltage.

5vi+v<J
1.5k
Q4
1.5k
1.5k
i\ i
5V 2
g-_-’—-—q- $o-V, 4.——‘_$
vi Ve
T | 3 S
1.5k

5vl+v;
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Fig. 3. In a unity-gain
amplifier, Vo = V,
and i = 0. In this
exampla, the voltage
acrass  the load, Vz
is equal to 6.5 volts.

Vo=V
ij=0 S5Vi-Vp

the negative of this impedance at its input terminals. Al-
though the NIC has probably received the greatest amount
of theoretical attention, it is counsidered by many to have
little practical value.

There are two basic types of negative-impedance convert-
ers, thie current conversion (INIC) type shown in Fig. 1 is
where V, = V, and i, = ki; (k = 1 in example), and the
voltage conversion (VNIC) typeis where V; = —kV,and i,
= —i,. For either type the input impedance Z;, is the neg-
ative of the load impedance Z;. The circuit in Fig. 1 can be
analyzed as follows. The base-emitter voltage drop of Q1
as well as the voltage drop of the forward-biased diode is
small, thus the condition that V, = V; is met. When no
signal is applied, all resistor currents are equal by symmetry.
The input current i; splits into V{/R1 down through the
lower left resistor, [i; — (V/R1) ] flows through the emitter
of Q1. Since the collector and emitter currents of a transistor
are approximately the same, the current [;; — (V{/R1)]
flows through the upper left resistor; the voltage across the
collector resistor of @1 is then (R1i; — V), positive at the
bottom, which is also the voltage across the emitter resistor
of Q2 since the base-emitter drop of @2 is small. The upward
emitter, and hence collector, current of @2 is then [¢; (R1/R2)
— (V{/R2)]. But the voltage V, = V, causes current
Vi/R2 to flow in a downward direction in the lower right
resistor. Henee, iy = [(V,/R2) 4+ i, (R1/R2) — (V,/R2)]
=1, (R1/R2).1f R1 is chosen equal to 1?2, then the condi-
tion that ¢, = i; is also fulfilled. The diodes are for base-
emitter voltage drop compensation.

2. The gyrator is an active device configuration which
produces an output current proportional to its input voltage.
In addition, an input current, which is proportional to the
output voltage of the device, flows. In other words, the gyra-
tor possesses a significant reverse transconductance as well
as a forward transconduetance. Essentially, the gyrator cir-
cuit counsists of two voltage-to-current converters (Fig. 2.).

3. The operational amplifier, in addition to its role as a
building block in constructing other active device configura-
tions, is useful when connected in the standard inverting or
non-inverting configuration. It appears that the majority of
modular active filters being manufactured today are the
type which utilize the operational amplifier connected in the
non-inverting configuration.

The unity-gain amplifier (Fig. 3) is probably the simplest
active device to construct. Since the base-emitter drops of
Q1 and @2 are small, V is transmitted directly to the output
causing V, = V. Actually, there is a simall difference voltage
between V', and V7| which is applied across the bases of the
differential transistor pair which is made up of Q1 and @2.
This difference voltage is amplified and coupled to the out-
put through emitter-follower Q3. Since the differential volt-
age drop 1s small, it follows that the input current ¢ is small.
Thus the circuit of Fig. 3 approximately fulfills the standard
conditions V, = V; and i; = 0. The zener diode is for biasing
purposes only.

The 2-pole Butterworth low-pass frequency response func-
tion (Fig.4A),V ./Vy, (s) =1/ (s 4+ V2s + 1), is one of
the simplest transfer functions requiring both inductance
and capacitance for its passive realization. This response is
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characterized by a magnitude plot which is maximally flat
up to 3-dB cut-off frequency (10 Hz in the example) and at-
tenuates rapidly for frequencies above the cut-off frequency.
The passive network shown in Fig. 4B realizes the indicated
transfer function. Active network realizations not requiring
inductors are shown in Fig. 5.

The three active filters shown in Fig. 5 have exactly the
same frequency response characteristic as the passive con-
figuration shown in Fig. 4B. Although the passive realiza-
tion, at first glance, appears the simplest, the active con-
figurations will be smaller and perform better because of the
difficulty in obtaining an inductor which performs satisfac-
torily at the 10-Hz cut-off frequency.

At this point, let us examine some of the active filter
characteristics with emphasis on the operational-amplifier
type of active network.

D. C. Offset Voltage. Since a filter’s output is usually
taken at the output of an operational amplifier, a d. c. offset
voltage is present. For low-pass filters or others required to
pass d. c., this offset voltage is essentially an error or noise
component which is due not only to the offset voltage of the
operational amplifier itself, but to the IR voltage drop due
to the op-amp bias current flowing through the resis-
tance associated with the passive portion of the filter. This
latter component of offset voltage is most noticeable in the
lower frequency filters where large RC products are re-
quired. Where low offset voltage and low frequency are speci-
fied, FET input operational amplifiers are specified because
they have very low bias current requirements. Even in cases
where the filter is not required to pass d. c., offset voltage

Fig. 4. Response curve of a 2-pole Butterworth low-pass
filter. The passive circuit configuration is shown in (B}

Fig. 5. Typical active filter configurations. The INIC real-
ization is shown in (A). Although constructed from active
devices, the gyrator (B) is a passive device as far as its
terminal behavior is concerned. The output voltage is one-
hatf that of other circuits. Unity-gain realization is at (C).
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can be a problem when operating frequencies are so low as
to make the size of a d. ¢. blocking eapacitor (at the output)
prohibitively large.

Stability. Changes in filter characteristies due to temper-
ature, aging, humidity, ete. are, of course, extremely im-
portant. Stability of the active filter depends not only on the
stabilily of the individual components in the filter but on its
required frequency hehavior.

In comparing the stability of active and passive filters,
several factors must be taken into consideration.

1. The time constants associated with an active filter are
proportional to resistance-capacitance products while
the time constants associated with a passive LC filter are
proportional to the square root of inductance-capaci-
tance products. Thus the sensitivity of the filter to frequency
variations due to changes in component value are approxi-
mately twice as great for active fillers as for passive filters.

2. While the stability of a passive filter is dependent only
on the stability of its passive components, the stability of
the active device or devices must be taken into account for
active filters.

3. The greatest disadvantage (in terms of stability) of an
active filter compared to its passive counterpart is that while
the frequeney charaeteristics of the passive device may be
considered a direct function of the network’s component
values, the frequency behavior of the active filter must, in
all cases, be realized by a subtractive or difference taking
process. This means that small variations in the guantities
whose differences are to be computed result in large vari-
ations in the difference gquantity itselt,

Despite previously mentioned obstacles, stable aetive net-
works may be produced without resorting to sophisticated
compensation technigues. Reasonably stable resistors, capac-
itors, active devices, and active device configurations to-
gether with proper design of the passive portion of the net-
work results in aetive filters which, from the standpoint of
temperature and frequency stability, compare quite favor-
ably with passive filters.

Useful Range (Frequeney) of Operation. Another charac-
teristic of active filters which should be considered is their
operating frequency range. Although filters with cut-off or
center frequencies below 0.1 Hz to above 10 MHz can be
produced, it appears that the most useful frequency range
is from 1 Hz to 20,000 Hz. Linear Networks Company has
found that 95% of the demand for active RC filters lies in
the frequency range from 1 to 200 IIz. However, in the case
of the active low-pass filter, the region of interest extends
down to and includes d. ¢.

Bandwidth. In the case of bandpass filters, bandwidth is
an important characteristic to consider. Bandwidths corre-
sponding to “Q’s” up to 100 are quite practical. With a
“@Q7-multipher circuit, much higher “@Q’s” are possible. How-
ever, bandpass filters in mmodular form (where external tun-
ing controls are not provided) have their “@’s” Imited to
about 100. Multiple-pole bandpass filters are also available
in active RC form, but they are normally restricted to
octave, half-octave, and third-octave bandwidths. Two-pole
units where the ratio of 24-dB bandwidth to 3-dB band-
width is four are commereially available as well as three-pole
units where the ratio of 36-dB to 8-dB bandwidth is also
four. Octave bandwidth filters whose 8 dB-bandwidth spans
a 2 to 1 frequency range as well as the fractional-octave
bandwidth active filters find wide use in low-frequency spee-
trum analysis applications.

Dynamic Range. The dynamie range of active filters is
restricted by the maximum signal level which the aetive
deviee used in the filter can handle without distortion, and
by the noise level of the active device. 80-dB dynamic range,
a 20-volt peak-to-peak maximum signal level, and a 100-
microvolt noise level are typical values for the modular
active filter. As a general rule, it’s preferable to perform
filtering operations at high signal levels; and if amplification

60

is required, it should be done before the filtering operation.

Termination. One distinet advantage which active filters
have over passive filters is that termination problems can
be practically eliminated. That is, the isolation properties of
active deviees may be used to isolate the load impedance
from the filter elements which determine the frequency be-
havior. For a typical active filter, it makes little difference
whether it has a 2-megohm or 2-kilohm load.

Specifying an Active Filter

Because the frequency transfer characteristies of an ac-
tive filter may be made identical to its passive counterpart,
specification of this parameter is simplified. All of the stan-
dard transfer Tunctions such as the low-pass, bandpass, and
high-pass Butterworth maximally flat amplitnde response
are very readily realized in the embodiment of an active RC
nelwork.

In like manner. the non-standard transfer functions asso-
ciated with such things as magnitude, phase, or envelope-
delay -equalization are readily realized. Iere the desired
magnitude. phase, or delay characteristics are specified as a
finetion of frequeney. The filter manufacturer, usually with
the aid of a digital computer. then determines a realizable
transfer function whose frequency characteristics approxi-
mate the given specifications.

Usually, the realization of the transfer function is simpler
for an active configuration than for a passive configuration.
This is because the over-all transfer function may be sep-
arated into the product of less complieated subfunctions,
Each of these subfunctions may then be realized inde-
pendently,

In general, active RC filters are specified over passive or
other type filters in the following situations: 1. When the
frequency range of interest is so low that the active RC
filter clearly has no satisfactory alternative: 2. In the audio
range of frequencies where small size and low weight are
mportant: 3. Where complicated equalization characteris-
tics must be synthesized; and +. When compatibility is de-
sirable. For instance, where a series of bandpass filters
covering the frequency spectrum from sub-audio to ultra-
sonic is required, it might be desirable to specify all filters
as active filters even though the higher frequency units (if
they were to be specified individually) would be specified
as passive units.

The user, in deciding whether to design and fabricate his
own active filters or to purchase them from a filter manu-
facturer. should consider the following points: 1. Is design
help readily available? While the design data for a large
number of passive LC networks is available in handbook
form, information to such a wide extent is simply not avail-
able for aetive networks. Unless the transfer function is one
of the more standard types with the required number of
poles not exceeding two or three, the time, money, and effort
spent i attempting to design and fabricate an active filter
can quickly offset any possible advantages; 2. Are precision
components readily available? The filter manufacturer has
had experience with precision component specification and
selection and is required to carry a sizeable inventory of
such components. The gathering together of such parts for
the fabrication of a small quantity of filters is expensive and
tiime consuming; 3. If a large quantity of filters is called for,
does the user have the faeilities for their fabrication? If so,
15 1t economically feasible to use them? Setting up and or-
ganizing an assembly line which is to run for only a month
or two simply does not make sense from the viewpoint of
cconomics.

In the future, it is expected that active filters will find
more and more use. Not only should they find extensive ap-
plication as replacements for their passive counterparts but,
in addition, as the industries which deal with low-frequency
phenomena continue to grow, the demand for active filters
should keep pace. A
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UJT MONOCYCLE
MULTIVIBRATOR

A fined as a multivibrator which is nor-
mally in a state where both of its transistors
are ofl or non-actuated. Upon receipt of a
pulse of proper polarity (in this case, posi-
tive) and sufficient amplitude, the circuit
cycles once and turns off again, This is in
contrast to a monostable multivibrator
which, in its normal state, has one transis-
tor conducting leavily, and upon rcceipt‘
of a pulse, switches this transistor ofl and
then on again. Current consumption of the
monocycle multivibrator circuit given In
Fig. 1 is less than 2 mA with a 9-volt power
supply.

In the circuit of Fig. 1, unijunction
transistors Q2 and Q3 and associated com-
ponents, make up the multivibrator proper.
It will be noted that this part of the circuit
is similar to that of the author’s dual-UJT
multivibrator ( February 1969 issue ), which
is free-running, except that the 10,000-ohm
load resistors have been transferred from
the base-2 circuits to the base-1 circuits of
the UJT’s. This transfer keeps the circuit
from firing of its own accord, but permits
it to cycle once for each pulse received
from UJT Q1. The signal from Q1 is intro-
duced into Q2’s base-2 circuit in a direction
which causes Q2’s base-2 potential to be
pulsed downward. This allows Q2 to fire,
and when its portion of the cycle is com-
pleted, Q3 fires, and the circuit returns to
M

est.

UJT Q1 performs three functions: (1) It
fires the monocycle circuit only when the‘
amplitude of the input sigunal reaches a|
sufficiently high level; thus (2) it assures |
noise immunity; and (3) it provides a rec-
tangular pulse to fire the multivibrator,
even though the input signal may be of
a sine or some other waveform. l

The circuit of Fig. 1 has been designed
to handle repetition rates up to 120 pps.
It fires dependably when a 3-volt r.m.s.
sine-wave signal or a 4.5-volt positive-going
pulse is applied to the input terminals. A
more sensitive circuit can be obtained by
increasing the value of resistor R2 and de-
creasing the values of resistors RG and R7.
However, to do so reduces noise immunity.
If R6 and R7 are made too low in value,
the multivibrator may fire on power-supply
noise pulses or break into oscillation as a
free-running multivibrator.

In the author’s application of the circuit,
a sharp positive-going spike was needed to
actuate the following circuit. This was ob-
tained by differentiating the output signal
of the monocycle multivibrator and select-
ing the positive-going spike with a diode.
The circuit isn’t especially critical in re-
spect to input-signal waveform.

Fig. 1. Monocycle multivibrator.
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Today’s technician must learn to cope with the flood
of information coming from R& D labs or be swamped.

KEEPING ABREAST OF YOUR FIELD

t was only April, but the coming summer had issued an

unexpected sample. The sun blazed down on the green-

ing lawns; fallen red buds carpeted the sidewalks be-
neath the maples; the thermometer stood at an astonishing
eighty degrees; and an ever-so-gentle breeze, redolent with
the exciting smell of warmed and awakening earth, wafted
through the open rear door of the shop where Barney stood
watching a spirited tug of war hetween a determined robin
and a huge and rubbery night crawler.

“Hey, Mac,” the vouth called over his shoulder to his em-
ployer working at the service heneh, “do vou ever feel vou're
running on a treadmill that's being continually speeded up?
[ mean doesn’t it sometimes scem humanly impossible to
keep up with all the new things in electronics that are con-
tinuously popping up like spring mushrooms? Sometimes
I feel just like that robin. While he’s working hard to get
that one worm out of the ground, a half-dozen others are
getting away.”

“I know the feeling well” Mac confessed, smiling sym-
pathetically, “I almost hate to sec new models of TV sets
come out because T know they will include new circuitry [
must study—even before I've completely caught up with Tast
vear's new circuits. And if vou think it’s bad for you, just
remember I started in this game when all I diad to under-
stand was how a hattery-operated radio receiver worked.

“Since then I've had to trv to master a.c. radios, a.c.-d.c.
sets, all-wave receivers, I'M receivers, hi-fi receivers, stereo
receivers, auto radios, and CB transceivers. Next it was
black-and-white TV, uh.f. TV, and color-TV. Then I had to
learn the cotton-picking circuits all over again in terms of
solid-state diodes and transistors instead of tubes. At the
same time I had to be boning up on scopes, sweep genera-
tors, marker generators, square-wave generators, dot gen-
erators, color-hur generators, and—"

“Stop!” Barney interrupted. “You've made your point.
Don’t beat it to death. But 1 think vouwll agree new things
in electronics are coming faster and faster with each passing
vear. [ remember you told me just a few days ago that man’s
store of technical knowledge was doubling every ten to
fifteen vears.”

“That’s true,” Mae said with a nod. “Several factors con-
tribute to this tremendous acceleration in technical learning.
Improved commumications is probably one of the most im-
portant. A new scientific discovery in any part of the world
spreads rapidly over the entire globe so that other scientists
can start experimenting with it and putting it to work almost
immediately. The many uses quickly found for the laser are
a good example of this.

“Another factor is the steadily shrinking time between the
birth of @ new device in the laboratory and its practical ap-
plication. I‘or example, only three years clapsed betyveen the
discovery of the transistor and the mass production of these
units. Also, our widespread and diversified technology pro-
vides many areas into which almost any new discovery can
be plugged to prcduce whole families of new products. A
good example is the silicon controlled rectifier. You find it
used in photography, in the chemistry laboratory, in medi-
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cal equipmeut, in electric power tools, in houschold appli-
ances, in smoke detectors and burglar alarms, in lamp dim-
mers, and in all sorts of industrial equipment.

“Finally, knowledge begets knowledge. Modern astrono-
my couldn’t get going until Galileo figured out how to build
a telescope. Da Vinei understood the theory of flight, but it
was not until we knew how to muke a gasoline engine that
the airplane became possible. The village blacksmith, no
matter how well he understood the theorv of ‘current car-
riers,” could never have built a delicate junction transistor.
That had to wait until men knew how to grow and to pre-
cisely dope erystals of germanium and silicon. The more we
know and the more techniques we have at hand, the easier
it is for us to make new discoveries and to come up with
new answers to old problems.”

“Well,” Barney said, “vou’ve done a pretty good joby of
explaining why we are beset by this worsening blizzard of
new discoveries, but you haven’t told me how to cope with
it. Do you have the answer to that one?”

“Only a partial answer based on my own efforts,” Mac
admitted, “but you're welcome to that. First, I try to mark
off a major field of intense interest—electronic servicing, in
my case, because that's my bread and butter—and to keep
it separated from what 1 consider peripheral fields. such as
electronic applications to medicine, computers, CATV, in-
dustrial design and fabrication, communications, oceanog-
raphy, air and water pollution, and space. And I may as
well contess I'm always interested in electronic gadgets.

“Then I try to put first things first by concentrating most
of my reading and study on servicing. 1 feel T should, as
nearly as possible, know all about this field. At the same
time I want to have a general knowledge of the whole spec-
trum of electonics. Primavrily this is because I simply want to
know about it, but at the same time I'm never sure but that
a discovery which seems to be away out i left field is going
to move into my area of intense interest. [ saw it happen
with transistors.”

“That sounds like a reasonable beginning,” Barney said,
“but how do you actually go about keeping up—even with
just servicing? Do vou concentrate on books, magazines,
service data, or what?”

“I use all of them. I rely on books mostly for basic knowl-
edge because the field of electronics is moving too fast for
book publishers to keep up with the leading edge of it. Bv
the time a book is written and in print, it is already obso-
lescent as far as current practice is concerned. Happily,
though, basic theory does not change. A resistor still limits
the flow of electric current and a capacitor still passes a.c.
and blocks d.c., no matter in what circuit they are found.”

“You have quite a library of electronics books, both here
and at home. Do you need all those? Can’t you use just one
good book on theory?”

“No, because even basic electronic theorv—embracing as
it does the theory of electricity—is so vast and varied.
D.c. circuits, a.c. circuits, vacuum-tube theory, solid-state
theory, high-frequency propagation, radio circuitry, black-
aud-white TV circuits, color-TV theory and practice, servic-
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ing tools and techniques—each of these
is a tremendous field in itself. At the
same time, I like to have theory books
written on two different levels: one at a
popular, easily grasped level. and the
other at a more precise mathematically
correct level.”

“Is this because you find it easier to
grasp difficult theory by taking it in
two steps?”

“Partially. 1t is sort of like using a
microscope. If you start with a lower-
power objective and examine a subject
and its background to locate the impor-
tant features and then switch to a high-
er-power objective to see the fine detail
in areas of particular interest, you have
a much better understanding of what
vou're seeing. The same thing applies
in trying to absorb hairy electronic the-
ory.”

“Okay, now how about that ‘leading
edge’ you were mentioning? How do
you keep informed on the flood of new
developments in electronics pouring
out of the research and development
laboratories every day?”

“I rely on my technical magazines,
on the house organs of electronic con-
cerns, and on the technical sections of
popular magazines and newspapers for
that. The information I get from these
sources is, above all, timely; but it also
provides me, again, with information
presented at different levels of com-
plexity.”

“You surely don’t try to remember ev-
ervthing you read. How do you find a
particular bit of information later when
you need it?”

“You're so right! I can’t begin 1o re-
member everything I read, nor would 1
wanl to. All T try to remember is that
T've read something somewhere on the
subject, but I do try to make locating
as easy and painless as possible.

“One way I do that is to cut the an-
nual indexes from each of the many
technical magazines we take and file
them. Since these are usually pretty
well cross-indexed, they ordinarily en-
able me to find an article vaguely re-
membered even though 1 don’t recall
the title of the article, how long ago 1
read it, or even in which magazine I
read it. Experience has langht me 1
need keep magazines on file here in the
shop for only five years. In that span of
time, almost every one of the magazines
will cover every major facet of servic-
ing at least once; and any servicing ar-
ticle over five years old is likely to be
pretty much out of date and it becomes
expendable.”

“How about the articles you read in
newspapers and in other magazines that
pertain to electronics?”

