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New

Beautiful TV performance starts here.

Jerrold VUfinder Plus

Jerrold introduces a new all-channel an-
tenna that looks as good as it works—
VUfinder Plus — a clean, straightforward,
no-nonsense design that goes up quicker
and stays up longer. And it’s as strong in
customer reception as it is in sighal recep-
tion. Here are a few reasons:

e More VHF and UHF gain.
e Smoother response over UHF band.

e Simplified VHF section that reduces wind load
while strengthening the antenna.

e Factory preassembly that makes installation
both quicker and easier.

* And for areas where UHF signals are excep-
tionally weak—compared to VHF—the optional

UHF Power Zoom increases gain up to 60%.
Mounts easily on the front of the antenna.

e Snap-on transformer converts any VUfinder
Plus from 300-ohm to 75-ohm Coloraxial per-
formance.

Start a rooftop rebellion for fun and profit with
Jerrold VUfinder Plus Antennas. Six models
from metropolitan to deep fringe. All competi-
tively priced. For more information, see your
Jerrold Distributor. Or write Jerrold Electronics
Corporation, Distributor Sales Division, 401
Walnut Street, Philadelphia, Pa. 19105.

JERROLD

better reception

™
a GENERAL INSTRUMENT company
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Earn Your DEGREE in Electronics!

Grantham School of Engineering offers an educational program leading to the Degree of Associate
in Science in Electronics Engineering — the ASEE. Beginners in electronics must take resident classes
in Hollywood, Calif., or in Washington, D.C. However, experienced electronics technicians may com-
plete the entire degree program by home study, except for the final two weeks which must be taken
in Hollywood. There are three different ways the program is offered, referred to as Daytime-Resi-
dence, Supplemented-Correspondence, and Home Study. Each method is discussed below.

Daytime-Residence

The Daytime-Resident program is designed fer beginners.
You may enroll in Hollywood or Washington. Classes meet
five days per week, and each semester is 16 weeks long.
Three semesters are offered each year. Upon satisfactory
completion of the five semester program (about 20 months),
you are awarded a Diploma in Electronics Engineering
Technology. Then, to complete the requirements for the
ASEE Degree, you must attend the associate-degree semi-
nar —a two-week period of review, consultation, and
evaluation.

This seminar is held, for Hollywood and Washington
students, at the main School in Hollywood. For Washing-
ton students the School pays the round-trip (to and from
Hollywood) airline transportation charges, so that all the
graduating students in both schools may participate in each
seminar together.

For those who wish to continue their engineering studies
beyond the ASEE Degree level, Grantham offers a BSEE
Degree program in Hollywood. The Grantham ASEE De-
gree or other equivalent background is prerequisite to en-
rollment in the BSEE Degree program.

Supplemented-Correspondence

The Supplemented-Correspondence program is designed
for beginners. You take the correspondence lessons from
the main school in Hollywood, but the supplementary resi-
dent classroom and laboratory sessions, one evening per
week, may be taken in either Hollywood or Washington.
The main part of the program is divided into five semes-
ters, each semester being slightly less than six months long,
so that you normally complete the five semesters in 22
years. Upon completion of this five-semester program, you
are awarded a Diploma in Electronics Engineering Tech-
nology. Then, to complete the requirements for the ASEE
Degree, you must attend the associate-degree seminar — a
two-week period of review, consultation, and evaluation
— in Hollywood, the same as is explained under “Daytime-
Residence” above.Seminar round-trip airline transporta-
tion for Washington students is paid by the School.

Grantham School of Engineering

Specializing in Electronics since 1951

1505 N. Western Ave.
Hollywood, Calif. 90027

Telephone:
(213) 469-7878
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818 18th Street, N.W.
Washington, D.C. 20006

Telephone:
(202) 298-7460

or

Home Study

In the ASEE Degree program offered to experienced elec-
tronics technicians, the entire educational program leading
to the Diploma in Electronics Enginering Technology is
conducted by home study. It consists of 370 home study
lessons, divided into five “correspondence semesters”. The
prerequisite for enrollment is high school graduation (or
equivalent) and at least one year of fulltime experience as
an electronics technician.

Upon completion of the 370 home-study lesson (five
semester) and receipt of your EET Diploma, you are then
eligible to attend the associate-degrec seminar—a two-week
period of review, consultation, and examination—in Holly-
wood, as the final requiremcent for your ASEE Degree.