“I clip them out and file them accord-
ing to subject matter. I place them in
large manilla envelopes and write the
titles of the articles on the outside of
the envelope. One envelope, for exam-
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ple, will be labelled Medical Electron-
ics; another, Pollution; another, Space;
still another, Computers, etc. You'd be
surprised at how rapidly those enve-
lopes fatten up and how often I find oc-
casion to dip into them. Time and again
1 find I want to supplement something
T'm reading today with something I've
read previously so I treat myself to a
Tucky dip’.”

“Every now and then I see a program
on TV about some phase of electronics
—say computers or space travel—that
contains facts and information I'd like
to keep. Do you do anything aboul
these?”

“On occasion I've taped one of these
programs, but I don’t try to preserve
the whole tape. Locating what you want
on such a recording is too time-consum-
ing. 1 play the tape back while the pro-
gram is still fresh in my mind and take
notes on the parts that interest me and
file these notes in the proper manilla
envelope.”

“With all this, do you honestly feel
youre staying on top of the subject of
electronics? And do you think all these
little memory joggers are rcally worth
the time and effort you expend on
them?”

“Only to a degree. But I most cer-
tainly feel I'm more nearly abreast of
what is going on in my own and neigh-
boring fields than 1 would be if T made
no organized effort to keep up and de-
pended solely on my own experience
and my memory. Even a young man’s
memory, as Mark Twain knew, can play
him a dirty trick. Remember he said
that when he was a young man he could
remember anything—whether it hap-
pened or not! But don’t you really think
you've suckered me into letting you and
your spring fever off work about long
enough? That robin you were watching
has finished his job and flown away a
long time ago. Let’s see you fly over
here to the bench and start slinging
some solder!” A

*“Homework. . . .? Fourth Grade. . .?"
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BUY THE BEST

MARK TEN

CAPACITIVE DISCHARGE

IGNITION SYSTEM

DELTAKIT ony 29%
ASSEMBLE IT YOURSELF!

Now discover for yourself the dramatic im-
provement in performance of your car,
camper, jeep, truck, boat — any vehicle!
Delta's remarkable electronic achievement
saves on gas, promotes better acceleration,
gives your car that zip you've always wanted.
find out why even Detroit has finally come
around. In four years of proven reliability,
Delta’s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on
literally any type of gasoline engine.

COMPARE THESE PROVEN
BENEFITS ...

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage increase (saves gas)

Order Your MARK TEN Today
Shipped Postpaid at once . . .

~ / \\DELTA PRODUCTS, .

P.0. Box 1147 EW - Grand Junction, Colo. 81501
Enclosed is $ . O Ship ppd. O) Ship €.0.0.

' 1
| |
| |
| |
: |

|
| Please send: |
| [ Mark Tens (Deltakit®) @ $29.95 |
l (12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) I
] [ Mark Tens (Assembled) @ $44.95 I

[J 6 Volt: Negative Ground only.

I 0 12 Volt: Specify {
| |
| 1
| |
| |

Make —

Positive Ground
Negative Ground

Car Year.
Name.
Address
City/State 7ip.
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EW Lab Tested

(Continued from page 25)

3% in/s. Signal-to-noise ratio. referred
to 0-vu recording level, was 46.5 dB at
T2 in/s, 49 dB at 3% in/’s, and 48 dB
at 1% in/s (rated 45 dB or better).
When referred to the standard distor-
tion level of 3% (approximately 10 dB
over maximum recording level), the
signal-to-noise ratios at the three speeds
were, respectively, 53 dB, 55 dB, and
55 dB. An input of 74 millivolts (Aux)
or 0.4 millivolt (Mic) was required for
a 0-vu recording, which resulted in a
line output of 0.65 volt.

The “fast speeds” of the TR-1080
are rated at a rather slow 3 minutes, 30
seconds for 1200 feet of tape. They
proved to Dbe somewhat faster than
rated, but were still quite slow, requir-
ing about 2 minutes, 36 seconds to han-
dle 1200 feet of tape. The normal
operating speeds were quite exact, ac-
cording to a stroboscopic disc that we
emploved.

Although the lack of separate record-
ing and playvback amplifiers and heads
prevented our making a true A-B com-
parison of input and output signals
from the recorder, we judged that at
742 in/s there was virtually no change
in signal guulity other thuan a slight
added brightness. At 334 in/s, the

SEE YOUR LOCAL DISTRIBUTOR TODAY!

0
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i ”l' I":I" e 1]
! ALLIED TR-1080
10 TN T ] RECORD/PLAYBACK RESPONS
E i { SCOTCH IIt TAPE
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FREQUENCY -~ Hz

minute loss of highs could not be de-
tected on most tapes made from I'M
broadeusts. The slowest speed had good
quality, much better than “AM broad-
cast quality,” and more than adequate
for speech or non-critical music record-
ing.

The microphones had pleasing qual-
ity, and were about as good as any
microphones we have seen supplied
with home tape recorders. The speak-
ers, although small, delivered accept-
able sound for casual listening, espe-
cially when full bass-hoost was used.
When played through a good external
amplificr and speakers, the quality was
excellent.

FOUR DIFFERENT

AS LOW AS ¥

The TD-1080 is housed in a port-
able, vinyl-covered case and the en-
tire package mcasures a compact 124
inches x 19% inches x 124 inches. The
weight of the tape recorder is under 40
pounds.

The Allied TR-1080 is certainly one
of the ore versatile and easy-to-use
home tape recorders in its price class.
We appreciated the convenience of au-
tomatic reversal during recording. The
recorder sells for $349.95 complete
with microphones, cables, and speak-
ers. The same deck, less microphones,
power amplifiers, and speakers, is also
available as the Model TD-1070 for
$299.95. A

NEW LOW PRICE

AN

FOR SOLDERING AND DESOLDERING

uniline mark vii

SOLDER AND DESOLDER WITH ONE TOOL!

The Uniline Mark VIl is a dual purpose pencil soldering-desolder-
ing tool. This truly revolutionary system allows you to solder
and desolder any joint with finger tip ease and control. Simply
press the button to desolder. How about that!

The tool is composed of three basic components that give it
unprecedented versatility. You can select what you need from:

COLORS OF HANDLES, FOUR INTERCHANGE-

ABLE HEAT CARTRIDGES (20-30-40 & 50 WATTS), DOZENS OF
DIFFERENT TIPS IN MANY DIFFERENT STYLES AND SHAPES.

$ How's that for a combination tool? Exciting. isn't it! If you are
interested in saving time and money you need one right now.
See your local distributor today, and tomorrow start enjoying

» cost reduction you never thought possible.

\Y

VANGUARO e oo

ELECTRONIC TOOLS INC. |NEWTON. KANsAS
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NATURAL
INTERFACES

WHEN engincers discuss interface
problems, they’re usually con-
cerned with making the input require-
ments of one system compatible with
the output characteristics of another.
However, the most important interface
of all, nature, is often overlooked or
discounted as heing of little significance
in the scheme of things.

A few of these natural interfaces are
highlighted by Rexford Daniels, Presi-
dent of Interference Consultants, a Bos-
ton firm, in his paper commenting on a
report by the IEEIYs Joint Technical
Advisory Committee on use of the elec-
lromagnetic spectrum.

The first interface is listed as the
“principle of resonance absorplion.” A
partial description of this phenomenon
is as follows: “The interaction of elec-
tromagnetic radiation with matter is
basicallv similar although different ma-
terials are affected at different wave-
lengths. . . .7 Essentially, the principle
stuates that everything in nature can be
activated at one or more electromag-
netic frecquencies with constiictive or
destructive results. For example, mi-
crowaves are used for diathermy—con- |
structive; but they also produce cata- |
racls on the eyes—destructive.

The second interface concerns the |
magnetic forces in nature which have |
an effect on animate and inanimate
matter. Some are cyclical, like those af-
fected by the sun and moon, while oth-
ers are variable and react to magnetic
storms and the magnetic ficld of the
earth.

The next interface concerns electro-
static charges built up in nature as a
result of friction and low humidity.
These can cause explosions, deteriora-
tion of electronic components, and pol-
hition of photographic negatives.

In sununary, nature in its interface
with electronics brings with it a host of
variables. Nature changes constantly
and it provides the meuns for change in
all living matter. These changes involve
length, distance, humidity, light and
darkness, noise, age, movement, polari-
ty, and cyclic rhytluns, to name just a
few. Length, for example, is closely tied
to resonance; and age (growth) often
means a buby can be susceptible to cer-
tain frequencies where a grown man
will not. Moisture evaporating from a
box sometimes causes a change in fre-
quency, but the negative ions generated
by splashing water often make a man
sing in the shower. Thus, nature’s inter-
face with clectronics is not one of set
formulas, but one that must often be

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR
NO COMMERCIALS—NO INTERRUPTIONS

Y AN Y4

It's wsasy! Just plug Music Associated's Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous commercial-free music you are now
missing. The Detector, self-powered and with
electrenic mute for quisting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size: 5% x 9”. Shipping weight approx. 7 lbs

KIT $4950

{with pre-tuned cecils, no alignment necessary!

wirep $7 5900
COVIER $4.95 EXTRA

Curremt List of FM Broadcast Stations with SCA
authorization $1.00

MUSIC ASSOCIATED

| 65 Glenwood Road, Upper Montclair, N.J. 07043
Phone: {2011.744-3387
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Every BSR McDonald automatic turntab!
precision made in Great Britain to the

most exacting specifications. Upon their
arrival in the U.S., every model is unpacked
and -e-tested under actual playing.
conditions. That's why BSR service calls are
the lowest in the industry—and perhaps
that also exglains why BSR sells more
turntables than anyone else in the worid.

Eﬁ] McDONALD
===

approached empiricaily. A
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cut holes

Rourxd—inches and mm

with
Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to 16-gauge metal. Avail-
able at leading radio and electronic parts dealers.

GREENLEE TOOL CO

DIVISION OF GREENLEE BROS. & CO.
1866 Columbia Avenue, Rockford, 11l. 61101
A Unit of Ex-Coll-0 Corporstion TXLGy
CIRCLE NO. 106 ON READER SERVICE CARD

Pll reasons

BSR McDONALD 600

BSR (USA) LTD.
BLAUVELT, N.Y. 10213
P J Pleace send FREE detailed literature
, on all BaR McDonald automatc turntables. \

\

Name

Address

City
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NOW! Solve Electronics Problems
fast W|th New Patented Sllde Rule

That's right! This amazing new Electronics
Slide Rule will save you time the very first
day you use it. It's a paiented. all-metul 107
rule that features special scales for solving
reactance, resonance, inductance and cir-
cuitry problems . . . an exclusive “fast-
finder™ decimal point locater . . . widely-
used formulas and conversion factors for
instam reference. And there’s all the stand-
ard scules you need to do multiplication,
division, square roois, logs, ctc.

Best of all, the CIE Electronics Slide Rule
comes complete with an Instruction Course

of four AUI0-PROGRAMMED  lessons. You'll quickly
learn how to whip through tough problems
in a jiffy while others plod along the old-
fashioned “‘pad and pencil” way.

Electronics Slide Rule, Instruction Course,
and handsome, top-grain leather carrying
case . . . a $50 value for less than $25. Send
coupon for FREE illustrated booklet de-
scribing this Elecctronics Slide Rule and
Instruction Course and FREE Pocket Elec-
tronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St. Dept. EW-162,
Cleveland, Ohio 44114.

*TRADEMARK
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| GET BOTH FREE!

Cleveland Institute|
of Electronics |

todaH Iy,

A leader in Electronics Training..

|

| ELECTRONICS 1776 E. 17th St., Dept.EW-162, Cleveland, Ohio 44114 |
I | Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail |
|‘ | promptly and get FREE Pocket Electronics Data Guide too! |
] I
| NAME |
I {Please Print) I
| | ADDRESS. COUNTY. |
| coupon |
' STATE 4| J— |
I I

.since 1934
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Scott builds
the world’s best

receivers...
and so can you!

e o i S R

It's casy! Scott’s new LR-88 AM/FM
stereo receiver kit was dcsxgned to be enjoyed

. both in the listening and in the construct-
ing. Full-color, full-size assembly drawings
guide you through every stage . . . wires are
color-coded, pre-cut, pre-stripped . and
critical sections are completely wired and
tested at the factory.

In about 30 goof-proof hours, you'll have
completed one great receiver. The LR-88 in-
cludes FET front end, Integrated Circuit IF,
and all the goodies that would cost you over
a hundred dollars more if Scott did all the
assembling.

Performance? Check the specifications
and write to Scott for your copy of the de-
tailed LR-88 story. ® 1969, H. H. Scott, Inc.

LR-88 Control Features: Dual Bass and Treble: Loud-
ness: Balance; Volume Compensation; Tape Monitor;
Mono/sterco control; Noise filter; Interstation muting;
Dual speaker switches; Stereo microphone inputs;
Fiont pancl headphone output; Input selector; Signal
strength meter; Zero-center meter; Stereo threshold
control; Remote speaker mono/slcreo control; Tuning
control; Sterco indicator light.

LR-88 Specifications: Power, IHF =1 dB @ 4 Ohms,
135 Watts; Continuous Power (RMS) both channels
driven 8 ohms, 30 watts each channel; Usable sensitiv-
ity. 2.0 uV; Harmonic distortion, 06%, Frequency
response, 15-25.000 Hz =1 dB; Cross modulation 1e
jection, 80 dB; selectivity, 45 dB; Capture ratio, 2.5
dB; Signal/noise ratio, 65 dB. Pncc, $334.95.

Walnut case optional.

NSCOTT

H. H. Scott, Inc., Dept. 160-04 Maynard, Mass. 01754
Export: Scott International, Maynard, Mass. 01754
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HIGH-SPEED TELEMETRY
MOVES T0 U. K. F.

IGII-SPELD, large-capacity telem-
etry equipment, operating in u.h.t.
bands, has been perfected—according
to the Naval Weapons Center Corona
(Calif.) Laboratories which developed
the miniature telemetry modules that
are to be employed in the near future.
With this development, all telemetry
for the Department of Defense will be
shifted from v.h.f. to w.h.f. on January
1, 1970. The DOD changeover direc-
tive is based on national frequency allo-
cation planning which made provision
for air/space telemetry service at u.h.f.
Current efforts at the labs have re-
sulted in the development of a series of
modular units in tiny packages. They
consist of general-purpose uw.h.f. trans-
mitters, miniature w.h.f. transmitters for
special applications, power amplifiers,
and miniature receivers. Development
of solid-state devices has made it pos-
sible to build the equipment to operate
at wh.f. in the severely restricted space
and weight limitation of missiles.

Telemetry is used with satellites and
all types of missiles to evaluate their
flights during the developmental phase
as well as during training exercises, and
sometimes in actual tactical firings. The
quantities transmitted include such con-
tinuous information as temperature, ac-
celeration, attitude, altitude, speed, and
the many voltages and currents that
monitor the performance of motors, con-
trols, and guidance systems. Normally
an average of 40 distinct and separate
sets of data are monitored and recorded
during one flight, but several hundred
are needed in some cases.

A feature of the new system is a
PAM/FM (pulse amplitude modulation
of an FM carrier) data transmission
format developed at Corona. It has a
greatly increased data capacity, permit-
ting all quantities measured in a flight
test to be sent with one transmitter in-
stead of the two or three required with
FM/FM systems. A

Miniaturized u.h.f. telemetry modules

for use with missiles and satellites have
been perfected by Corona Labs and are
ready to go into industrial production.

*?'(,-b“ﬁ“

ELECTRONICS WORLD


www.americanradiohistory.com

Propagation Predictions
(Continued from page 29)

A Tinear relationship between the Fa-
laver and the sunspot number was first
established in the carly 193075, Obser-
vations made during the succeeding 11-
vear solar cvcle continued to correlate
well with the sunspot number. This led
to the conclusion that, from a practical
point of view, it seemed advisable to
use this phenomenon as a buasic ref-
erence point. Generally speaking, as the
sunspot miunber increases during the
given 1l-vear solar cvele, the I, laver
increases in density and altitude. per-
mitting the higher [requencies to “open
up” to various parts of the world. Fig.
1 shows a group of well-formed sun-
spots observed in 1956,

Three other sunspot variations must
be taken into account when predict-
ing solar activity: (1) solar rotation
(which lasts about 27 days; this causes
the longer-lived sunspots to reappear
several times on the carth-side of the
sun’s surface); (2) seasonal changes
brought about by the diflerence in solar
bombardment reaching the two hemi-
spheres during the winter and summer
months; (3) detectable waxing and
waning of sunspot numbers over long
periods of time (one hundred years or
more).

Occusionally, during times of maxi-
mum 11-year cvcles, tremendous hursts
of solur energy, called “Hares”, eject
highly charged electrofied particles mil-
lions of miles into space around the sun.
Energy bursts such us these often cause
the F, layer to temporurily disappear,
bringing about a complete radio circuit
breakdowu above about 4 MHz.

Tonospheric Soundings

It is apparent that for purposes of
radio cominunications, it is necessary to
have as much information as possible
about ionospheric characteristics. There-
fore, sounding stations have been in-
stalled in more than 1530 locations
around the world to provide a steady
fow of solar data to a central location
where it is analyzed, computed, and
relaved to users.

Height and density of the F. layers
are obtained at the sounding stations hy
the use of an ionosonde, a pulse radar
device in which the exploring frequen-
¢y can be varied over a wide range of
frequencies from about 1 MHz to 25
MHz. The ionosonde is equipped with
an antenna system to direct radio ener-
gy at a 90-degree angle and is designed
to measure the elapsed time for a pulse
to travel to the F., laver and return.
As the frequency of the ionosonde is
increased, the point at which the radio
signal is no longer returned is recorded.
This is the Critical Frequency. Fig. 2 is
a diagram of a tvpical ionosonde. A

April, 1969
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RADIATION
TEST LIGHT

for microwave ovens

Microlite 287 provides a handy

test instrument for microwave
oven users. ldeal for vendor,
restaurants or home. The
Microlite-287 quickly indicates
whether individual ovens are
operating within or above the

10 MW/CM? leakage safety factor.

Convenient size for storage in
drawer or tool box. Connect to
nearest 115 vac outiet and it’s
ready to use. Complete with
instructions.

$29.95 f.o.b. Oklahoma City

Same as above except with certified
field intemsity for glow ignition at
2450 MHz..... $45.00

Note: Microlites may be recertified at any
time by forwarding the unit to International.
Price of recertification............ $15.00

Manutacturers of electronic
products for industry and the
home. Write for catalog.

P~
1

INTERNATIONAL

~—_"

CRYSTAL MFG. CO,, INC.
10 NO. LEE ® OKLA. CITY. OKLA. 73102
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‘Getmore )¢

education P\e*
or

get out of
electronics

.that's my advice.”

NEW

Expanded
coverage of
solid state
electronics

including
integrated
circuits! @
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Ask any man who really knows the electronics industry.

Opportunities are few for men without 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.

CREI 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 CRE| 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 card is detached, use coupon
below or write: CREI, Dept. 1104H, 3224 Slxteenth
Street, N.W. Washmgton D.C. 20010.

Founded 1927

CRET

Accradited Member of the Netiona! Home Study Council

CREI, Home Study Division
McGraw-Hill Book Company
Dept.1104H, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010
Please send me FREE book describing CRE! Programs. | am
employed in electronics and have a high school education.

NAME AGE
ADDRESS

CITY. STATE ZIP CODE
EMPLOYED BY.

TYPE OF PRESENT WORK —__QOG.I.BILL

| am interested in O Electronic Engineering Technology
O Space Electronics O Nuclear Engineering Technology
0O NEW! Digital Communications

APPROVED FOR TRAINING UNDER NEW G.l. BILL

April, 1969 71
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You couldn't touch an organ like this in a store for less than
$4,000—and there never has been an electronic instrument with
this vast variety of genuine pipe-organ voices that you can add
to and change any time you like! All four families of formal pipe
tones are present in variety to delight players of classic and
religious music. Yet you can change the entire organ for popular
and theatrical sounds, or plug in special veices for baroque,
romantic, or modern repertoires. If you've dreamed of the sound
of a large pipe organ in your own home, if you're looking for an
organ for your church, you'll be more thrilled and happy with a
Schober Recital Organ than you could possibly imagine — kit or
no kit.

You can learn to play it—and a full-size, full-facility instrument
is easier to learn on than any cut-down “home" model. And you
can build it, from Schober Kits, world famous for ease of assembly
without the slightest knowledge of electronics or music, for de-
sign and parts quality from the ground up, and—above all—for
the highest praise from musicians everywhere.

pipeiike
schober
Recital
organ
for only

Send right now for the full-color Schober
catalog, containing specifications of all five
Schober Organ models, beginning at $599.50.
No charge, no obligation. If you like music,
you owe yourself a Schober Organ!

i === )

|

: Thet%'fsﬂélﬂ-Organ Corp., Dept. RN-64 |

43 West 61st Street, New York, N.Y. 10023 I

[] Please send me Schober Organ Catalog and |

free 7-inch **sample’’ record. 1

1 [] Enclosed please find $1.00 for 12-inch L.P. |

I record of Schober Organ music. I

l NAME - l

I |

. | ADDRESS ‘
finished walnut console. (Only $1361

if you build your own console.) Amplitier, | cITY. STATE Z1p l

speaker system, optional accessories extra.
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Make the wiggly test.

On the left, a pattern* produced by an ordinary color bar generator.
On the right, the equivalent pattern* produced by Leader’s
LCG-388. Perfectly stable, the instant you turn the power on.

Flip the switch, and you can select from 15 patterns. Including
the single dot, single cross, single horizontal and single vertical.

The magic is in Leader’s binary counters and gates. Nobody
else has them, and what a difference they make.

$149.00, and you can make the wiggly test at your
distributor’s. For the one nearest you, just drop a line or call.

*As photographed.

Seeing is believing.

LEADER INSTRUMENTS CORP.

24-20 Jackson Avenue, Long Island City, N. Y. 11101/(212) 729-7411
CIRCLE NO. 98 ON READER SERVICE CARD
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Biomedical Engineers
Stress Need For
- Rapport With MD’s

NGINEERING in medicine was the

subject of a colloquium held late
last vear between the engineering and
medical communities.

Sponsored by the National Academy
of Engineering, the svinposium outlined
the advances in health care that could
take place if the two communities did
more “communicating.” More than 500
members of industry, government, and
the academic community heard 40
speakers discuss biomedical engineering
as it relates to education, instrumenta-
tion, patient monitoring, health care of
developing nations, and industry.

In his opening remarks, Eric A. Walk-
er, President of NAE, stressed the im-
portance of the partnership of engineer-
ing and medicine and emphasized the
growing need for interuction with the
social, behavioral, and life sciences.

Omne of the poiuts covered in depth
by Ivan L. Bennett, Jr., Deputy Di-
rector of the Office of Science and
Technology, is the difficulty involved in
bringing about engineer-physician coop-
eration. He noted that “Specialization
in medicine has evolved in the form
of an ever-narrowing focus of responsi-
bility and an ever-increasing depth of

knowledge in the field of clinical care.
This specialization, with rare excep-
tions, has not been forced by or under-
taken for teclmological innovations aud,
within the medical profession, there is
a persistent image or perception of
medical care as the domain solely of the
physician.” This attitude, according to
Bennett, poses great difficulties in work-
ing with “non-medical” speciaiists on
medical problems on any large scile.
It means, for example, that engincers
who work with physicians are likely to
have little opportunity to participiue in
the selection of objectives, to forimulate
questions, to structure and resuucoure
problems, and to devise alternatives for
their solution.

In noting the prospects for biomed-
ical engineering in the future, Dr. joln
1. Davis, Director of the Inieinational
Institute for Medical Electronics and
Biomedical Engineering, said thut the
existing state of its application is “a
perfect example of failure to apply over-
all systems principles to the resolution
of a major problem.”

One bright spot, engineering and sur-
gery are working together harmoniously
in developing new tools, such as auto-
mated service and diagnosde systems,
for the relief of human sullering. A
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“STANDARDS’" INDEX |
SET UP AT NBS

Master listing data on 16,000
engineering standards available
to engincers and manufacturers.

|
|
|
I
.

RE there uny existing standards fm"
~ X my product? Have test methods |
been set up for determining \';n'i(ms{
characteristics of materials or products? !
Has nomenclature for my ficld been de-
fined? Have spees been estublished on
the materials I am considering for use
in my product?

The answers to these and  other
questions about published engincering
standards and  specifications are now |
available from the Information Section
of the National Burean of Standurds’
Office of Engineering Standards Ser-
vices.

Over the past several years, the Sce-
tion has collected 16,000 engineering
and related standards and specifications
published by more than 330 U.S. trade,
professional, and technical  sodieties.
These standards have been catalogued
and indexed and are maintained inoa
technical library. In addition, a Key-
Word-In-Conteat (KWIHC) Index of all
standards in the collection has been
compiled by the Information Section. |

This Section will Tunction both us '

. . . |
technical library and as a referral wce-’

tivity in providing answers to questions
on engineering standards and standards
activities, and in directing inquirers to
the appropriate standards-issuing organ-
ization for copies of such published
standards.

For many years, NBS hus worked
cosely with national and international
organizations that devetop and promul-
gate engineering standards.  The Bu-
reau’s function is to provide the mea-
surement standards and techniques
upon which these standards are based.
ln addition, the Bureau has, through
its Ollice of Engincering Stundards Ser-
vices, worked cooperadvely with indus-
try groups in developing voluntary stan-
dards for specific products. These stan-
dards are now identified as Product
Standards and are meluded in the Infor-
mation Section’s colicetion ol published
stundards,

\Written  Inquiries  conieerning pub-
lished standards should be directed to:
Information Section, Ofice of Eugineer-
ing Standards Seiviees. National Bu-
rean of Stundards, \Wushington, D. C.
20234. A
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~ INSTALL TOMORROW'S IGNITION
~ SYSTEM ON YOUR CAR TODAY

The Judson
- Heclronic

" Magnelo
 WHY DRIVE A LATE MODEL CAR
- WITH A 1910 IGNITION SYSTEM?

WHAT IT DOES: eliminates frequent tune-ups e
triples plug and point life » provides better and smoother
performance » gives you positive ignition for turnpike
driving « develops all the power your engine can pro-
duce » reduces fuel consumption and pays for itself «
you need one on your car now.

Do not confuse the Judson Electronic Magneto with
ordinary transistorized ignition systems. Guaranteed to
outperform and outlast any electronic ignhition system
on the market. Sensibly priced at only $49.50. Can be
installed within twenty minutes.

Available through better Electronic Dealers everywhere

S UIDDSON

RESEARCH AND MFG. CO.
CONSHOHOCKEN, PENNA.

« ELECTRONICS

CIRCLE NO. 101 ON READER SERVICE CARD

V.T.I. training leads 10 success
as technicians, field engineers.
specinl.sts In communeations
guided missiles. compuicers
dar and automation. Bas
advanced coudsses o thetrny &
laboratory Electronte i-
neering Technology ame Elece-
tronic  Technology currieuti
both available Assoe degree in

3. also obtamable.

29 mos. B. 3

G.I. approved tuazes o oall
A L branches of elecironics with LIFETIME GUARANTEE (Unbreakable Box)

major c(‘)ml)Auf]..n,s. ,\i.e’.l'{t 5(0!)» c-30 |/2 Hr. .79 Poslage 8% of Total Pur-
lt)e:'pbe}l;. hbl(um,)J LeLTiITE, (5 C-60 1 Hr. 9; ;P;l‘a‘s‘e (oAvAer $20 cw: |pay)
e B L C-90 1%2 Hr. 1.3 usic atalogs:
B e C-'I201§2 Hr. 1.69{4 track open reel - or -

VALPARAISO TECHNICAL INSTITUTE SA ITONE e

Dept. RD, Valparaiso, Indiana 45333 corder discount catalog.

If our price for
i NORELCO is not the
LOWEST we will re
fund difference with-
— in 10 days of purchase.

1776 Columbia Rd.. N.W. Wash.. D. C. 20009

www.americanradiohistorv.com
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\)—ﬂ\‘—R & Wow Mgy, o

FL-5

ALL SOLID STATE

SCALE RANGES: 1.0%,
0.3% to 0.1% full scale.
RMS calibration of sine
wave flutter according to
NAB standard

B BAND WIDTH SELECTION:
(a) 0.5 to 6 Hz Wow

(b) 0.5 to 200 Hz
weighted to NAB standard
(c) 0.5 to 200 Hz Un-

ASH | B
: -
weighted to NAB standard
The Model FL-5 Flutter and Wow

Meter has been designed for use where greater |
sensitivity and lower instrument noise is required.

T

$e ol
L

FL-3D-1 MODEL

Vacuum tube circuitry
Shorter range capability for
production testing

i
%%

WRITE FOR FREE BROCHURE ...

Sentinel inc.

P.0. BOX 336 « GARLAND, TEXAS 75040

CIRCLE NO. 86 ON READER SERVICE CARD

STEREO/HI-FI
DIRECTORY

Giant 180 page buyers guide to
virtually every new audio compon-
ent on the market — amplifiers -
changers and turn tables - re-
ceivers * tuners - tape machines
» speakers, etc.

TAPE RECORDER
ANNUAL

The only buyers guide of its kind
available to the brands and models [
on the market. Over 132 pages of
full information on over 250
models plus articles covering
every aspect of tape recording.

Ziff-Davis Service Division—Dept. W + 595 B'way, New York, N.Y. 10012
I am enclosing $________ for the annuals circled below. My remittance
includes an additional 15¢ per copy for shipping and handling (50¢ for orders
outside U.S.A). | understand quantities ars limited and orders will be filled
on a first come-first served basis.

$1.25 each 42 45 56 59

Print Name
EW-49
Address
City State Zip
emesssess——— PAYMENT MUST BE ENCLOSED WITH ORDER e
74

BOOK
REVIEWS

""OUTLINE FOR DC CIRCUIT ANALYSIS" by Phillip Cutler. Pub-
lished by McGraw-I1ill Book Company, New York. 198 pages.
Price $3.93. Soft cover.

This is a workbook which is the first in a projected series
of outline-type problems books for electrical-electronics en-
gincering technology. Since d.c. circuit theory is usually
the first topic which confronts the student engineer, the
author has selected and discusses the essential principles of
this important subject.

The text is divided into sixteen chapters covering units,
definitions and notation, current-voltage-power relationships,
resistance, resistance of electrical conductors, series circuits,
parallel circuits, serics-parallel circuits, superposition theo-
rem, Thevenin’s theorem, Norton’s theorem and Millman's
theorem, compensation, maximum-power-transfer, and reci-
procity theorems, Kirchholf’s voltage law, equivalent cir-
cuits, and graphic methods of circuit analysis.

Simple arithimetic and algebra are used throughout the

text. Each chapter has ten problems for the student to work
and turn in to the instructor. The workshceets are perforated.
Mr. Cutler, who is with the Autonetics Division of North
American Rockwell, has presented his material in concise,
no-nonsense form. Although designed for formal classes, it
is detailed enough so that a student could use this “outline”
as a self-instruction text.
“ANGLO-AMERICAN MICROELECTRONICS DATA 1968-69"
edited by G. W. A. Dummer and J. Mackenzie Robertson.
Published by Pergamon Press, Inc., 44-01 21st Street, Long
Islund City, New York 11101, Price is $46.00 for each of the
two volumes.

These two volumes cover 1C’s made by companies in the
U.S. and Britain. Basically, these volumes are a compilation
of teclmical data. Each type is listed separately with a
brief description of the circuit function, quick-reference
data, an outline of the device with numbered leads, logic
function, design data, truth tables, performance, charac-
teristics, ratings, outlines and dimensions, design and char-
acteristic curves, circuit diagrams, and the corporate name
and address of the manufacturer.

Volume one covers companies whose names start with A
through P while the second volume covers the rest of the
alphabet. American and British firms are about equally di-
vided in this listing.

By providing technical data from all firms within a single
volume, the publishers have expedited the job of selecting
IC’s tor specific design applications.

“SEMICONDUCTOR POWER CIRCUITS HANDBOOK' compiled
and published by Motorola Semiconductor Products Inc.
264 pages. Price $2.00. Soft cover. Available from Motorola
Inc., Box 20924, Phoenix, Arizona 83036.

This handy volume has been compiled especially for
users of power transistors, thyristors, rectifiers, and zener
diodes. It contains many designs which are being published
for the first time. Some 150 new circuits have been designed,
constructed, and tested in the company’s applications test
laboratories before being presented.

The handbook is divided into six chapters which cover
the muajor application areas of interest: motor-speed con-
trols, inverters and converters, regulators, static switches,

ELECTRONICS WORLD
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audio and servo amplifiers. and miscellaneous thyristor and
transistor switch applications. There are nearly 270 illustra-
tions including waveforms and cirenit diagrams. A complete
bibliography is appended to each chapter for further per-
usal if desired.

#* el *

“TV SERVICING GUIDEBOOK: PROBLEMS & SOLUTIONS‘' by
Art Margolis. Published by Tab Books, Blue Ridge Summit,
Pa. 17214, 167 pages. Price $6.95. Soft cover edition $3.95.

In the largely “anonymous” world of TV servicing, there
is one mname thut many technicians will recognize—Art
Margolis. He has written copiously over the years on servic-
ing problems based on his own experiences as a benchman
and as a service-shop owner. The hallmark of all his writing
has been its practicality, This new volume is presented in
the same vein.

He outlines 30 separate troubleshooting approaches. each
predicated on specific symptoms, to help nail down any TV
problem quickly, without waste motion, and cut trouble-
shooting time. The author has divided all TV troubles—both
black-and-white and color—into 62 classic symptoms. He
then describes the servicing procedures which have proven
most successtul in actual practice.

The book is well illustrated, the writing is straightforward
and no-nonsense, and the material is well organized. For the
practicing service technician, this guidebook should be a
useful aid.

* k-

"“"MANUFACTURING POLICY IN THE ELECTRONICS INDUSTRY"
by Wickham Skinner & David C. D. Rogers. Published by
Richard D. Irwin, Inc., 1818 Ridge Road, Homewood, Ilh-
nois. 287 pages. Price $6.00. Soft cover.

This volume, subtitled “A Casebook of Major Production
Problems”, follows the standard Harvard Business School
“casebook” format. Originally prepared as a textbook for
graduate courses, the material has been released to the pub-
lic for wider dissemination of the information.

To enable the reader to understand the functions of the
vice-president of manufacturing and his staff, this volume
analvzes the operations of eight firms: Lansing, National
Video, American Printed Circuit, Prince Company, RCA,
Honcywell, Zenith, and Instrumentation Laboratory. The
bulk of the book is taken up with industry statistics of
various types—ranging from oulput to the markets und
processes used to produce electronic items. Unfortunately,
all the statistics cover the period only through 1963, but it
the reader keeps this in mind, the over-all picture can still
be valid as an indication of current trends in the electronics
industry.

Gy ¥

“99 WAYS TO USE YOUR OSCILLOSCOPE'' by A. C. W. Suun-
ders. Published by Tab Books, Blue Ridge Summit, Pa.
17214. 192 pages. Price $6.93. Soft cover edition is priced at
54.95.

As noted, this volume contains information on 99 applica-
tions of the scope to uses ranging from checking the fre-
quency response with a square wave to determining the dis-
tribution of burst and chrominance signals.

Each application is listed separately and information is
provided on the equipment needed to run the test. how to
set up the scope, and the types of patterns which will be
obtained under conditions of correct and incorrect circuit
operation.

The author has assumed that the user of this text is fa-
miliar with the basic operation of his scope and makes no
attempt to instruct him on the operation of the various scope
controls.

It is only fair to point out, however, that this volume is
full of tvpographical errors. \Whether or not this detracts
from the usefulness of the book will depend on how sensi-
tive the reader is to - ch bloopers. A
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makes first class
soldering the easiest
part of any job

original Dual Heat
Soldering Guns

Preferred by technicians for their
fast heating copper tips, exclusive
trigger-controlled dual heat, and high
soldering efficiency. Available in 3 watt.
age sizes, each with spotlight.

100/140-watt Model 8200, 145/210-watt
Model D-440, and 240/325-watt Model
D-550. Also in complete kits:

Dependable MARKSMAN Irons
in a size for every job

el

Ideal for deep chassis work and continuous-duty soldering,

Marksman irons outperform others of comparable size and

weight. All five feature long-reach stainless steel barrels

and replaceable tips.

o 25-watt, 134-0z. Model SP-23 with Y& tip (In kit with extra tips,
soldering aid, solder—Model SP-23K)

o 40-watt, 2-0z. Model SP-40 with 14" tip

o 80-watt, 4-0z. Model SP-80 with 33" tip

e 120-watt, 10-0z. Model SP-120 with " tip

o 175-watt, 16-0z. Model SP-175 with %" tip

25-watt Technician’s Iron
for intricate circuit work

, wiw—ﬁﬁw
3

Industrial rated pencil iron weighs only 134 ounces, yet delivers
tip temperatures to 860°F. Cool, impact-resistant handle. All
parts readily replaceable. Model W-PS with Y-inch tapered tip.

Also available: A new Battery Operated Iron for use with 12
volt battery or 12-24 volt AC/DC source. Complete with 12 ft.
cord and battery clips. Model TCP-12.

Complete Weller Line at your Electronic Parts Distributor.

WELLER ELECTRIC CORPORATION, Easton, Pa.

WORLD LEADER IN SOLDERING TOOLS

CIRCLE NO. 78 ON READER SERVICE CARD
75

wWWwWW. americanradiohistorv.com


www.americanradiohistory.com

Delta Launches the

COMPUTACH

SKAn exclusive computer-
tachometer for precise RPM

measurement
build Kit form!

in easy-to-

Delta,
duced the fabutous MARK TEN*, now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
in RPM readings due to the advanced,
solid-state electronic matched components

pioneers in CD ignition who pro-

used in the computer, coupled with the
finest precision meter in the world. Works
on all 2, 3, 4, and 6 cylinder 2 cycle and
with 4-6-8 cylinder—4 cycle 12 volt engines.

0-8000 RPM range

Perfect linearity — zero paralax
Adjustable set pointer

Wide angle needle sweep
Translucent illuminated dial
Chrome plated die-cast housing
All-angle ball & socket mounting
Use it with ANY ignition system
Meter: 3%s" dia. X 33" deep

Calibration kit included, no test eqpt.
needed.

[ N o Sl o =

Orders shipped promptly, {
Satisfaction guaranteed.

\ DELTA PRODUCTS, u:.

Send check today!
| P.0.Box 1147 EW / Grand Junction, Colo. 81501
Enclosed is $___ [7] Ship ppd. (] Ship C.0.D.
Please send:
[7 COMPUTACH® Kits @ $29.95 ppd
Sold in Kit Form ONLY!

DELTA

Name
l Address__
I City/state

CIRCLE NO. 113 ON READER SERVICE CARD
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TEST

EQUIPMENT

PRODUCT REPORT

Sencore TF-151 Transistor Tester
For copy of manufacturer’s brochure, circle No. 20 on Reader Sercice Card.

rl‘HEP\E is certainlv no shortage of

transistor testers on the market to-
dav. The technician has a large number
to choose from, ranging from the inex-

— & .
pensive “go/no-go” tester to the fairly

| claborate Taboratory-type transistor an-

alvzer. What is rare. however. is a tran-
sistor tester that will check the increas-
ing mumber of field-eflect transistors
(FET’s) that are finding their way into
home-entertainment  electronic  equip-
ment, The new Sencore TI-151 is just
such an instrument.

The tester has the appearance of two
instruments in one. When the large
function knob on the front panel is ro-
tated to one of the six left-hand posi-
tions. the instrument is set up to check
regular transistors either in or out of
their circuit. The beta gain of hoth low-
and high-power transistors is checked
and there is a special checking position

for low-current r.f. transistors. In addi-
tion, collector-to-base leakage current
is measured directly on the six-inch
meler.

When the function knols is rotated to
one of the six right-hand positions. the
tester is set up to check field-eflect
transistors, either in- or out-of-circuit.
These transistors are tested for trans-
conductance (G,,) as well as for leak-
age current between gate and source
electrode. The instrument can even test
FET’s that have two separate gate
leads. Although these are not widely
used, it is comforting to know that the
tester can handle these types as well.
Transconductance of FET’s is mea-
snred directly in micromhos, which are
read on the large meter. There is also a
test {or zero bias drain current (I,4y),
which is useful for matching FET’s or
for selecting a group with certain char-
acteristics out of a large quantity.

In addition to transistors, the new
tester can also check just ubout all the
common and special semiconductor di-
odes, including power rectifiers, signal
diodes, zeners, and variable-capacitance
types that are used in electronic equip-
ment.

A new transistor and FET manual,
showing all the test setups and results
to expect on over 14,000 transistors and
FET’s. is included with the instrument.
The book can also he used with other
transistor testers since il gives type.
basing information. gain. and leakage
of the various semiconduclors listed.
Ience, it is expected to be made avail-
able separately at abont $10.

The new Sencore Nodel TEF-151 is
housed in a vinvl case with a chrome
panel. It is priced at $129.50. A

Data Instruments Model 555 Oscilloscope
For copy of manufacturer’s hrochure, circle No. 21 on Reader Sercice Card.,

GOOD many test-equipment

manufacturers have looked with
envy at the verv lucrative laboratory-
oscilloscope market. It seems that no
nutter where vou go in the electronics
industry, whether on a production line
or in a laboratory, vou'll see the ubiqui-
tous Tektronix lab scopes in frequent
use. These scopes are cerlainly  top-

www.americanradiohistorv.com

quality products and for those compa-
nies which can aftord them, they do an
excellent job. Recognizing that there is
a considerable market for a somewhat
lower priced triggered-sweep scope.
this leading scope manufacturer some
time ago took over a line of British
scopes that have many of the features
of the lab scope but at considerably

ELECTRONICS WORLD
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lower price. With this line of scopes,
called Telequipment (a subsidiary of
Tektronix, Inc.) it is possible to obtain
a solid-state triggered-sweep instrument
at around $350 rather than at figures
perhaps two or three times higher for
the more elaborate Tcktronix version.

Several U.S. companics are now
importing  Japancse triggered-sweep
scopes for this verv sume market. A
recent one of these that has come to our
attention is the Model 555. imported
and distributed bv Data Instruments.
This company has an entire line of
scopes ranging in price from $93 to
$566. Thie Model 555 (right) at $284,
is just at the middle of the line in ftea-
tures, performance, and price.

This scope is a 3-in instmment with
a bandwidth from d.c. to 7 MHz. Just
about all the circuitry, including the
high-voltage rectifier, is solid-state.
Transistors are used for everything ex-
cept for a 12AU7 high-impedance ver-
tical-inpnt stage, and a couple of
6DJ8’s as vertical- and horizontal-out-
put stages.

The wvertical input attenuator has
nine steps and is calibrated from 20
mV/em to 10 V/em, at an input im-
pedance of 1 megohm. The sweep cir-
cuit is either free-running or it may be
triggered at any selected point on the
waveform to be observed and mea-
sured. There are nineteen calibrated

sweep ranges from 1 microsecond/ecm
down to 1 second/cm. A built-in verti-
cal calibrator delivers a 1-kHz square
wave with a peuak-to-peak amplitude of
5, 0.5, and 0.05 volt to three terminals
at the left of the scope lace. A well-
regulated power supply, delivering plus
and minus 30 volts to the transistor cir-
cuits, keeps the pattern stable in spite
of varfations in linc voltage.

The Model 555 is fairly compact for
a 5-in scope, thanks to the use of a
number of solid-state subassemblies.
The unit measures 8 by 10% by 16 in
deep and it weighs 22 Ibs. A detailed
operating and maintenance manual ac-
compunies each instrument. A

EMC Model 215 Tube and Transistor Tester

For copy of manufacturer’s hiochure, circle No. 22 on Reader Service Card.

IN spite of the fact that so much of
the new electronic equipment is sol-
id-state, there are still plenty of vacuum
tubes in use. Most new TV sets, for ex-
ample, employ tubes so that when these
have to be checked or when you want to
test the tubes in an older TV model, vou
should have a siniple-to-operate tube
tester. One such unit that was brought
to our attention is the EMC Model 215.

This inexpensive tube tester made by
Electronic Measurements Corp. is really

April, 1969

two pieces of test equipment in one
case. Not only does it check a wide
variety of commonly used vacuum
tubes. but it is also a simple transistor
tester as well.

The tube checker is a conventional
a.c.-operated emission and leakage test-
er that can handle compuctrons, mag-
navols, nuvistors, and novars as well as
the more conventional miniature and
standard tube types. Readout is on a
three-color meter scale on the front
panel of the instrument.

When a slide switch is moved from
“Tubes” to “Transistors”, the unit is
converted to a battery-operated tran-
sistor tester. The transistor being tested
is inserted in the instrument’s oscillator
circuit, the output of which is moni-
tored on the 5-mA meter. A pair of
“C”-cells operates this circuit, which
checks both high- and low-power n-p-n
and p-n-p transistors.

A ring-bound tube-chart manual is
supplied with the tester to show the
settings {o be used when checking
tubes.

The Model 215 is housed in a Bake-
lite case with carrying strap. It measures
only 8%-in high by 7%-in wide by 4-in
deep. It is available either in kit form
at  $27.95 or factory-assembled at
$42.95. A
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JOIN THE

T00L
REVOLUTION!
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~

The tool that's launched a
thousand screws and never
dropped a one. The Screw
Launcher holds, starts and
drives with precision and power.
Works with one hand, even

with gloves on.

Try one out at your nearest
revolutionary Vaco dealer
or distributor.

PRODUCTS COMPANY

510 N. Dearborn St.
Chicago, lllinois 60610
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10 Reasons why
RCA Home Training is

your best
Investment
forarewarding
career

In electronics:

Performing transistor experiments .
on programmed breadboard —using = i S

- g AT TS
oscilloscope. P N R e

78 ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

1 LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you
immediately think of RCA...a name
that stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc., a service of Radio Corporation of
America, has been a leader in technical
training.

RCA AUTOTEXT TEACHES

ELECTRONICS FASTER, EASIER,

ALMOST AUTOMATICALLY
Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

THOUSANDS OF WELL PAID JOBS

ARE NOW OPEN TO MEN SKILLED

IN ELECTRONICS
RCA Institutes is doing something pos-
itive to help men with an interest in
electronics to qualify for rewarding
jobs in this fascinating field. Every year,
literally thousands of high paying jobs
in electronics go unfilled just because
not enough men take the opportunity
to train themselves for these openings.

WIDE CHOICE OF CAREER
PROGRAMS

Start today on the electronics career
of your choice. On the attached card is
a list of “Career Programs”, each of
which starts with the amazing AUTO-
TEXT method of programmed instruc-
tion. Look the list over, pick the one
best suited to you and check it off on
the card.- '

Construction of Multimeter.

April, 1969

SPECIALIZED ADVANCED
TRAINING
For those already working in elec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
can start on a higher level without wast-
ing time on work you already know.

PERSONAL SUPERVISION

THROUGHOUT
All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
over any ‘“rough spots” that may de-
velop.

VARIETY OF KITS YOURS

TO KEEP
To give practical application to your
studies, a variety of valuable RCA In-
stitutes engineered kits are included in
your program. Each kit is complete in
itself. You never have to take apart one
piece to build another. At no extra cost,
they’re yours to keep and use on the job.

FROM RCA INSTITUTES

TRANSISTORIZED TV KIT,

VALUABLE OSCILLOSCOPE
Those enrolled in RCA’s television
course or program receive complete
transistorized TV Kit. All students re-
ceive a valuable oscilloscope—both at
no extra cost and only from RCA Insti-
tutes.

CONVENIENT PAYMENT PLANS

RCA Institutes offers a unique tui-
tion plan that lets you progress at your
own pace. You only pay for lessons as
you order them. You don’t sign a con-
tract obligating you to continue the
course. There's no large down-payment
to lose if you decide not to continue.

Construction of Oscilloscope.
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However, if you desire, RCA Institutes
also offers a convenient monthly pay-
ment plan.

10 RCA INSTITUTES GRADUATES
GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
electronics field; many others have their
own profitable businesses. This record
is proof of the high quality of RCA In-
stitutes’ training.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training” on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION! NO
SALESMAN WILL CALL!

All RCA Institutes courses and
programs are approved for veter-
ans under the New G.1. Bill.

RCA INSTITUTES, DEPT. EW-49
320 West 31st Street,
New York, N.Y. 10001

Accredited Member National Home Study Council

Temperature experiment with transistors.
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NEW PRODUCTS
& LITERATURE

COMPONENTS e TOOLS e TEST EQUIPMENT e HI-FI ® AUDIO ® CB ® HAM e COMMUNICATIONS

LASER TEACHING KIT
Forty-four experiments in geometrical  and
physical optics are detailed in a new laser experi-
menter’s kit designed for classroom use. Included
it the kit are complete accessories, designed for

fArm’s  educational He-Ne  laser,
LAS-2002, and an illnstrated 80-page manual for
the instructor’s use.

Convenient and vivid display of the most in-
tricate properties of light are provided by twenty-

use with the

feur individual elements  including a  beam
divider, the self-centering optical bench, convex
and concave lenses, and beam display elements.
The components are made from a nonbreakable
plastic which permits direct viewing of the light
rays. Eight complete course programs, from jun-
ior high school to college level are described in
the manual, enabling the instructor to pick a
program which meets the needs of his class.
Electro Optics
Circle No. 126 on Reader Service Card

LC FILTERS

The Series FL and FH LC filters are a groups
of ninc-pole Chebyshev low- and high-pass filters
which ure available as off-the-shelf items.

The units are compact and incorporate com-
ponents that meet the latest applicable MIL-Spec
requirements. A useful application is the series
connection of a low-pass and high-pass unit to
produce an effective bandpass filter.

Full details on the two series are available on
request. Allen Avionics

Circle No. 127 on Reader Service Card

20-A POWER TRANSISTORS
A new series of 20-amyp “n-p-n” diffused sili-
con power transistors with voltages from 100 to
200 volts has been introduced as SDT 8751
through SDT 8758.
The transistors are packaged in a TO-63 case
and feature typical hiy; ranges from 15 to 90 at

;

-

5
y
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a collector current of 10 A and collector satura-
tion voltages lower than 0.5 V. The f, of these
transistors is typically 30 Mz,

Primary uses for these devices are in high-
voltage, fast-switching applications  including
radar systemns, telemetry, servo amplifiers. switch-
ing regulators, and sweep circuits. Solitron

Circle No. 128 on Reader Service Card

CRYSTAL FILTERS

A new line of monolithic Gaussian crystal fl-
ters which the company claims are smaller, more
reliable, and less costly than conventional Gaus-
sian hlters has been introduced.

The new flters are designed for minimum
delay distortion in FM. nonovershooting pulse
response in radar and  other pulse-modulated
systems, and for reduced ringing in swept-fre-
quency applications such as spectrum  analysis
and doppler acquisition.

The Model 6354 MA, for example, is a four-
pole design housed in a cold-welded TO-8 enclo-
sure. Center frequency (f.) is 10.7 MHz, the
3-dB bandwidth is 2.5 kHz, while the 40-dB
bandwidth is 17.5 max kHz. Source impedance
is 500 ohms resistive. Damon

Circle No. 129 on Reader Service Card

LEAD EJECTOR
The G-6 lead cjector is a syringe-like tool for
use on shiclded cables. 1t parts the braiding from
the inside without breaking wires and then cjects
the inner lead through the hole, producing a
neatly finished pigtail in onc operation. No fur-

S
S o
SE—— N\

ther trimming is needed so that the danger of
loose “wire whiskers” in electronic equipment is
climinated.

The unit is casy to use and cuts production
time and improves appearance of wiring. A sim-
ple adjustment programs the tool to make iden-
tical pigtails of any desired length.

The device is supplied with a kit of six inter-
changeable plungers to it cable inner lead diam-
cters from 0.039” to 0.175". Other sizes can be
supplied on special order. Bailey Company

Circle No. 130 on Reader Service Card

TREASURE-LOCATOR KIT

A new metal-mineral detector is now being
offcred in kit forin as the Model TRL-1 treasure
locator.

Three FET’s and two silicon transistors are used
in the circuit to provide operating stability. Kit
assembly is simplified with ctched-circuit hoard
constructon and casy-to-follow instructions. A
six-inch etched-circuit “search” coil is furnished
with the kit. There are no coils to wind and no
test equipment is needed for alignment. Rugged
glass-cpoxy muaterial is used for both etched-cir-
cuit boards. It is estimated that construction time
will be under three hours.

The unit weighs only 24 ounces. The handle
folds in the middle for convenient storage. The

www.americanradiohistorv.com

tdditional information on the items
covered in this section is available
from the manufacturers. Each item
is tdentified by a code number. To
obtain. further details. fill in cou-
pon on the Reader Service Card.

search coil is adjustable to any angle. Power is
provided by a 9-volt batiery. The kit comes with
all parts, wire. solder. headphone, and complete
instructions. Caringella Electronics

Circle No. 1 on Reader Service Card

REGULATED D.C. SUPPLY
A d.c. lab-type power supply, which features
autonuatic protection against overloads and shorts,
is now available as the No. 99-5077. Useful in
servicing portable transistor and car trausistor
radios, recharging small batteries, and where a

stable, low-ripple d.c. voltage is required, the
new supply provides a continuously variable d.c.
voltage of 5-13 or 12-20 volts at up to 2 am-
peres. Ripple is less than 5 mV r.mes. at full load;
regulation is == 1%.

The output voltage and current are monitored
by two d’Arsonval meters. Both input and output
are fused for full protection. Input is 115 or 230
volts w.c. 10%, 50-60 Hz. The supply is housed
in a rugged steel case with rubber feet and mea-
sures 612" high x 4%%27 wide x 83%” deep.
Lafayette

Circle No. 2 on Reader Service Card

BROADBAND FILTER

The new “L” network broadband filter has
heen designed for EMI protection. This 50-V d.c.
filter has a guarantced minimum  attenuation
over the entire temperature range from —55° C
to +125° C with full load applied. There is no
derating in working voltage and exceptionally
low d.c. resistance, according to the company.

These temperature-stable hlters meet or exceed
the applicable parameter of MIL-F-15733. Gulton

Circle No. 131 on Reader Service Card

MATCHING TRANSFORMER

A new indoor 82-channcl matching trans-
former has just been introdiced as the Model
MT60. The unit is used to match 75-ohm coaxial
cables to the 300-ohth inputs of TV and FM
sets. It passes all w.h.f. and v.h.f television
channcls, plus all FM frequencies.

An outdoor version of this matching trans-
former is also available. Completely weather-
proofed, it is supplied with a snap-on insuliator
to hold it to the antenna cross arm, plus a
weatherboot. It is designated Model MT61. JFD

Circle No. 3 on Reader Service Card

PULSE GENERATOR
A new low-cost pulse generator has just been
introduced as the Model PG-11. The instrument
provides single or double pulses, pulse pairs,
pulse bursts, or one-shot output. It will operate
over a repetition rate range of from 10 Hz to

ELECTRONICS WORLD
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20 MHz in the double-pulse mode and to 10 MHz
in the single-pulse mode. Rise and fall times
are 5 ns maximum at full *=15-volt output am-
plitude.

The PG-11 may be triggered from d.c. to
20 MHz and/or may be synchronously or asyn-
chronously gated. Output amplitude is switch-
selected “—+7 or “—"" and is without a measur-
able d.c. component. Repetition rate, output
width (25 ns to 10 ms), delay (20 ns to 10 ms),
and amplitude are continuously variable over
wide dynamic ranges.

The new gencerator is suitable for bench or
rack mounting. In rack mounting form it meca-
sures 35”7 high x 8Y%2" wide x 9%2" decp.
Chronetics

Circle No. 132 on Reader Service Card

EM!I SUPPRESSION FILTER

The new “M” series filter is a miniature her-
metically sealed EMI suppression filter designed
for critical applications where small size, weight,
environmental conditions, and reliability are
factors.

The uniquely designed toroidal coils provide
maximum inductance with high d.c. saturation.
The casec mounts quickly to the equipment by

means of lock washers and hex nut. They are
available in “L” section, “pi” section, and “T”
section filter types and in working voltages of
100 and 150 V d.c. and 115 V a.c. for operation
at 10 kHz to 10 GHz.

All “M?” series filters have a 0.375-inch diam-
cter and over-all length of 1.028 to 1.630, de-
pending on type. All units meet or exceed MIL-
F-15733. Components Corp.

Circle No. 133 on Reader Service Card

TEMPERATURE LABELS

The new line of “Tempilabels” contains four
hieat-sensitive indicators rated at 70, 80, 90, and
100 degrees F. This special Jow-temperature
monitor was conceived and developed primarily
for checking maximum temperatures to which
heat-sensitive photographic films had been sub-
jected. However, it is anticipated that the new
low range will find many applications in the
ficlds of biologicals, foods, synthetic textiles,
pharmaceuticals, and in many other industries
in which materials arc heat-sensitive.

The labels are manufactured under cold-room
conditions and are shipped in specially prepared
thermally insulated packages.

Further details on the labels and information
on suggested applications will be supplied on
request. Tempil Corp.

Circle No. 134 on Reader Service Card

TUNED BANDPASS FILTERS

Two new scries of fixed tuned bandpass filters
have just been introduced as the BC and BE
series.

The BC series permits any center frequency to
be specificd from 50 MHz to 4 GHz with attenu-
ation characteristics available for 3 through 16
sections. Its modular design construction enables
it to be designed, built, tuned, stabilized, and
shipped in less than 48 hours. The percent band-
width ranges from 1% through 70%.

April, 1969

Would you believe:

Mirror scale 200« A D'Arsonval meter
Integrated circuit (IC) operational amplifier for extreme accuracy
FET input stage with current regulator

Two stage transistor current regulator and Zener diode on OHMS for
absolute stability and accuracy

Voltage clippers for protection of input stage

Fully temperature compensated for low low zero drift

Ten turns ZERO and OHMS adjust potentiometers

Epoxy glass circuit hoards and metal case

Enclosed switches

Uses readily availahle type AA cells

Uses standard test leads for maximum flexibility and ease of

—
A
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NEW DELTA DESIGN!

measurement

12. 10 Megohms input impedance

MODEL 3000 FET VOM

A unigue
and efficient
instrument
bridging the gap
between a
multimeter and a
digital voltmeter!

Delta, pioneer of the famous Mark Ten® CD System,
now offers a compact, versatile, and extremely
sensitive VOM which combines FETs and ICs for
extreme accuracy. Compact {6%2” Wx 8" Hx 32"

D), portable, wt. 3%
Ibs. In full production 95
at only

ppd.

I EW
Available in Kit form: | ‘ DELTA PRODUCTS INc
Feedback network with : P.0. Box 1147, Grand Junction, Colorado 81501
pre selected compo- .
nenis to eliminate all : lenclose $___ . Please send postpaid:
final calibration. Ready I _ Model 3000 FET VOMs @ $74.95 assembled
to use when assem- | Model 3000 FET VOMs @ $59.95 kit form
bied!

I Name
Kit: $ 95 I Address. ===

Only 59ppd. | City/State Zip
1 DP 8.7
CIRCLE NO. 113 ON READER SERVICE CARD
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WAVE FORM ANALYSIS
& PEAK FM MODULATION

all for LESS MONEY!

The Lampkin 205A FM Modulation Meter
accurately indicates PEAK modulation on
mobile transmitters. To shoot trouble
visually, use your own general-purpose
oscilloscope at the 205A rear jock out-
put. This makes a low-cost, highly effec-

tive test combo — and a well-rounded
shop — all for less money.

Lampkin pioneered the PEAK voltmeter
for FM modulation indication.

like to see the complete specs? Mail
coupon today!

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

Name

Address

City State Zip____

LAMPKIN LABORATORIES, INC.

MFM Div., Bradenton, Fla. 33505

CIRCLE NO. 99 ON READER SERVICE CARD

== Degree

"7 ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUOY COURSES IN:

= Electronics Engineering Technology

» Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec-
tronics Engineering. We're a forward
looking school. OQutstanding lesson ma-
terial—thorough and easy to understand.
Engineering taught on the basis of appli-
cation and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a low paying technician job and
a high paying engineering position. Low
tuition cost with low monthly payments.
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin H, no sales.
man will call on you.

COOK’S INSTITUTE

o/ g&([ront'cd é)ngi:wvring
Forest Hitl Road
P. 0. Box 10634
Jackson, Miss. 39209
Established 1945
Formerly Cook's School of Electronics
ENO. 114 ON READER SERVICE CARD

The BE series can be specified with any center
frequency from 15 MHz through 1 GHz, with
attcnuation characteristics from 3 through 16
sections. This scries offers the lowest center fre-
quency, lowest insertion loss, and highest power
rating available, according to the company. Its
aluminum case makes it lightweight and suitable
for many gencral and laboratory requirements.
Texscan

Circle No. 135 on Reader Service Card

HI-FI — AUDIO PRODUCTS

80-WATT P.A. AMPLIFIER
The Model 3281T 80-watt amplificr has been
| designed to handle any major public address
sound function including coverage of large audi-
toriums, factories, outdoor assemblics, and ath-
letic ficlds.

The solid-state circuit uses all-silicon transis-
tors for cool, long-lived operation at minimum
current drain. Features include a large master
’ gain control, separate mixer coutrols, and inputs
for two microphones, plus a fader for two auxil-
iary inputs. An anti-feedback switch helps to
prevent “squeal” and protects trumpet speakers.
There are separate bass and treble controls, a
high- or low-impedance mike switch, a mike
precedence feature for paging use, and a pilot
light.

The new amplifier measures 576" high x
15%4” wide x 112" deep. It weighs only 15

pounds. It may be used with appropriate speak-
ers, sound columns, or weatherproof trumpets
for either indoor or outdoor applications. Allied
Radio

Circle No. 4 on Reader Service Card

STEREO CASSETTE SYSTEM
A mini-compact sterco cassctte system has just
been introduced as the Model SHC-44. Consist-
ing of four units—a recorder deck, matching AM-
FM sterco tuner, and two matching speaker sys-
-

tems—the system is housed in teak wood cabinets.
The deck features piano-key function controls,
cassctte  cjection button, digital tape counter,
record level/battery  condition indicator, plus
volume, tone, and sclector controls. The circuit
uses 14 transistors. Operation is from 117 V a.c.
or six “D” cclls. Frequency response is 100 to
10,600 Hz.

The tuner features vertical slide-rule tuning,
FM sterco lamp, and a selector switch. It uses
13 transistors. The speaker systems each house a

\four-inch fuli-range PM dynamic speaker with
power handling ¢ pacity of five watts. Crown
Circle No. 5 on Reader Service Card

100-WATT STEREO RECEIVER

The Model S-7600a AM-FM sterco receiver
features 100 watts of power at 4 ohms. It uses

wWwWWwW. americanradiohistorv.com

integrated circuits for the FM if. and limiters
and FET’s for r.f. and mixer stages.

Front-pancl controls include rocker switches
for loudness compensation, main and/or remote
speaker switching, and tape monitor. Other con-
trols arc loudness and AM-FM tuning as well as
bass, treble, balance, and variable FM interchan-
nel hush. A threc-position switch on the rear
pancl adjusts the phono-input level to cqualize
the magnetic phono cartridge level to the tuner
signal level.

Over-all size is 16Y2” x 4V5” x 12" deep. It
is available in cither a walnut-grained leather-
ette metal case or an oiled walnut-wood cabinet,
both at cxtra cost. Sherwood

Circle No. 6 on Reader Service Card

TRANSCRIPTION TURNTABLE
A new and advanced transcription turntable
has just been introduced as the Thorens TD-125.
It incorporates a transistorized drive system which
reduces the speed of rotation of the motor to an

extremely slow value with the resultant complete
lack of audible rumble. Other features include
an electronic speed selector and pitch control,
three speeds—16, 33, 45 r/min, dynamically
balanced 127 diccast turntable, and a replaccable
tonearm for mounting a choice of toncarm. Elpa
Marketing
Circle No. 7 on Reader Service Card

TEACHING TAPES

The Wollensak Teaching Tapes library is now
available in cassette form and is being expanded
by 150 titles.

The prerecorded tapes, which were designed
for supplemental, enrichment, and individualized
instruction in language arts, scicnce, mathematics,
and social studies were introduced a year ago.

Availability of the tapes in cassette form coin-
cides with the availability of a heavy-duty cas-
sette recorder for classroom  applications, the
Muodel 2520AV. Each package, which is a book-
like box and fits on standard library shelves,
contains the prerecorded tape, a sct of 72 work-
sheets, and a teacher’s guide. 3M

Circle No. 8 on Reader Service Card

BOOKSHELF SPEAKER SYSTEM

The A-25 bookshelf speaker system is the first
in a new line and a departure from the com-
pany’s usual output of hi-fi components.

Of aperiodic design, the speaker uses a novel
acoustic impedance system to provide the effect
of variable cabinet volume. According to the
company, this design improves speaker damping
and contributes to improved low-frequency tran-
sient response.

The A-25 is an 8-ohm system, using a 107
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extended-excursion woofer and a new non-rigid
Lemispherical tweeter with a 1500-Hz non-
inductive crossover network. With a constant
25-watt input, total harmonic distortion stays
below 3% above 50 Hz and is far lower above
1000 Hz, according to the company. It is suit-
able for use with power amplifiers having con-
tinuous power ratings between 15 and 60 watts.

The compact 20”7 x 112" x 10" deep cabinet
is available in oiled walnut with a natural linen
grille cloth. Recessed binding posts and hangers
far Hush wall mounting. and a 5-position tweeter
level control are included. Dynaco

Circle No. 9 on Reader Service Card

CB-HAM-COMMUNICATIONS

BATTERY-BOOST REGULATOR

A new battery-boost regulator for CB and Busi-
ness mobile transceivers is now available. The
solid-state direct-current regulator boosts avail-
able supply voltage—which can be as low as 11
volts—to the required value. It delivers a fixed
output to the communications equipment. from
no-load up to its rated 2 A maximum. Factory
preset to deliver 15.5 volts, the regulator can be
adjusted for output voltage from 12 to 16 volts.
Mark Products

Circie No. 10 on Reader Service Card

CB RADIO/MONITOR RECEIVER
The “Telsat 150 is a two-way CB radio plus
a police and fire monitor receiver, packaged as a

single unit. The all-solid-state unit is designed to
provide reliable mobile two-way communications
on all 23 crystal-controlled CB channels as well
as reception on v.h.f. FM police and fire frequen-
cies in the 150-174 MHz band.

Completely self-contained, the unit includes
a built-in power supply for 12 V d.c,, negative
or positive ground, and will operate on 117 volts
a.«. with an optional power supply. The circuit
uses one 1C, one FET, and 25 transistors, plus
9 diodes. Sensitivity is 0.7 4V on CB and less
than 1 £V on v.h.f. FM. The CB unit also has a
TVI trap and a socket for an optional private
tone caller.

The unit comes complete with all crystals, ex-
cept for the 150-174 MHz band, and a mobile
mounting bracket. It measures 24" high x 6%2”
wide x 8” long and weighs 7%2 pounds. Lafayette

Circle No. 11 on Reader Service Card

TRANSFORMER-BALUN
The TRS-57 transformer-balun has been devel-
oped to permit any short-wave listening doublet

to be adapted to reccive standard broadcast bands !

below 4+ MHz. On these bands, the transformer-
balun llll()n].lllt.l“y transforms the doublet into
a long-wire antenna, thus climinating the need
for an additional antenna to receive local sta-
tions and distant cities.

On regular short-wave bands, the TRS-57 acts
as a balun to provide balanced receiver input. It
can be easily installed on the back of the SWL
receiver with a screwdriver. Mosley

Circle No. 12 on Reader Service Card

23-CHANNEL CB UNIT

The Model A-2569 23-channel CB transceiver
is all-solid-state and uses 31 active semiconductor
devices including silicon and ficld-effect transis-
tors, an IC, silicon diodes, and a zener diode.

The unit may be used as a base station or can
be installed in a car or boat. It measures 135"
high x 6%" wide x 7%4"” decp. The full legal-
limit 5-watt input and a speech compressor pro-

listen to the
experts...

An expert hears music one
way; you hear it another.
Nothing is more personal

STEREO
MUSIC .,
- CENTER
from**shelf
speakers®

i
model 303

we can’'t seem to stop designing new
and better cabinets. . . have you
seen our brochure lately? it's free.

for a fast reply, mail this ad with your
return address.

audio originals

5456 5. Meridian « |Indianapolis, Ind.
CIRCLE NO. 121 ON READER SERVICE CARD

than a man's relationship with his music. So no
one can recommend a certain sound, or speaker
to you. No one knows that much about you.
That's why University offers the widest selec-
. tion of speaker systems in the industry — bhe-
cause as a listener you are your own expert.
And because every expert also has his own price
range, the University line starts at less than $50
and extends beyond $300.

There's only one way to choose. Look and listen,
until one particular sound, style, and price
reaches out and grabs you. If you look and
listen closely enough — chances are you'll
choose University.

UNIVERSITY'SOUND

A DI VISION OF LTV LING ALTEC. INC.
9500 W. Reno Oklahoma City, Oklahoma

CIRCLE NO. 81 ON READER SERVICE CARD
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listen to
the speakers

(Pictured: Senior 111, Estoril, Laredo speaker, with the Studio Pro
120A — world’'s only certified receiver — all by University Sound.)
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TUBE

' TESTER
OWNERS

WE HAVE THE
LATEST TUBE

DATA AND *HEpy

ADAPTERS :“"cks':)

FOR — o Mgy DN
R

Don't let your
tube tester
become
obsolete

CLIP AND MAIL COUPON TODAY

< COLETRONICS SERVICE [NC. 6
e 1744 Rockaway Ave., .
s Hewlett, N.Y. 11557 :
o Please send me information on M
. Model No.____and Make :
« Name &
« Address .
¢ City State Zone .
c........Q..................'

IRCLE NO. 116 ON READER SERVICE CARD

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Valve Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi’'s, and thousands

of other Electronic Values. Credit plan

available.
NAME
ADDRESS
ciry

GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS

360 S. Forge Street Akron, Ohio 44308

CIRCLE NO. 92 ON READER SERVICE CARD

STATE

vide maximum talk power and transmitting
range, according to the company.

The transceiver features a dual-conversion
superhet receiver with a sensitivity of 0.2 nV,
adjustable squelch control, a.g.c., and a.n.J. The
transmitter section features 100% modulation
capability, solid-state transmit/ receive switching,
and a stable frequency synthesizer that permits
crystal-control transmit and receive operations on
all 23 channels. Allied Radio

Circle No. 13 on Reader Service Card

MANUFACTURERS’ LITERATURE

MOS /LSI BROCHURE

A 44-page brochure describing MOS /LSI inte-
grated circuits and other recent MOS IC products
is now availablc. The 8%%” x 11" reference guide
provides a section on MOS standard off-the-shelf
products and a second section on custorn MOS
arrays, including the company’s “Micromosaic™
arrays. llustrative charts and diagrams are in-
chuded.

The standard products section featurcs a serics
of onc-page specifications on the firm’s complete
linc of MOS circuits. These products include
more than ten standard LSI circuits as well as a
representative cross-section of static and dynamic
type circuit designs to complement the LSI de-
vices. Fairchild Semiconductor

Circle No. 136 on Reader Service Card

CALCULATORS /TECH BOOKS

A new 32-page cataloguc containizg full de-
scriptions of a line of design slide - .ies and data
selectors, drafting templates, handbooks, man-
uals, technical books, curves, kits, and converters
is now available.

Designed for electronic, mechanical, chemical,
manufacturing, and structural designers, engi-
neers, and draftsmen, all the products listed in
the catalogue are available from stock. TAD
Product

Circle No. 14 on Reader Service Card

IC SHORT-FORM CATALOGUE
A 24-page catalogue containing reference data
on op amps, voltage regulators, communications
circuits, TTL 54/74 series, TTL MSI types, MOS
memories, analog switches, and logic elements
has just been issued. National Semiconductor
Circle No. 137 on Reader Service Card

ELECTROLYTIC REPLACEMENTS

A new 68-page cross-reference guide has been
compiled to offer the service technician a handy
tool for locating single, dual, triple, and quad-
ruple section replacement electrolytics quickly
and easily.

The twist-prong electrolytics are listed in three
different ways: by catalogue number, by capacity,
and by voltage. There are also three cross-refer-
ence sections in the book designed to solve selec-
tion problems. The first is a complete “Color-
Lytic” cross-reference between OEM numbers of
42 color set manufacturers and equivalent cata-
logue numbers; the second is between catalogue
numbers of other manufacturers and the com-
pany, and the third is between OEM numbers of
major black-and-white set makers and the com-
pany’s numbers. Cornell-Dubilier

Circle No. 15 on Reader Service Card

SCHOOL PIRECTORY
A new up-to-date “Directory of Accredited
Private Home Study Schools” has been issued by
the Accrediting Commission of the National
Home Study Council and is available for distri-
bution.
The listing is designed to assist interested per-

v
r _H._..._.—,._ﬁ — a wWwW.americanradiohistotv.com

sons in selecting a home study school and to
inform them of the hundreds of courses avail-
able. National Home Study Council

Circle No. 16 on Reader Service Card

POWER-SUPPLY CATALOGUE

A comprehensive 56-page catalogue of power
supplies, instruments, and systems for laboratory,
test equipment, and OEM applications is now
available.

The catalogue gives detailed specifications and
prices and complete ordering information for
cver 300 modcls of power supplies, gives details
on a complete power-supply asseinbly systems
using standard components and accessories sup-
plied preassembled ready to plug into a custom-
er’s system, and provides a convenient selection
guide which lists all models with specifications
and features to facilitate selection. Lambda

Circle No. 138 on Reader Service Card

LOUDSPEAKER CATALOGUE

Catalogue 1090-C covers the firm’s “Concert”
and “Viking” scries loudspeakers designed for
custom installation and replacement applications.
The publication also lists details on the “Con-
cert-Vibranto” line of electronic musical instru-

ment speakers and spcaker systems. Jensen

Circle No. 17 on Reader Service Card

QUARTZ CRYSTALS

A new listing of low- and high-frequency
crystals in a range from 90 kHz to 210 MHz is
contained in a new four-page bulletin. Available
in a range of sixteen sizes and types of holders.
the crystals cover both standard and custom
units for a wide variety of applications. Complete
specifications and dimensional data are provided.
Tedford

Circle No. 139 on Reader Service Card

ELECTROLYTIC DATA

A six-page “Color-Lytic” catalogue listing ev-
cry electrolytic capacitor in the company’s line
is now available for distribution. The selection
offers single, dual, triple, and quadruple section
clectrolytics. The 250 units are designed as re-
placements for over 2500 different capacitors.

The listing also has blank space for each rat-
ing that can be used for inventory taking, price
notations, and product movement indication.
Cornell-Dubilier

Circle No. 140 on Reader Service Card

TRANSDUCER DATA
A large summary chart listing the character-
istics of the firm’s line of standard surface-type
temperature transducers is now available for dis-
tribution. The chart describes over a dozen mod-
els and gives operating characteristics, accuracy
ranges, sizes, and general features. Trans-Sonics
Circle No. 141 on Reader Service Card

SWITCH CATALOGUE

A new 16-page catalogue giving complete tech-
nical specifications on six new series of miniature
rotary switches has just been issued. Included for
the first time are many modifications which can
now be obtained on various switches. Such modi-
fications include units designed for PC use, plus
switches with specially coded outputs, including
decimal-to-binary for digital work. RCL

Circle No. 142 on Reader Service Card

AIR TRIMMER CAPACITORS

Information and data useful to users of air
dielectric trimmers is included in a new issue of
“Trimmer Topics,” a publication slanted to the
design engineer.

The two-page publication provides a compari-
son of rotating vs non-rotating concentric ring air
trimmers, features of the company’s new “A”
line trimmers, and a comparison of concentric
ring air trimmers vs piston-type trimmers. Vol-
tronics

Circle No. 143 on Reader Service Card

PC HEAT-RISE DATA
A chart showing how the thickness of condunc-
tors affects circuit temperature at various voltage

ELECTRONICS WORLD
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and current levels is now available. The chart has

been prepared to aid the designer or specifier of

die-stamped and etched printed circuits. GTI
Circle No. 144 on Reader Service Card

CAST MICA CAPACITORS

New data on cylindrical-body cast mica capaci-
tors for operation up to 125° C is presented in
Bulletin No. 1240A. Types 375M, 380M, 385M,
and 390M capacitors use a so-called “solid im-
pregnant.” This impregnation method eliminates
all air voids and makes it possible to obtain high
insulation resistance, “Q”. and voltage break-
down parameters.

The r.f. current ratings for cach standard cata-
logue rating and complete performance charac-
teristics are also included. Sprague

Circle No. 145 on Reader Service Card

INSTRUMENTATION CATALOGUE

The newly published Scientific Instrumentation
Catalogue is now available for distribution. This
68-page catalogue lists instruments for research
and development, in industry as well as for edu-
cational purposes. Included are full specifications,
illustrations, and many schematics covering a
spectroscopy system, instrumentation laboratory,
chart recorders, recording pH electrometers, polar-
ography system, physics lab. as well as scopes,
power supplies, voltmeters, signal generators,
testers, and bridges. Heath

Circle No. 146 on Reader Service Card

LINEAR 1C’s

A 28-page brochure which is designed to help
electronics engineers solve complex design prob-
lems by means of second generation integrated
circuits is now available.

The publication is divided into three parts.
Section 1 describes seven off-the-shelf devices
and provides all the information needed to incor-
porate them into circuits. Section 2 discusses ap-
plications for these units and Scction 3 outlines

clectrical characteristics and parameters that will

chure, along with a listing of the company’s sales

appear as tomorrow’s standard products.
Ordering information is included in the bro-

offices and stocking distributors. Fairchild Semi-
conductor
Circle No. 147 on Reader Service Card

ELECTROLYTIC BULLETINS

Axial-lead aluminum electrolytic capacitors are
described in two new bulletins now available.
Covered in a 12-page publication is the Type 056
capacitor which is available in capacitances from
2.4 to 15,000 uF and in cases with diameters
ranging from 0.5 to | inch and lengths from
1.125 to 3.625 inches. Operating temperature
ranges from —40 to +85° C.

The other bulletin, containing 16 pages, covers
the Type 556 computer-grade capacitor. This
unit has an operating temperature range of —40
to +105° C and is available in capacitances
from 5 to 2000 uxF. Diameters range from 0.375
to 0.500 inch and lengths from 0.687 to 2.125
inches. Sangamo

Circle No. 148 on Reader Service Card

PHOTO CREDITS
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1 CATALOG

536
PAGES

* Electronjc g
* Stereo Hi.F;
* Tape Recorders

Hobby Kits

TOP SAVINGS ON
THE BEST IN
ELECTRONICS

FOR EVERYONE

Shop by mail and save at

Allied, werld's largest

electronics headquarters.

Hundreds of

money-saving values.

NO MONEY DOWN.

Up to 2 years to pay!
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: Tubes, Transistors
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CIRCLE NO. 123 ON READER SERVICE CARD

s

DRAKE FILTERS

—

High Pass Filter
MODEL TV-300-HP  $4 50

Provides more than 40 db
attenuation at 52 MC and
lower. Protects the TV set
from amateur transmitters
6-160 meters.

Write for free brochure. ..

-

Band Stop Filter
MODEL TV-300-FMS 3450

FM broadcast transmitters
can cause TV interference.
The TV-300-FMS installed
in TV antenna lead will clear
up entire FM band, no ad-
justment required.

R.L.DRAKE COMPANY

April, 1969

CIRCLE NO. 112 ON READER SERVICE CARD

-
m m m
for elimination of
m m
Television Interference
Wl H TH AR
: D P( ﬁ%’ &
X w; 88 to
5 (8 108
- MHz
L

Tunable Trap AC Line Filter
MODEL TV-300-FM| 3450 MODEL LN-4... 3730
A bridge-null network gives Isolates transmitter or TV
a very sharp deep notch at set from RF on power line.
one frequency which is ad- Attentuates 500 KHz to over
justable 88 to 108 MHz. 200 MHz. 125 VAC, 6 amps

max.
Prices and specifications subject to change without notice.
540 RICHARD ST., MIAMISBURG, OHIO 45342
87

www.americanradiohistorv.com


www.americanradiohistory.com

For Top Performance And Value In Electronics —

Introducing The NEW Heathkit 1G-28

Color Bar —

Dot Generator...
Advanced IC Design
Gives 12 Patterns Plus
Clear Raster Display &
Eliminates Divider Chain

HBATHINY COLOM AR anNG DOY fSENERATOR MODEL 10-we

®)

Instability Forever!

Stable Integrated Circuitry
And Well-Engineered Layout

Circuit Board-Wiring Harness Construction. Note the extremely clean,
open layout another advantage of integrated circuitry. The Video board 1s
upper left. the Divider board mounts on the chassis.

Fast Switch Selection Of Either
Standard 9 x 9 Exclusive Heath
OR

Display "3 x 3" Display
I H :
i
Color Bars Shading Bars 3x3 Color Bars 3x3 Shading

Dot Pattern Cross Hatch 3x3 Dot 3x3 Cross Hatch

e

Horizontal Bars Vertical Bars 3x3 Horizontal 3x3 Vertical

The Most Advanced Instrument
In Color TV Service

e All solid-state construction using Integrated Circuitry ¢ No divider
chain adjustments ¢ Stable pattern display — no flicker, bounce or jitter
® Produces 12 patterns plus clear raster ¢ Instant switch selection of all
functions e Exclusive 3x3 display plus standard 9x9 display of all patterns
e Horizontal lines only one raster thick for added accuracy ¢ Variable
front panel tuning for channels 2 through 6 e Variable front panel
positive and negative video output ¢ Front panel negative going sync
output ¢ Two handy AC outlets on front panel ¢ Built-in gun shorting
circuit with lead piercing connectors ¢ Front panel switchable crystal
controlled sound carrier ¢ Copper-banded transformer to reduce stray
fields ¢ Safe three-wire line cord ¢ Fast, easy construction with two
circuit boards and two wiring harnesses

The new Heathkit 1G-28 is the ultimate signal source for all Color
and B&W TV servicing. No other instrument at any price will give
you as much stable, versatile TV servicing capability. Here are
the details:

All Solid-State Circuitry produces dots, cross-hatch. vertical and
horizontal lines. cotor bars and shading bars in the familiar 9x9
display . . . plus the exclusive Heath 3x3 display of all these patterns
s0 necessary for static convergence, linearity and color demodulator
phase adjustments . . . plus a clear raster that lets you adjust purity
without upsetting AGC adjustments. Fifteen J-K Flip-Flops and
associated gates count down from a crystal controlled oscillator,
climinating divider chain instability and adjustments.

Time-Saving Versatility. While many generators only give you one
or two channel capability, the new 1G-28 has variable {ront panel
tuning for channels 2 through 6. The RF tank coil is actually etched
Into the circuit board for extra stability. Plus and minus going video
signals are available at the turn of a front panel control. And for
sync, in-circuit video or chroma problems, there's a front panel
sync output. Convenient AC outlets are provided for degaussing
coil, test instruments, TV set ete. Built-in gun shorting circuits and
grid jacks are also included. Add any service type scope (with hori-
zontal input) to the 1G-28 and you have vectorscope display capa-
bility too. Other features include a crystal controlled sound carrier
oscillator, a well regulated full wave power supply with dual primary
copper-banded transformer, safe three-wire line cord, and rugged.
compact Heath instrument styling. Two circuit boards and two
wiring harnesses provide easy construction in about ten hours. Start
enjoying the versatility you couldn’t get before . . . put the remark-
able new Heathkit 1G-28 on your service bench now.

Kit 1G-28, B IDS.ueureeneenrenreneeneennensernesnesacennannass. $79.95%
ELECTRONICS WORLD
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Look To The Leader - s [E——

Now There are 4 Heathkit Color TV's...
All With 2-Year Picture Tube Warranty

NEW Deluxe “681* Color TV With Automatic Fine Tuning

The new Heathkit GR-681 is the most advanced color TV on the market. A strong kit GR-681
claim, but easy to prove. Compare the 681" against every other TV — there

isn’t onc available for any price that has all these features. Automatic Fine Tuning $49 9 gh*
on all 83 channels . . . just push a button and the factory assembled solid-state

circuit takes over to automatically tune the best color picture in the industry. (less cabinet)
Push another front-panel button and the VHF channel selector rotates until you
reach the desired station, automatically. Built-in cable-type remote control that
allows you to turn the 681" on and off and change VHF channels without
moving from your chair. Or add the optional GRA-681-6 Wircless Remote
Control described below. A bridge-type low voltage power supply for superior
regulation; high & low AC taps arc provided to insure that the picture trans-
mitted exactly fits the 681" screen. Automatic degaussing, 2-speed transistor
UHF tuner, hi-fi sound output, two VHF antenna inputs . . . plus the built-in
sclf-servicing aids that are standard on all Heathkit color TV’s but can’t be
bought on any other sct for any price . . . plus all the features of the famous *295™
below. Compare the 681’7 against the others . . . and be convinced.
GRA-295-4, Mediterranean cabinet shown. .. .............. $119.50*
Other cabinets from $62.95*

Deluxe ‘295" Color TV... Model GR-295

Big, Bold, Beautiful . . . and packed with features. Top quality American brand
color tube with 295 sq. in. viewing arca . . . new improved phosphors and low
voltage supply with boosted B + for brighter, livelier color . . . automatic de-
gaussing . . . exclusive Heath Magna-Shield . . . Automatic Color Control &
Automatic Gain Control for color purity, and flutter-free pictures under all
conditions . . . preassembled IF strip with 3 stages instead of the usual two . ..
deluxe VHF tuner with “memory’” fine tuning . . . three-way installation — wall,
custom or any of the beautiful Heath factory assembled cabinets. Add to that
the unique Heathkit self-servicing features like the built-in dot generator and

kit GR-295
now only

449%"

{less cabinet)

full color photos in the comprehensive manual that let you set-up, converge and kit GR-227
maintain the best color picture at all times, and can save you up to $200 over the now only
life of your set in service calls. For the best color picture around, order your $ g5*
*295" now. 3 99
GRA-295-1, Walnut cabinet shown................. B Ba0Ba0n $62.95* !
Other cabinets from $99.95* (less cabinet)

Deluxe "*227" Color TV... Model GR-227

Has same high performance features and built-in servicing facilities as the
GR-295, except for 227 sq. inch viewing area. The vertical swing-out chassis
makes for fast, casy servicing and installation. The dynamic convergence control
board can be placed so that it is casily accessible anytime you wish to “touch-up®
the picture.

GRA-227-1, Walnut cabinet shown.................. veee....$59.95*
Mediterranean style also available at $99.50*

Deluxe 180" Color TV... Model GR-180

Same high performance features and exclusive self-servicing facilities as the
GR-295 except for 180 sq. inch viewing arca. Feature for feature the Heathkit
180" is your best buy in deluxe color TV viewing . . . tubes alone list for over
$245. For extra savings, extra beauty and convenience, add the table model
cabinet and mobile cart.

GRS-180-5, table model cabinet and cart. . ... SB000 00008 ....$39.95*
Other cabinets from $24.95*

Now, Wireless Remote Control For Heathkit Color TV's

Control your Heathkit Color TV from your casy chair, turn it on and off, New Wireless
change VHF channcls, volume, color and tint, all by sonic remote control. No A v neé?f«oté"éﬁitmr
cables cluttering the room . . . the handheld transmitter is all clectronic, powered " For GR 295, GR-227
by a small 9 v. battery, housed in a small, smartly styled beige plastic case. The GR-180 .
receiver contains an integrated circuit and a meter for adjustment case. Installa- $6995

tion is casy cven in older Heathkit color TV’s thanks to circuit board wiring N Wirel
harness construction. For greater TV enjoyment, order yours now. TV ,fg’:’,,m;'%ﬁ,s,im,

kit GRA-681-6, 7 Ibs., for Heathkit GR-681 Color TV’s........$59.95" R (LR
kit GRA-295-6, 9 Ibs., for Heathkit GR-295 & GR-25 TV's....$69.95" $5995‘
kit GRA-227-6, 9 |bs., for Heathkit GR-227 & GR-180 TV’s... $69.95"

kit GR-180
now only

3495

(less cabinet)

r—,—————————— —————— FHHATHIF IT" miai
NEW | HEATH COMPANY, Dept. 15-4 |
i Benton Harbor, Michigan 49022 |
FREE 1969 CATALOG! | O Enclosedis$ , plus shipping. i
Now with more kits, more color. i Please send model (s) |
Fully describes these along with O Please send FREE Heathkit Catalog. 01 Please send Credit Application.
over 300 kits for stereo/hi-fi, | |
color TV, electronic organs, elect ] Name i
tric gunar & amplifier, amateur
radio, marine, educational, CB, | Address |
home & hobby. Mail cougon or | B |
write Heath Company, Benton City State Zip
Harbor, Michigan 43022. I _ Prices & specifications subject to change without notice.  *Mail order prices; F.0.B. factory. CL-354 _!
CIRCLE NO. 104 ON READER SERVICE CARD
April, 1969 91
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228 GIANT VALUE-
_ PACKED PAGES
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FLECTRONIC

srEIN AVITEBER
.

YOUR BUYING GUIDE FOR . .
TV's, Radios, Recorders, Phonos
Amateur and CB equipment elec-
' | tronic parts, tubes and test equip-
4 ment . . . plus featuring B-A's
famous bargain packed section!

BUR.
w

WRITE FOR YOUR FREE CATALOG TODAY!
IS TN T I D T N e
BURSTEIN-APPLEBEE CO., DEPT. EW-D
3199 MERCIER ST., KANSAS CITY, MO. 64111

Name,

Address
I City.

‘ State
]

N N D S S
CIRCLE NO. 118 ON READER SERVICE CARD

Zip Code

V.__/V

.
Model AMP-25/2 7
MATV DISTRIBUTION AMPLIFIER KIT r@.;:.g\; |

for 75 Ohm Coax VHF Color/B&W TV E[/e

A gold mine waits for the man who can insure quality
TV reception in fringe reception areas. Now it’s easy
for you to work that mine. Mosley’s new MATV Dis-
tribution Amplifier Kit contains in one package all

the components for a two-outlet amplified system.
Simpie system design. Easy installation. Loss factors
already figured for you. Write Dept. 180 for details.

. EZ‘ 4610 N. Lindbergh Blvd.,
”ﬂ"/.q %’w Bridgeton Missouri 63042
CIRCLE NO. 95 ON READER SERVICE CARD
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SAVE
WITH A SINGLE-TURN POT

By LOUIS CASO
Westinghouse Electric Corp.

Aplacticdl method of obtaining the fine adjustment that
is usually associated with o 10-turn pot is to parallel
a I-turn linear pot with a conunon resistor (Fig. 1A),

The total resistance hetween A and B, Ry, is a function
of the changing parallel resistance of Ry and R; as the pot
is rotated. This change will be rapid as the pot is rotated
from fully clockwise (C\V) position to about one-half wayv
(0% to 50%). As the pot continues to move to the fully
counterclockwise (CCV) position (50% to 100%) the
change in Ry will then be relativelv small.

To illustrate, if a 100,000-ohm  single-turn pot and a
25.000-ohim resistor are ln‘uld])le, wiring the two compo-
nents as shown in Fig. 1B will give the Lh.lmctul‘:tlc de-
scribed Dy the curve R = 4R, in Fig. 2

In Fig. 1B the pot is in the fully C\V position (0%

rotation). Ry is 0. With the potentiometer half rotated
(Fig. 1C) R, is 50% of its rated value; thus
(0.50) (100k) (51\)
R, = = 16.7k 5 or
= 050) (100k) T 25Kk = 16.7k ohms or 67% Ry..

In the fully CCW position (Fig. 1D),

_ (100k) (25k)
7 00k + 25k

The change in Ry between half rotation and fully CW
position is: 100 X [(80/67)-1] = 20%.

This example is for a pot value four times the value of
the resistor (R, = »R,). Without calculation, the charac-
teristic over the cutire range of rotation can be seen in
Fig. 2. The values available in the parts box govern what
curve should be used. If linearity is not a eritical factor in
a circuit, you can save a few dollars by using a single-turn

= 20k ohms or 80% R;.

rather than a multi-turn pot. A
a cew B
o—
Re
Fig. 1. Using
a one-turn
Ry=0 pot. Refer
text for de-
5 D A tails on vari-
2‘ ...... : 04 ous positions,
Rp=I00l Re =100k
R, = 25K Ry 225Kk
(8} (D)
100 - — - .
100% |
uouno» |
T [EET
Ry
Fig. 2. Using

the curve to
determine
values of Ry.

Ry{aS A PERCENT OF Ry}

o 10 20 30 40 50 60 70 80 90 100
P (PERCENT ROTATION OF POTENTIOMETER)

ELECTRONICS WORLD
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ per word (including name and address). Minimum order

$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order and
remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.
Higgins Rd., Chicago, Ill. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS Surplus. new, used, panel or port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

MUSIC LOVERS, CONTINUOUS, UNINTER-
RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z
NW 7th AVE., MIAMI, FLORIDA 33168.
TREASURE HUNTERS! Prospectors! Relco’s new
instruments detect buried gold, silver, coins.
Kits, assembled models, Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

A FEW COUNTERS FROM OUR LIST:

10 Hz to 510 MHz: USM-u8 pilus 5250 925.00
10 Hz to 510 MHz: H.PP. 221B LA/ 525¢ 995.00
10 Hz to 510 MHz: i P 4241:/5354/525C. ,1095.00
2 MHz Preset & Eput Solid-tale inline . ... 395.00
1 MHz Universal (rey. & period, etc 295.00
WWV Receiver/Comparator .. .......... 195.00

A FEW OSCILLOSCOPES FROM OUR LIST:
. T EE1 with phagin 4
3% with pluw:

545 with pdag
5455 with oha
Child 2-trace Solid-s
Dumont 2-Gun 100 nucrovalt T
Dumont 304A overhauled & calihated ... ... 1
H.P, Sampling Scope plus Delay Line

A FEW SIGNAL GENERATORS FROM OUR LIST:
Meas. Corp. x82: 20 Hz to 50 Miz CW or AM un to
DG, Ouiput rylib. 1o 1 v 'nto 50 omms. It i= the
LK G with ||~1k|- ' /\u('||.|.|ll/ EAnY 1o UEe il
1or wurnouts., Like new, w/boo ’,

S-traccable calib A i, P e 450.00

Marconi TF-801D/1: 10 to 470 MHz CW & AM up to
Gl Xtl-calib each 2 & 5 MHz and rescttable digl

hai-Hace, AGe keeps level constant. 0.1 uv to 1 v
frum 50 cihms into Type N, Cap.-coupled turret
\\\llu'l{ no |.|lll.|n;:d contacts, /IQII. wally zero leakage
: FM, Like brand new, w/NB

callb & HBOOKk 44 vccnr v s 595.00

H.P. =608A: 10-500 MHz CW or AM up to 909 . 0.1
uv to over 1.0 v into 50 ohms. Like new,
NBS-ttaceable calib. & hook 395.00

H.P, #608B: Similar above, 10.400 MHz , 375.00

M.P. =608D: 10120 MHz, like new, with
NBS-traceable calib. & ook ., e 950.00

ULTRA-WIDE-BAND RECEIVER:
AN/ALR-5| 1.t postwar AM/FM  Countermeasures
revr. Has S.Meter: ile 1F Atten. & passhand 102
or = MHz from 30 center): AF, Video & I'an,
outputs. New, modified for 1200 v 60 Hz. Includes new

Method I} pack) 4-baad nplugin eeaverter .038-1 GHz
4 Type-N plugs automaticatl ol
lands are switched. Sensit. at —6

-t correct ant. as
it settinr: Bls uv

WHOLESALE components: Manufacturers and
distributors only. Request free catalog on busi-
ness letterhead. WESCOM, Box 2536, ElI Cajon,
California 92021.

ELECTRONIC ignition, various types. Free litera-
ture. Anderson Engineering, Epsom, N.H. 03239.

SEND ONLY 25¢ for TWO new & unique catalogs
of unusual items for home & auto. You’ll also
receive certificate for $1.00 refund on your first
order. Great ideas! Send now! J. Ross, 80-34
Kent St., Jamaica, N.Y. 11432, Dept. EW.

INVESTIGATORS, LATEST ELECTRONIC AIDS.
FREE LITERATURE, CLIFTON, 11500-J NW 7th
AVE., MIAMI, FLORIDA 33168.

FREE ELECTRONICS PARTS FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS,
BLUFFTON, OHIO 45817.

FIND BURIED TREASURE with the most popu-
lar transistorized metal detector in the country.
Treasure Probe available as kit ($14.88), assem-
bled $(18.88), with powerful builtin speaker
($24.88). Schematic, parts list, and step by step
instructions $1.00. Ten day money back guar-
antee. Free catalog available. Treasure Probe
Dept. EGI, P.O. Box 64, Lakewood, New Jersey
08701.

ELECTRONIC bargain catalog on unusual kits,
parts, do-it-yourself, stereo, intercom, Alcon,
P. O. Box 1348 W. Lawrence, Mass. 01843.

EUROPEAN wholesale new products catalog.
$1.00 refundable. Deecow, 10639 Riverside,
North Hollywood, Calif. 91602.

JAPAN HONG KONG DIRECTORY. Electronics,
all merchandise. World trade information. $1.00
today. Ippano Kaisha Ltd., Box 6266, Spokane,
Washington 99207.

RECTIFIERS, transistors, other components.
Free Catalog. Lowest Prices. Electronic Com-
ponents Co., Box 2902E, Baton Rouge, La.
70821.
FREE Catalog low priced, high performance sub-
miniature iisten-in devices direct from manufac-
turer. Dealers weicome. Emery W-4, 156 Fifth
Avenue, New York, N.Y. 10010.
TEST equipment. Immediate delivery. Most
Models. Sencore, B & K. Ship anywhere. Catalog
free. Signal Electronics, 555 New Park Ave.,
West Hartford, Conn. 06110.
GARRARD Record Changers, Hi-Fi Components,
Cartridges, Needles, Tape, TV Parts, Schematics.
Write for Unbelievable Prices. Gregg Electronics,
| P.O. Box 184, Glen Head, N.Y. 11545,
ULTRA-SENSITIVE AND POWERFUL METAL
DETECTORS—join the many who are finding
buried coins, minerals, relics and artifacts. Don't
| buy till you see our FREE catalog of new models.
Write Jetco, Box 132-EW, Huntsville, Texas
| 77340.

’ AVIATION radio sales service business. Sandy's |

AER, 404-227-1442, Griffin, Ga. 30223.

POCKET MONITOR RECEIVER, crystal controlled,
low priced. Free catalog. JMD Electronics, 328
| Madison Avenue, West Hempstead, N.Y. 11552,

thru 1::y MHz 13 thyo 780 MHz & 43V at 1 GHz,
BRAND NEW, with book & mating pwr-in.

but plug, only e R e o B T 275.00
Add for plugin 975-2200 MHz

w/ book AL 150.00
Add for plugin 2.175—4 GHz

w/book . ..... CECR RSy P PO 1) W 75.00
A.R.C. R13B Command rcvr 108-132 c 27.50
A.H.C. B-11A modern Q-5'er 190-550 kc 1z 05
SiLIG. RECT 8000 PIV 400 MA, pair.. ...

B33 aRC-5 Command revr 190.550 ke 14.9%
a.M.C. 12 = 22 Commund revr 540-1800 ke, 17.9%
LM-14 freq. meter, .01% 125 ke-20 mc 57.90

SP.-600-JX ultra-clean, in cabinet, aligned, ready to
use, 0.54- mc. w/xtl filter & vprovisions for i
favorite statlons to be xtl seclected. 325 00
Only ! g

WE PROBABLY HAVE THE BEST INVENTORY OF
GOOD LAB TEST EQUIPMENT IN THE CoO

BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR
SPECIFIC ITEMS OR _KINDS OF ITEMS YOU NEED!
WE ALSO BUY! WHAT DO YOU HAVE?

R. E. GOODHEART CO. INC.

Box 1220-A, Bevarly Hills, Calif. 90212
Phoned: Arca 213 oMlce ITI-STOT, mesksages ZTH-5342

April, 1969

‘ELECTRONICS ENGINEERING
AND INSTRUCTION

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantam Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

WwWWW.americanradiohistorv.com

FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Write Elkins Institute, 2603C, Inwood
Road, Dallas, Texas 75235.

R.E.l.'s famous (5) week course for the First
Class Radio Telephone License is the shortest,
most effective course in the nation. Over 98%
of R.E.l. graduates pass F.C.C. exams for 1st
class license. Total tuition $360.00. Job place-
ment free. Write for brochure Radio Engineering
Incorporated Schools, 1336 Main Street, Sara-
sota, Florida 33577—or 3123 Gillham Road, Kan-
sas City, Missouri 64109—or 809 Caroline Street,
Fredericksburg, Virginia 22401—or 625 E. Colo-
rado Street, Glendale, California 91205.

SHIP RADIO OFFICER TRAINING——SHIPS have
been held up awaiting needed personnel. Train
now at Long Beach the home of the Queen
Mary. Radio officers earn to $1800.00 monthly.
Write for free information. Western Technical
School, 5459 Atlantic Avenue, Long Beach,
Calif. 90805, Desk B. Approved for Veterans.
ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

~ LIBERTY PAYS MORE! ~
WILL BUY FOR CASH

ALL TYPES:
* ELECTRON TUBES
* SEMICONDUCTORS
* TEST EQUIPMENT
' | * Military Electronic Equipment

WIRE—WRITE—PHONE COLLECT!
We pay freight on all purchases—

LIBERTY OFFERS MORE!
PRESTEL FIELD STRENGTH

METER ] 1.
(Model 6T4G)

Only

$‘|20[]l]

Calibrated from 40 to 230, and 470 to 860
in 4 Bands Megahertz, from 10 to 50,000
Microvolts. Nothing makes it easier to prop-
erly and speedily find the correct place to
insiall TV, FM and Communication Antennas.
You can measure ond hear the signals with
this 4, volt battery economically powered
unit. There is nothing else like it!

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (212) 925-6000

CIRCLE NO. 97 ON READER SERVICE CARD
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tronic Gear.

lunded with First Order!

NEW G & G CATALOG

24 PAGES, crammed with Gov't Surplus Elec-
Biggest Bargain Buys in Americal It
will pay you to SEND 25¢ for your copy—Re-

weowraphic position of your
and receiver complete with
INDICATOR 1D-6B/APN-4,

poat or_ plane.
all guhes and crystal.
and RECEIVER
R-9B/APN-4, complete with tubes. kxe. Used

90803.
-3 LORAN APN-4
- TRE) FINE QUALITY
3 NAVIGATIONAL
- & EQUIPMENT
“4-Channel lony range dual units. wlll determine exact

Indicator

$86.50

& INDICATOR

LORAN R-65/APN-9 RECEIVER

TUBES

PLANS AND KITS

REGULATED Power Supplies $2.75—$8.50.

INTEGRATED CIRCUIT KITS: COMPUTER,
AUDIO, Others. New catalog free. KAYE ENGI-
NEERING, Box 3932-B, Long Beach, California

10
AMP Tiiac $1.75. Nixie, Driver-Decimal Countc:
$9.50. Catalog. Murphy, 204 Roslyn Ave.,
Place, N.Y. 11514,

PROXIMITY TACHOMETER, for pick up from sig-
nal magnets. Plans $3.00. Reb Engineering, P.O.
Box 276, Monroeville, Pa. 15146,

Carle

TUBES—33¢ each. Year guarantee. Tuner Clean-

DO IT- YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS—
$1.00 up. Catalog 25¢. PARKS, Box 25655A,
Seattle, Wash. 98125.

TAPE AND RECORDERS

BEFORE renting stereo Tapes, try us. Postpaid
both ways — no deposit — immediate delivery.
Quality — Dependability — Service — Satisfaction —
prevail here. If you've been dissatisfied in the
past, your initial order wilt prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hiateah, Fla.
33012.

TAPEMATES make available to you ALL 4-TRACK

4-Channel singie unit system, used In m

~h|ps and aireraft. Determines position -
1dio signads from known xmitters.

Au_u te to within 14 l (ll\l mece. -

Complete with tuly

tal. IN LIKE NI witan $88.50

AT evessories for Loran Edawpnient o stock.

STEREO TAPES~ALL LABELS—postpaid to your
door—al tremendous savings. For free brochure
write: TAPEMATES, 5727 W. Jefferson Blvd.,
Los Angeles, California 90016.

RENT 4-track open reel tapes—all major labels—

er $1.00. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-

BC <645 TRANSCEIVER 15 tubes.

Fx
zens' B llll\

\\ nII lul)(s

1os.< nower

r{l'._].r;‘)lx‘,\- ]ln factory carton. 51635 chandise only_! _Servinjg engineers, Purchasing 8,000 different—free brochure. Stereo-Parti, 55
SPEC":'vapAﬁﬁ':ﬁfmngﬁgu lll‘(lls‘l‘g Agents, T_V/HlFl Servicemen and Hams for 20 St. James Drive, Santa Rosa, Calif. 95401.
cessories.  Including  mountings Antenna A years. Write for Catalog or call 212-WA 5.7000.

TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing
discounts on stereo components. Arkay Elec-

semblies, conwrel box. eomnlete. Im\l\l) NEw st 95 BARRY ELECTRONK:S,

York, N.Y. 10012.

512 Broadway, New

AN/APR-4Y FM & AM RECEIVER

“FB” FOR SATELLITE TRACKING! | RECEIVING & INDUSTRIAL TUBES, TRANSIS- tronics, 1028-B Commonwealth Ave., Boston
f%‘F’.‘,J’:’.ﬁ;‘H‘;EM‘QEy‘é‘;f{“i’é‘l'i‘éi‘\e‘;’fm”;‘."‘;{:‘;‘n'gg, e TORS, All Brands—Biggest Discounts. Techni-  pass. 02215,

1w 1000 Me.
AC. Built-in power suppiy.

in 5 tuning ranges.
omrm.u cixcult

0V 60 cvele cians, Hobbyists, Experimenters—Request FREE

HI-F1 Components, Tape Recorders at guaran-

e

- l'ilh(‘r 25 %% Deposit with order,
TERM . 0D Jt—Remittanee in Fu

Gold. Ores An-

‘QUICKSILVER, Platinum, Silver,
Nor-

alyzed. Free Circular. Mercury Terminal,

ters, Scopes, Vacuum Variables, etc.) Send lists

{izzram Included. Checked out, perrect, o Giant Catalog and SAVE! ZALYTRON, 569 Jer- teed “We Will Not Be Undersold” prices. 15-day
Al Tuning Units Avatisble for Above T:S;gsurrllpnke,tMnTeolai Nt: 115?:!' P - money-back guarantee. Two-year warranty. No
—lowest prices in the world. Hard to ge Catalog. Quotations Free. Hi-Fidelity Center,
5 SCR-274-N, ARC-5 COMMAND“(SET ﬂg"\ - British, German, foreign and American obso- 539 (1F) EQast 149th Street, New York 10451
rda. EX Cike N lete and present day special purpose t mit- : -
Range Type Uscd NEW P purps rans .
?ngSISVOERKSC Comnlotg wm;r}%oss ting tubes. Send for giant tube and parts cata- g}ggﬁ? IA;E CIE:UB’ GVERFI:GIIE c'\?ST .$.3'78—
36 e e 23 2183 log. United Radio Co., Dept. W-56 Ferry St.. . SIUAC LB ISR, NaRlING Wil
g:g:é mrc:: - B .,514;5 Newark, N.J. 07105. monthl_y purchases. Mail—10¢—catalog. Star
rnAuswrrms Co,,,,,,m A | — " - Recording, Box 1055, EI szgo: Tex. 79946.
837 g3 WANTED STEREO Tapes, Save 30% and up; no member-
&5 : B B o ship or fees required; postpaid anywhere U.S.A.
3-4 Free 70-page catalog. We discount batteries,

recorders, tape/accessories. Beware of slogans,
“not undersold,” as the discount information

o i or 85,000 All Shipments F.0 wood, Mass. 02062. X o A
our wareliouse, NYC. ANl merehandise subiect to puox =—— — E you supply our competitor is invariably reported
Jv i price e QUICK CASH . . . for Electronic Tubes, Semi- {5 the faciory. SAXITONE, 1776 Columbia Road,
G & G RADIO SUPPI.Y (o LYY R@ [conductors, Equipment (Receivers, Transmit- N w. washington, D. C. 20009.

Telephone: (212) CO 7-4605

now! Write: BARRY ELECTRONICS, 512 Broad-

75-77 Leonard St., New York, N.Y. 10013

way,

New York, N.Y.

10012 (212-WA 5-7000;.

INTEGRATED CIRCUITS f RECTIFIERS

SEMICONDUCTORS S TRIACS

TRIACS
T0-66
5 AMP

PRY

100 |
200 |
300 |
{
I b

.80
1,40
1.73 |
2.25

2.60

400
500

ER900 TRIGGER DIODES. These
bidirectional trigger diedes are
one of the best and cheapest
methods to trigger SCR's and
triacs 3/$1.00

UNIJUNCTIONS!

Similar to 2N2419. RBB of 5-7
stand off ratio of .6 and Ip of
12, with data sheet.... . $1.50

ZENERS 1 want 7-68v § .40
10 Watt 7-200V $ .75

MOUNTING
HARDWARE KITS.

These kits are used to mount our
SCR's Zeners and Rectifiers etc.
6x32 stud (3412 amp rectifiers,
7A SCR's) 6 sets/$1.00
14x28 stud (20+40 amp rectifiers,
20 amps SCR’s.) 4 sets/$1.00

OLID

Post Office Box 74B

94

(] 2N1163 a TO-3 PNP GERMANI.
UM TRANSISTOR rated at 35v
and a gain of 50 at 25 amps. $1.75

[] N-CHANNEL FET'S T0-18 plastic
units, low noise, low leakage, 25 volts
source to gate, 50 ma gate current
Gain to 9000 umho's. _.$.80

[T] NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, T0-18, SI
With a VCBO of 120
3/%$1.00

IN2326 voltage and temperature
compensating diodes 5/$1.00

Transistor,

Silicon Power Rectifiers

PRV | 3 |/1_2A_| ~40A
100 | -Lu 0 [ .75
200 | .1_6_.50 | 125
400 | 20 | .70 | 150
600 | .30 | 1.00 | 1.80
800 | .40 | 125 |

1000 | 55 | 150 |

Terms: FOB Cambridge. Mass.
Send check or Money Order. Include
Postage, Average Wt. per package
Y Ib. No C.0.D.’s. Minimum Order
$3.00

kated companies 30 days net

Somerville, Mass. 02143
CIRCLE NO. 84 ON READER SERVICE CARD
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9030 8 bit memories $5.95
LINEAR CIRCUITS

FM IF AMPLIFIERS. ... 3 90
702C WIDE BAND DC AMPL....$2.75
709C OPERATIONAL AMPL.. $2.75
710C H! SPEED DIFF. AMP. $2.75
711C DUAL COMPARATOR ... $2.75

DIGITAL RTL CIRCUITS
2-914 QUAD 2 input gates. ... $1.25

900 Buffer ...$1.25
925 Dual 2 input gate expander

923 JK flip flop
2-923 Dual JK flip flops

Controlled Avalanche or
Epoxy Rectifiers 1 AMP.

PRV
i 100 .07 ]
i 200 | .09
| 400 | .12
600 | .18
800 | .22
1000 | .35

Slllﬂfln Coatrol Rectifiers

PRV | 3A , 7A | 20A | 70A
| 50 .35 .45 .10,
100 .S0 | .65 | 1.00 | 4.00|
200 .70 [ /95 | 1,30 | 8.00
300 .90 1.25 1.70 |
400 1.20  1.60 | 2.10 |, 12.00]|
| se0 1.s0; 0 50
| 600 1.86 2.40 ) 3.00 | 16.00
700 2.20 | 2.80 ]
I 1000 t | 5.00 [24.00

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass.

Tel. (617) 547-4005

WwWWW . americanradiohistorv.com

RECORDS

SPECIAL INTEREST RECORDS AVAILABLE, PRG
DUCED BY THE EDITORS OF THE WORLD'S
LEADING SPECIAL INTEREST MAGAZINES.
SEND FOR FREE CATALOG. RECORD CATALOG-
EW, ZIFF-DAVIS PUBLISHING COMPANY, ONE
PARK AVENUE, NEW YORK, N.Y. 10016.

19¢ RECORDS from your tapes. Write Concert
Recording, Lynwood, California 90262.

HIGH FIDELITY

FREE! Send for money saving stereo catalog
#E4W and lowest quotations on your indi-
vidua!l component, tape recorder or system re-
quirements. Electronic Values, Inc., 200 West
20th Street, N.Y., N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold’ prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451.

HI-FI EQUIPMENT—GET Our “ROCK BOTTO
prices on NAME BRAND amplifiers — tuner
tepe-recorders — speakers FHTNCHISED — 60
YEARS IN BUSINESS. Write for this month's
specials—NOW! Rabson’'s 57th St., Inc., Dept.
569, 119 W. 57th St., New York, New York 10019.

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $50.00 and any old used cartridge and
we will ship you via air Prepaid anywhere any
one of the following Top Stereo Cartridges:
Shure V-15 Type Il, Empire 999VE, ADC 10EMK
I, Stanton 681EE. Write for lowest quotations
all stereo components. DEFA ELECTRONICS,
2207 Broadway, New York, N.Y. 10024.

LOW, LOW quotes: all components and re-
corders. Hi-Fi, Roslyn, Penn. 19001.

HI-FI components, tape recorders, sleep learn-
equipment, tapes. Unusual Values. Free cata-
log. Dressaner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $19.95 and any old cartridge. We will
ship PREPAID any one of the following top
rated elliptical diamond stereo cartridges NEW:
Shure M75E, M91E, M92E, Empire 888E, Picker-
ing V1IS5AME3, XVv15 ATE, ADC 660E, 550E.
Write for lowest quotations all stereo com-
ponents. DEFA ELECTRONICS, 2207 Broadway,
New York, N.Y. 10024.

ELECTRONICS WORLD
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GOVERMMENT SUF.‘PLUS

JEEPS Typically From 351.90 . Trucks From
FEAQ . . . Buals, Typewriters, Airplanes, Multi
maters, Oscilloscopes, Transceivers, Electronics
Equipment, Wide Variety, Condition, 100.000 Bid
Eargains Direct From Government Nationwide
Complele Sales Directory and Surplus Catalog
$1.00 (Deductible First $10.00 Order). Surplus
Service, Box 820.K. Holland, Michigan 49423

AUTHORS' SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted. distributed. FREE book!et
"ZD,"” Vantage, 120 West 31 St., New York 10001.

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. lllustrated brochure free.
Hermes, Berlin 11, Germany.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345. B
AMAZING HYPNOTIC record kit releases fantas-
tic mental power! Free offer expires soon. Write:
Forum, Studio AA4, 333 North Michigan, Chi-
cago 60€01. ]
FEMALE. MALE HYPNOTISM!! Easily! Instantly!
Secret Nerve Centers! $2.20. Brugenheimer, Box
158-E30, Lexington, Mass. 02173.

HYPNOTIZE MALES, FEMALES! Unnoticed!
Quickly! Nerves! Exciting! $2.25. Research En-

terprises, 29-SN21 Samoset, Woburn, Mass.
01801.

HYPNOTIZE SUCCESSFULLY! “By Telephone''—
“Instantaneous’ —"'One Word"' —'‘Against Will"”

methods exposed! 10" Hypnodisk. “Secret Nerve
Pressure Technique’—They never know! $2.00.
RESULTS ABSOLUTELY GUARANTEED! Fowler,
Box 4396, Woodbury, New Jersey 08096.

PRINTING

WPE—HAM—CB QSL'S samples
WB8VXK. Gladwin, Mich. 48624.

—“ARCTURUS SALE”—

¢ 1700 transistor types at 39¢ each.

e 40 watt germanium power transistor, same as Del-

co 501, 2N278 (etc), cat. #2349, 59¢ each,

® Color TV cartridge focus rectifie: 6.5 kv. Used in

| every color TV. Cat. #CFR-20, 79¢ each.

® Motorota 2500 ma. at 1000 piv, high voltage/cur-

rent epoxy silicon rectifier, axial leads. Cat. #HEP-

170, 49¢ each.

® 2 Printed circuit I.F. transformers, 4 lug. 455 ke

input and cutput, cat. #1909P4, 99¢ each.

o RCA UHF transistor type TV tuners, KRK-120

(long-shaft) cat, #UHF-20; KRK-120 (short-shaft),

cat. #UHF-21, each $4.98.

® RCA VHF transistor type TV tuners, KRK-146, cat.

H#VHF-74, $9.99 each.

® Transistorized U.H.F. tuners used in 1965 to 1967

TV sets made by Admiral, RCA, Motorola, etc, Re-

movable gearing may vary from one make to another.

Neod only 12 volts d.c. to function. No filament
ded. Easy repl t units. Cat. #UHF-

| 567, $4.95.

e U.H.F. Tuner-original units as used in TV sets

such as RCA, Admiral, etc. covering channels 14

through 82, as part 3#94D173-2. Complete with

tube. Drive gearing is removible. Can be used in

most sets. Cat. #UHF-3, $4.95.

® Color yokes. 70° for all round color CRT’s. Cat.

#XRC-70, $12.95. 90° for ali rectangular 19 to 25"

color CRT's. Cat. #XRC-90, $12.95.

® Kit of 30 tested germanium diodes. Cat.

99¢.

e Silicon rectifier, octal based replacement for 5U4,

5Y3, 5AS4, 5AW4, 5T4, 5v4, 574. With diagram.

Cat. #Rect-1, 99¢ each.

® 7”, 90° TV bench test picture tube with adapter.

No ion trap needed. Cat. £7BP7. $7.99.

e Tube cartons 6AU6 etc. size, $2.15 per 100.

6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95

per 100. 5U4 G size, 3¢ each.

Send for complete free catalog. Include 4% of dol-

lar value of order for postage. $5 MINIMUM ORDER.

Canadian check, 8% dollar differential.

ARCTURUS ELECTRONICS CORP.

502-22nd. St., Union City, N.J. 07087 Dept. MEW
Phone: 201-864-5568

~ 25¢. Dick,

#100,

April, 1969
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PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES
MEDICAL FILM—Adults only—*Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International
W. Greenvale, Long Istand, New York 11548.
SCIENCE Bargains—Request Free Giant Catalog
“CJ"—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey 08007. |
|

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available

now. Construction. all trades. Earnings to
$3.C00.00 monthly. Paid overtime, travel,
bonuses. Write: Universal Employment, Wood-
bridge, Conn. 06525.

EDUCATIONAL

OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD, Olympia, Washnngton 98501.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765.

EMPLOYMENT OPPORTUNITIES ’

Adventure. Forms and Australian Handbook
(1969) describing Australian assisted passage,
passport-visa, advantages, opportunities $1.00.
Buckeye, Box 1032VH, Fairborn, Ohio 45324.

BOOMING AUSTRALIA wants You—Good jobs,‘

INVENTIONS WANTED

PATENT Searches including maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention
Protection forms and 'Patent Information.”
Write Dept. 23, Washington Patent Office Search
Bureau, 711 14th Street, N.W., Washington, D.C.
20005.

INVENTORS! Receive free invention analysis at
no risk to you. Send for FREE disclosure form
today. New York Invention Service. Dept. 19,
160 Broadway, New York, N.Y, 14438.

INVENTORS! Sell your invention for cash or
royalties! Our client manufacturers eagerly seek
new items. Patented. Unpatented. Financial as-
sistance if needed. 25 years proven perform-
ance. For free information, write Dept. 25, Gil-
bert Adams, Invention Broker, 80 Wall St., New
York, N.Y. 10005.

BOOKS
FREE CATALOG. BOOKS FOR A[ELTS. CATA:
LOG. 2217 LACKLAND, ST. LOUIS, MISSOURI
63114,

MAGAZINES

BACK DATE MAGAZINES! Send needs. Midtown,
Box 917-EW, Maywood, N.J. 07607.

BUSINESS OPPORTUNITIES

INVESTIGATE ACCIDENTS: Earn to $1000
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling. No college
education necessary. Pick own job location.
tnvestigate full time or earn to $8 hour spare
time. Write for FREE information. No obligation.
Universal Schools, CZ-4, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions,
Doolin, 2016 Canton, Dallas, Texas 75201.

| MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Mich. 48197.

JAPANESE Electronics New Products MOntth|
Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood, Calif. 91602.

FREE BOOK ‘"990 Successful Little-Known Busi-
nesses.” Work home! Plymouth 345-A, Brook-
lyn, New York 11218.

www.americanradiohistorv.com
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NINIC FM
POCKET RECEIVER

$5995

WITH DRY BATTERY

Add $7.50 for nickel-cad-
mium battery., Add $20
for crystals and tuning to
your frequency.

30-50 MHz or 150-170 MHz.
All upits new. Solid State.
modular-assembly construc-
tion. Adjustable squeich.
Sensitivity 0.3 microvolts to
break squelch. Dual conver-
sion crystal controlled. With
conventional dry cell or re-
chargeable nic-cad battery.
Weight: less than 1 Ib. Size:
6% “x212"x144".
450-470 MHz General-Electric
Progress Line Accents

10 watts, 12 volts/transistor power supply; front or
rear mount. Complete accessories.

$178.

Model No. EG48S
Wide Band ...
Narrow Band
Same model with channe -
EG 48CT (Trunk) EG 48C
50-Watt 450-470 MHz
Meets latest FCC narrow banding speci-
fications. DumontM-430 RTN, with tran- 395
sistorized power supply. New! In sealed -
factory cartons. ;
with tone added.................. $445., minus reeds.
New! FM 100-Watt
Mobile Linear Amplifier
High Band—146-174 MH:z
RF output 90-120 watts into 50 ohms.
Gonset Comtron Series—Model 972-A -
In factory-sealed cartons.
Installation Kit, if needed, Model 3459. .
Motorola Motrac 30-50 MHz
U41HHT, 12 v, 30 w transistorized re-
ceiver & power supply. Complete with
accessories .
Reconditioned & Used FM 2-Way Radio Equipment
most enlarged inventory now on hand for
practically everything you need—at savings!

We Buy Late Model Equipment for Cash
Send For °69 Catalog—

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 483-3000

r GREGORY =

ELECTRONICS coen

MAILORDER . . . Stop Looking! Start Your own

Business! Methods, 1413 F.D., Lafayette Hill,
Pennsylvania 19444.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412,

EMPLOYMENT Resumes. Get a better job &
earn more! Send only $2.00 for expert, com-
plete Resume Writing Instructions. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432 Dept. EW.
STOP BURGLARS THE EASY WAY! Affix au-
thentic ““Protected by Electronic Sentry Alarm”
Decals to auto windows, doors & windows of
home, retail stores; vending machines, etc.
Whether you have an alarm or not—thieves stay
away! Only $1.00 for each set of two J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW.
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UNUSUAL GIANT FREE
BARGAINS CATALOG !
BY MAIL A selection of products available by mail for readers of Electronics World 148 - PAGES

All merchandise sold on a moncy-back guarantee. Order direct by Stock No. Send check or M. O.

music,

color organ was invented in 1893,
whoe auditoriums,

5 for band., dances

\I MODELS to CO> n
Mice if not Hn)’, satisfied.

i~ion.

71,009AK

. 71,030AK 8" SET . ... ... eurr .ot eieeocrocnons 45.00 Ppd.
. 71,032AK 12" SET ... ..o vnsevrrcarrosoosrsanns 57.50 Ppd.
. 71,124AK COMPACT MINI-MODEL ............... 46.50 Ppd.
. 85,181AK WALNUT CABINET MODEL ............ 99.50 F.0.B.
. 71,057AK SO0 WATT SPECIAL EFFECTS PROJECTOR. . 24.50 Ppd.

. 71,002AK

New! Projection Ka'eidoscope

At last—a low-.cost unllf cgmph‘!(‘ with

eusily  interchanged am. liquid
wheel. Projeets infinite variety of bril.
tant color nalterns which do not re-

peat, leinll\ designed wheel, 37

Jection lens and Edmund Visual l-‘ﬂ'u‘ts
Projector make it all possible, Easily
operaied. an screen image at short

rmjuﬂon distance perfect for photo
nuk,zrnumls Ltght shows, parties. dances,
r rear projection. Imel.:

on
RP'\T H.V Motor,
structions,

Stock No. 71,121AK . .$94.50 Ppd.

SOLID MULTI-COLORED GLASS
ACCESSORY WHEEL (9” DIAM.)

Stock No. 71,122AK . .$15.00 Ppd.

motor bracket, In.

Lr'm<ldmd

, radiating shape
« prancing,
with the music.
tronics with amazing results.
ment in_converting music to a visible image since
Use on small screens,
Atiaches in seconds
\ulh iwo allizator clips. Loads of fun! Pn;\cn( al too! Great for p
3 s

¥ KIT: 12 E
Order by Stack Np.
Full details in FREE CATALOG or send 25¢ i

new, fully illustrated 16-pae Booklet No. 9096AK '‘Introduction to

8” DO-IT-YOURSELF KIT

REMOTE CONTROL PROJECTOR

DRAMATIC AUDIO-VISUAL BREAKTHROUGH
Adds a spectacular new dimension to world of
display, entertainment,

‘nm fantastic patterns of beautiful color
h individual note creating its own unique,
. . each shape duncing
whiriing and ‘swirling in perfect time

t and elec-
First hew develop-

Combines science, ar

larire walls.
to radio. tape recorder,
''see-ins

ales eetings, clas
27 SETS

and self-contained,
listed below.

B &
e
G
*

2

“Fish” With A Magnet

Go treasure hunting on the bottom!
Great ldea! Fascinating fun and some-
times tremendously profitable! Tie a
line to thix nowerful, but hghtweight
Magnet—drop it overboard in bay,
river, lake or occan. Troll along the
hottom——your ‘‘treasure’’ haul can be
motors, 1 fishing

s

S|pecially

, designed
with 314" i

. e
5. gripping surface.

‘Tre-
mondn\h hnmE nower—over 150 1bs.
on land. much more under water.

150 LB. PULL

Stock No. 71,135AK ... .%$12.50 Ppd.
75 LB. PULL
Stock No, 71.134AK ..,.$ 6.50 Ppd.

Actually see music

stages.
 hi- fi or stereo
5

room, (omph‘m
nort-
Money-back |

.............. $22.50 Ppd.

39.50 Ppd.

World's Smallest Bible
See entire Holy Bible—all 773,~

746 words on 1,245 pages—re-
duced to piece of film 1-5/16"
square. Incredible 48.400 to 1
reduction by new photochromic
dye. micro-image technique that
begins where microfilm leaves off.
Needs 100X microscope to read.
Astound your friends! Carry in
your wallet or, purse. Project it
on wall with 'scope and prism.
Real conversation biece.

Stock No. 41.191AK. . $2.00Ppd.
50X, 150X, 300X MICROSCOPE
Stock No. 70,008AK.$16.50 Ppd.

148 Pages—1000's of Bargams

Commcxcly new 1969

tio New fitems,
catezorics illustrations.
Dozens of eclectrical and
electromagnetic  parts.
accessories.  Enormous
seicction of Astronom.
ical Telescopes. Micro-
scopes, Binoculars,
Magnifiers, Magnets,
Lenscs. Prisms, Manv
war  surplus items:
for hobbyists, exveri-
menters, \workehop
Mail coupon
pMu

fact
for eatalo;z "A}\‘
CO.

BARRINGTON, N.J. 08007

NAME

ADDRESS

C1TY

STATE ZIp

ORDER BY STOCK NUMBER » SEND CHECK OR MOMEY ORDER » MOMEY-BACK GUARAMNTEE

300 EDSCORP BUILDING

CIRCLE NO. 110 ON READER SERVICE CARD

= BARRINGTON, NEW JERSEY 0B007

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms.
frequency discounts, closing dates, etc.

Words

Insert

AME

time(s)

1 2 3 4 5
6 7 8 9 10
11 12 - 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34 35

@ .50 Reader Rate

@ .85 Commercial Rate =3
Total Enclosed $

STATE

ZIP

N
ADDRESS
c

I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
|
I
I
I
I
I
|
i
I
I
I
i
|
: ITY
I

I

Count each abbreviation, initial,

| 35mm, COD, PO, AC, etc.,

SIGNATURE

| WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
| word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.)

single figure or group of figures or letters as a word. Symbols such as
count as one word. Hyphsnated words count as two words.

EW-469 |

WwWWW. americanradiohistorv.com

DELUXE

RECORD AND
TAPE CASES

plus cataloging forms

e PADDED BACK e DUST PROOF
e GOLD EMBOSSED

These decorative, yet sturdily con-
structed cases are just what you've

been Inolrmy for to keep your records and

tapes from getting tossed about and damaged,
disappearing when you want them most and just
generally getting the "'worst of it'" from constant
handling. They're ideal too for those valuable
old ‘‘78's'’ that always seem to get thrown
about with no place to go.

Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of five dec-
orator colors, the STEREQ REVIEW Record and
Tape Cases lend themselves handsomely to the
decor of any room, whether it be your library,
study, den, music room or pine-paneled garage.
The padded leatherette back (in your color
choice) is gold tooled in an exclusive design
available only on STEREO REVIEW Record and
Tape Cases. The sides are in standard black
leatherette to keep them looking new after con-
stant use.
With each Record and Tape Case you
Exfra EﬁxrRGEyou will Tlece'ijve,. Fl;EE Os
, a specially designed recor
= and tape cataloging form with pressure-
sensitive backing for affixing to the
side of each case. It enables you to
list the record names and artists and
will prove an invaluable aid in helping
you locate your albums. The catalog
form can be removed from the side of
the case at any time without damag-
ing the leatherette,

Record Cases are available in three sizes: for 7”
10” and 12” records. Each case, with a center
divider that separates your records for easy acces.
sibility, holds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes

® The Tape Cases and the 7" Record Cases (with
catalog forms) are only $4 each; 3 for $11;
6 for $21.

® The 10” and 12” Record Cases (with catalog
forms) are $4.25 each; 3 for $12; 6 for $22.
Add an additional $1.00 per order (regardliess of
number of cases ordered) for shipping and handling.
Outside U.S.A. add $1.00 PER CASE ORDERED.

Ziff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N.Y. 10016
My remittance in the amount of $ —
is enclosed for the Cases indicated below.
Quantity
_ Tape Case at $4 each; 3 for

$11, 6 for $21
7" Record Case at $4 each;
3 for $11. 6 for $21.

10” Record Case at $4.25 each;
3 for $12, 6 for $22.

12” Record Case at $4.25 each;
3 for $12, 6 for $22.

Add $1.00 PER ORDER for SHIPPING and
HANDLING. Outside U.S.A. add $1 PER CASE
ORDERED.

Check color choice for back of case (sides in
black only):

O Midnight Blue [J Red {3 Spice Brown
[ Pine Green O Black

Name

Address EW-49

City State Zip

PAYMENY MUST BE ENCLOSED WITH ORDER wm

ELECTRONICS WORLD
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ABOUT YOUR
SUBSCRIPTION

Your subscription to ELECTRONICSWORLD
is maintained on one of the world’s most
modern, efficient computer systems, and
if you're like 99% of our subscribers,
you'll never have any reason to complain
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending
you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

ics World
SUBSCRIBER SERVICE

Please include an address l1abel when writing about
your subscription to help us serve you promptly.

Electro

Write to: Portland Place, Boulder, Colo. 80302
CHANGE OF ADDRESS: 5 AFFIX LABEL—,
Please let us know you e TN 'l
are moving at least 1= oy 9| 3 =
four to six weeks in | ¢ = e S
advance. Affix maga- ¢ =
zine address label in | 2
space to the right and =
print new address be- | =
low. If you have a &
question about your | <
subscription, attach | ~
address label to your ol 2
letter. | 2 =]
T0 SUBSCRIBE: | g =i
Check boxes below. 2 pad
] New [ Renewal | =
5 years $21 ®
O 3 years $15 l . &
0 1year $6 IE 3
SPECIFY: & a
0 Payment enclosed— ' S

You get 1 extra issue b om et ™ N e od
per year as a BONUS!
{1 Biil me later.

Add Iposlage $1peryear outside
. its possessions & Canada.

name please print

0285

address

city

state zip-code

April, 1969

$100,000 “EYE SEE”

PENNY
SALE!

Fairchild No.

900
902
903
903-903*
904-904*
210

3 In.

95
923
923
925
927
9230
933
944
945
246
948
950
952
954
955
956
957
961
962
963

Dual
Dual

Clocked
Clocked

T o [

*

AMP TOP HAT AND EPOXIES

Sale Sale  PIV Sale

19¢ 1800 [] 82¢

29¢ 2000 [ | 1.25

42¢ 3000 [} 1.50

55¢ 4000 [ 1,95

600 [} 15¢ 69¢

Lol
Actual Size .

1 AMP

MICROMINIATURE !
SILICGN RECTIFIERS

400 (]

Py Sole
600 [] 15¢
800 [ 19¢
8: 1000 (] 29¢

SILICON RECTIFIERS

flv Sole PIV
50 F 5¢ 600
100 [T} 7¢ 800
200 [} 9¢ 1000
400 [ 12¢ 1200

‘GLASS AMP*
ONE AMP

PRV may be ex

ceeged without
rectitier

brealiing down.

Sale
09
021«
O 32¢
C1-45¢

R- S Fllp Flop

Gite Nand/Nor
3 Input gate
Hall adder s
Duul Two Inpu

Dual 3 Input Gate
K-Ilip Iiop
JK Flip Flop
2 Input
Quad Inverter
Dual 4 Input Gate
Input Gate.
Dual 4 Input Power Gate .

Quad 2 Input Gate

AC Binary

Dual 2 Pinput Inverter
Dual 4 Input
8 Input and Gate w 2 ouiput
Dual 2 Input Buffer

Dual Rank
Dual 4 Input Gate w/expander
Triple Gate ..

Triple Gate ... -
Two identical 1C's in one package

0O ME-2 NEON BULBS 20 for $1

Terms: add postage. Rated: net 30, cod’'s 25%
Phone Orders: Wakefield, Mass. (617) 245-3820

Retail: 211 Albion, St., Wakeficld, Mass.

CIANT [969 * CATALOG OR: Parts, Rectifiers.q
[JTransistors, SCRs, 1.C.'s, Equipment, Etc. £

POLY PAKS P.O. BOX 942W

lYNNFIElD MASS
01940

CIRCLE NO. 90 ON

BONANZA BY POLY PAK
INTEGRATED CIRCUITS!

By far the biggest Integrated Circuit Siale in our
history. NOBODY! That's right NOBODY under-
sells Poly Puks. Imagine — buy 1 Integrated Cireuit
at our bargain price and get the 2nd one for
ONLY 1¢ . . . that's right ONE CENT! NO
LIMIT PER ITEM! Every item guaranteed as
advertised. All inelude data on Integrated Cireuits,
schematies, and or hookups. and as much as 40
circuits. THIS OFFER IS LIMITED!
EACH

for 1.49
for 1.49
for 1.
for 1.
for 1.
for 1.

1c¢ MORE

2 for 1.
2 for 1.
2 for 1.
2 for 1.
2 for 1.
2 for 1.

Nand/Nor .

2 for 1.
2 for 1.
2 for 1.
2 for 1.
2 for 1.
2 for 1.
2 for
2 for
2 for 1.
2 for 1.
2 for 1.
2 for 1
2 for 1
2 for 1
2 for 1.
1
1
1

for 1.
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for 1.
for 1.
for 1.

Nand/Nor ...

Gitte, Expander
Nand/Nor
Expander
I'lip I'lop

Niand/Nor
I°lip Flop

and Gate

2 for
2 for
2 for 1.
2 for 1.
2 for 1.

et et ot -t ot bt

(hold) Flip Ilop

e -

PAKS &

3 toss | FREE

[150 COILS AND CHOKES, if.rf.ant, osc. peaking. et§1
[J65 HALF WATTERS, to 1 meg. 5% popular values to$?
)60 H-QUALITY RESISTORS, 145, 1, 2W asst values ...$1
[J10 RCA PHONO PLUGS & JACK SETS tuners, ete. ...
[]$25 SURPRISE PAK: transistors, reet, diodes. €te.
[J2-PC INFRA-RED DETECTOR & FILTER SETscnencemoSl
[J2 FIELD EFFECT TRANSISTORS, n channel, hobby ...$1
150 TERMINAL STRIPS, 1 to K lug types ....... $1
[J3 PHOTO ELECTRIC CELLS hi. imp., <chematlc .31
[J3 TRANS'TOR AMPLIFIER, WIRED, 3x2x% " schematnsl
[J10 PRINTED CIRCUIT BOARDS, copper clad, 100 usey
[]J10 TRANSISTOR SOCKETS, for pnp & npn types....§1
{110 PANEL SWITCHES, toggle, slide, micro, rotary .$1
[) 40 CORNING ‘'LOW NOISE"’ resistors. populur5%.$1
140 ""MICRO’’ RESISTORS, 1/10W, 55 Hobby musi$t
)50 GERMANIUM GLASS DIODES, iN34, IN48 no tes§)
[J40 TOP HAT SILICON RECTIFIERS, no test asst villue$d
[J25 EPOXY RECTIFIERS, silicon asst, no test .$
[J40 PRECISION RESISTORS, 15-2W. 19 asst values .$1
()30 TRANSISTORS, of, if. audlo osc. no test -$1

[J60 TUBULAR CONDENSERS, to .5mf to 1KV, asst ...§1
[]50 DISC CONDENSERS, to.05mf npo,temp coef.ms&l
[J60 TUBE SOCKETS, receptacles, 1:lugs, audio, etec. .$1
[J30 POWER RESISTORS, to 25 watts, to 24K ohms ...$1
[J6 *’1BM** COMPUTER BOARDS, many trans, diodes$l
[]3 2N3563 TRANSISTORS, npn, 600me, 100hfe, epoxy§1
(110 VOLUME CONTROLS, to 1 meg, switch too! ..
[J10 ELECTROLYTICS, ta 100mf tubulars too, asst ..
150 RADIO & TV KNOBS, asstd colors & styles

{J10 TRANS'TOR ELECTROLYTICS to 100mf, asst v

[J40 **MICRO’'* CONDENSERS, fortransistorCircuitr

READER SERVICE CARD

Of The WORLD'S

FINEST GOV'T

SURPLUS ELECTRONIC BARGAINS

WwWwWw.americanradiohistorv.com

Now BIGGER and
BETTER Than Ever!

FAIR RADIO SALES

Dept. EW ¢ BOX 1105
LIMA, OHIO 45802

— e e
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U.S. GOV'T ELECTRONIC SURPLUS

= Nationally Known -World Famous SURPLUS CENTER cffers
finest, most expensive, Government Surplus efectyonic units and
components at a fraction of their original acguisition cost.
ORDER DIRECT FROM AD or WRITE FDR CATALOGS
COMPUTER TRANSISTORS ON HEAT SINKS ELECTRONICS WORLD APRIL 1969
IBM Computer Quality Units "
\ f
S e Ry gg(@ ADVERTISERS INDEX
:lgue‘:i":";l“)h“‘l sink,  Mand  eabernimental (RES L
o Uost Gov't Over $10.00 51‘99 ﬁ_‘w: lE-.::'T
(422-815) -« Uni ooanints o twer 150 i 200 =
. W ' o
b e 8 e ol L i Pt if_ S
Fhhed el :“ il Sk bl 1 = & READER READER
motnr syeed control. (4 lbs ) [P
',m((..__.(‘,\.o,“mn $4.91 ".'E:-.:-" SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.
pp——
RUNNINGATIMEIMETER™, o - 123 Allied RAdiO ...oviorrrerreees e 87 100 Kenzac ovve.eeoveevcesor oo 61
e g e e e TR
Tecords ot 1 ﬁﬁfx’nﬂ'ﬁn [Er R - T : 124 Altec Llansing ..o THIRD COVER 99 Lampkin Laboratories, Inc. .............. 84
[ 90‘)'}‘]‘\ Iu)ul\ For 113=wnlt 60« ycles - il
Size -I' AT T Shipping eslnht 2 Tha, sS 69 (')\l (’ so
LS00 122 Arcturus Electronics Corp. ...o......... 95 98 Leader Electronics .......cccoevrimvivenns 72
12 and 24-VOLT TRANSFORMER
o LHS820) tionerat Vievime 1ok, S 121 Audio Originals ...l 85 97 Liberty Electronics, Inc. ...ocivvivcinnnene 93
ll?\—;::l e .:'ml,,?‘“"' ’»'4'\‘3.':'('} s
Zevailts, Useful fur ten charpers, mnmng
D rotars, e T B3 T Ty 120 BSR {(USA) Ltd., MacDonald Division 65 96 P. R. Mallory & Co., Inc. .ceecrvennnns 2
Cost Gov't Over 833.00 516‘72
EXPANDED SCALE O - 15 DCVM 119 Belden Corporation ... SECOND COVER, 95 Mosley Electronics, Inc. ..oovvieeennnnnen 92
T
® (H2(-800) -«  Brand new, expensine vollmeter .
teads 9.5 (o L6=volts DC amd 3 o Kevolts. Very uscfol page 1 94 Motorola Communications &
for automotive and aircralt battery charge indicator,
r:‘r !l'.\r::{v!::dl mu\:vmenl, black phenolic case.
) 'l 118 Burnstein-Applebee Co. v, 92 EIECHONICS oo eeeeeeeeesnes 61
|
SILICONIDIODES R"E'f;'abr g ‘ CREI, Home Study Division, McGraw- Music Assaciated ....oovomreeerossseron, 65
Mﬁj uair AN i
$5.90 Cost Gov't $250.00 . Hill Book Company ........ 68, 69, 70, 71 National Radio Institute .... 8,9, 10, 11
e { HREC-3) - -New. per- $3.97 . } ’
foct, ostinghowse’ w71 | e (HEE- 1‘1“)l e 117 Cleveland Institute of 92 Olson Electronics, Inc. ....cccceivvennnns 86
Fe for hi-current reckifier. out*, electric mmur Kear ram, relays,
(1thy List Over $13,00 ete. 5" X b
SEND 25¢ GOIN OR STAMPS FOR CATALOGS Electronics .....oceeeeeeeeenn. 18, 19, 20, 21 91 Park Electronic Products .....ceevvevenes o8
All items FOB Money Back Guarantee
SURPLUS CENTER 77 Cleveland Institute of Electronics .... 66 Q0 Poly Paks ..ot 97
DEPT. EW-049  LivooL, NEsn. 8300 | || 116 Coletonics Service Inc. o 86 RCA Institutes, Inc. ........ 78,79, 80, 81
CIRCLE NO. 83 ON READER SERVICE CARD
$1 P E P $ Dollar Sale $1 115 Columbia District Marketing ......... 5 89 Radar Devices Mfg. Co. ...
Money Back Guarantee 114 Cook’s Institute of Electronics ........ 84 Saxitone Tape Sales
1 AMP SILICON ScR .
RECTIFIER 113 Delta Products, Inc 76, 63, 83 88 Schober Organ Corporation ....
. Silicon Controlied Rectifier
Choice of Package 10-5 PACKAGE
Bullet-Miniature-Glass-Metal a5 50‘ . e $1.00 112 Drake Company, R.L. . 87 87 Scott, Inc., HH. i 66
] 5—800 V units $1.00 - units N
141000 v units $1.00 gg—égg fgunits g‘-°° o .
(13—1200 V units $1.00 | 5 57304 ¢ Ui S 1500 110 Edmund Scientific Co. .ooovvvunnene. 96 86 Sentinel, Inc. .......ccovvivernvecverisesenen. 74
;:T;::?lxzn?:c:l‘\gg 7 AMP SCR | 109 Electro-Products Labs ........ceeeeeoo. 25 76 Sherwood Electronic
[02—100 V units $1.00 Eg-—?govv uni;ts g}gg
-_— untts B . .
— i 111  Electro-Voice, Inc. ........ FOURTH COVER Laboratories, Inc. ..occcccnivnnnnininens 16
SILICON STUD MOUNT | 77209 V units 21-99
5100 e $1.00 0 AmP ScR 108 Fair Radio Sales w.ooverrrriemerrnrrnie 97 75 Shure Brothers .........cccomiissmieens, 26
{12—800 V units $1.00 N
— ; 12—50 V ts $1.00 . .
[1171000 V unit $1.00 | 51 500 Vulrll;list $1.00 107 Finney Company, The ..., 23 85 Simpson Electric Company .............. 17
SILICON STUD MOUNT
20 AMP Gen Purpose PNP Germ. G & G Radio Supply Company ...... 94 84 Solid State Sales woorererverneicneenes 94
13—100 V units $1.00 Transistor Similas to 2N 404
S T O O N LLLLELY A Goodheart Co. Inc., R.E. oo o 93 83 Surplus Center ......ciivivinniieiniiinnn. 98
SILICON STUD MOUNT | 7pNER DIODES 1 WATT . . )
40 AMP 1 EA 4V-6V-8V-10V Grantham School of Electronics ...... 4 82 Sylvania Electric .covivvinniiiienininnnn. 12
03—50 V_ units $1.00 .
2_100 v its s1.00 | 04 units ... ..., $1.00
il = 106 Greenlee Tool Co. ....ccceervennvienvanennies 65 200 Texas Crystals ...oooccieineeniccininneeneiinns 61
SILICON STUD MOUNT ZENER DIODES 10 WATT
60 AMP 1 EA 6V-8V-10V 105 Gregory Electronics Corporation .... 95 81 University Sound ...coccoveeinrncciniinnenee 85
{12—50 V units $1.00| 03 units ....... $1.00
{11—1000 V unit $1.00 R
104 Heath Company ............ 88, 89, 90, 91 80 Vaco Products ......occovviiiieiiereeiieninenes 77
GERMANIUM GLASS
P E P DIODES DOV . a 0
GEN. PURPOS 103 International Crystal Mfg. Co., Inc. 67 Valparaiso Technical Institute ........ 73
SILICON Glass piopes | CFN 551 oo
units ... ... .
po-7 Replaces IN-34, IN-60. 102 Jensen Manufacturing Co. .............. 24 79 Vanguard Electronics ..o 64
0 10—100 V units $1.00 IN-64, IN-295
101 Judson Research & Mfg., Co. .......... 73 78 Weller Electric Corporation ...
HIGH VOLTAGE STACKS
No Sales Tax 1 AMP
2000 V to 20,000 V
We Pay Postage | 10 per 1000 volts, CLASSIFIED ADVERTISING 93, 94, 95, 96

Ex 10,000 V cost $4.00

Park Electronic Producis

P. O. Box 78 N. Salem, N. H. 03073
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The Cinerama Theatre
sound is Altec.

Here’s a library of all kinds of
sound. Bookshelf speakers. They’re
compact in size, but there’s enough
power here to fill any room with
rich, full-bodied music.

Start with the Corona. It has a
10” speaker, a direct, radiating 4”
tweeter, and it’s just under $90.
(You can’t find comparable sound
in other makes even in the $120
range.)

If you want more expression in
the high frequency end, choose the
Madera with itscompressiondriver
and cast aluminum exponential
horn at only $149.50. It's driven
by the same 10-pound magnet
structure that’s used in professional
studio systems. And if you want
the finest bookshelf available at
any price, select the $179.50
Bolero.

Altec speakers are used in most
theatres, radio, TV, concert halls,
recording and motion picture stu-
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dios. You’'ve heard their profes-
sional sound before. Now own a
pair. You can hear the difference
at any Altec Component Dealer.
Or write us for a catalog.

Altec Lansing, 1515 South
Manchester Ave., Anaheim, Cali-
fornia 92803.

ALTEL

LANSING®

A Division of 5707 Ling Altec, Inc.
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7 arguments in favor
of building your own speaker
system from scratch.

The easiest way to buy high fidelity
speakers may not always be the best.
Because a complete pre-packaged sys-
tem may be far from what you need.
Consider some of the advantages of
separate component loudspeakers:

1. You choose from an almost infinite
variety of sizes and levels of perfor-
mance. Your system will exactly reflect
your specific listening preferences.

2. You save space by building speakers
into walls, ceilings, closet doors, even
in floors! Or use existing cabinets or
custom-built enclosures that better suit
your decor than any mass-produced
system.

|J T
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3. You enhance the illusion of “live”
music by hiding or disguising the sound
source. You listen to the music — not
the speakers.

4. You end the conflict between fine
sound and handsome decor by making
the speaker system an integral part of
the room or the furniture.

5. You save money by paying only for
performance.

6. You can up-date your component
system as often as you wish to meet
advances in the state of the art.

7. You can use the building-block meth-

od of planned improvement as your
budget permits. There’s no problem of

being ‘“‘stuck’ with a compact that fits
today’s budget but can’t meet your ul-
timate listening goals.

Take a few minutes to study the
variety of Electro-Voice component
speakers. 21 models from $14.00 to
$250.00. From super-tweeters to giant
30" woofers. Consider how they can
aid in creating a speaker system that
uniquely expresses your musical needs.
And ask your Electro-Voice high fideli-
ty specialist for his recommendation.
Finally, take the time to listen carefully.

Freedom of choice. It’s at the nub
of high fidelity.

ELECTRO-VOICE, INC., Dept. 494N,
629 Cecil Street, Buchanan, Michigan 49107

ElecthoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.
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