This accredited ASEE Degree program offered to ex-
perienced technicians, begins with a review of electrical
and electronic principles and systems, and then continues
with applied engineering mathematics (including algebra,
trigonometry, analytic geometry, and calculus), classical
and modern physics, technician writing, computer systems,
electrical network design, and semiconductor circuit de-
sign.

Accreditation, and G.. Bill Approved

Grantham School of Engineering was established in Holly-
wood, California in 1951, and the Eastern Extension Divi-
sion of the School was opened in Washington, D.C. in
1955.

The School is approved in California by the California
State Department of Education, is upproved in the District
of Columbia by the D.C. Board of Education, is approved
under the “Cold War G.I. Bill” to offer resident courses
in Hollywood and Washington and correspondence
courses from Hollywood, is accredited by the Accrediting
Commission of the National Home Study Council, and is
authorized under the laws of the State of California to
grant academic degrees.

o e e e e e
Grantham School of Engineering Biey |

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

Please mail your free Bulletin, which expluins how the
Grantham cducational program can prepare me for my
Associate in Science Degree in Electronics Engincering.

Address

City State Zip

I am interested in: O Daytime-Residence

|
I
I
|
|
I
Name Age :
[
[
[
[
[
O Supplemented-Correspondence, [ Home-Study |
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Put your parts inorder.

All it takes is genius to arrive at simpl.c~
ity. This new display stand is deceiving. It’s
more than a display stand. It’s set up to operate
like a store within your store for instaat
servicing,

Eere, withia this unit, is a eomplete stock
of all tke wide rznge twist prongs you’ll need
plus micas, minizture electrolytics, ceramics,
wide range tubukers and dipp=d paper Mylar.*
The selection was based on an extensive study
of all capacitors used in the replacemen: market.
Now, with tke Re-Place, you're in the capacitor

replacement business. The Re-Place only takes
2’ x 5 in space and you have all your pzrts in
order.

Interested? Write for our new catalcg on
The Re-PlaceT™ capacitor line.“The Replazers”
—the most complete line of replacement capac-
itors in the smallest possible package.

S CORNELL-
5 DUBILIER

CIRCLE NDO. 6 ON READER SERVICE PAGE

*DuaPont Trad>mark
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Service
Associations

how they help
the technician
and consumer

By RICHARD L. GLASS, CET

Exec. Vice-President, Nationa! Electronic Associations, Inc,

These associations of TV technicians are
improving the technician’s image and
reducing built-in servicing headaches —

thus providing better consumer service.

His past year the country’s service associations held
more national meetings than in any time past.
National Electronic Associations (NEA) held its
5th Annual convention and five board meetings;
National Alliance of Television & Electronic Service
Associations (NATESA) put on its August Chicago
convention plus four regional spring conferences. This
was the first vear the Spring Directors Conference of
NATESA was replaced by the four regional conferences.
A new addition to the national meetings was an Eastern
Service Conference, sponsored by the Pennsylvania
Federation of Radio-TV Service Associations. The ESC
brought manufacturers and association officers together
in a mutual attempt to concentrate on solving some of
the industry problems associated with consumer clec-
tronic equipment repairs.

The organized state associations increased their meet-
ings in number. They also showed gains in convention
attendance, with California, Indiana, Ohio, Nebraska,
Kentucky, and Texas meetings reaching record atten-
dance. Part of the reason may be the better promotions
of the meetings, along with the increases in business
management and technical seminars that accompanied
them. This better promotion, no doubt, is partially due
to more scrvice associations retaining a paid staft rather
than relving entirely on volunteer help. The Nebraska,
Indiana, Connecticut, Texas, California, Towa, and
Michigan state associations have paid staffs, as do NEA
and NATESA.

Over-all membership in associations is up. Both
nationals showed membership increases and several
state organizations made big percentage gains. Stim-
ulus for membership this vear was in the form of sales
commissions to individuals for new membership ob-
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tained, insurance programs, special national membership
awards offered by NEA and The Finney Co., and a
general upsurge in the recognition of the need for
association services.

Association Services & Training

Association services expanded in 1969. Several state
associations began offering new insurance programs
covering accident, health, life, and loss of income for
clectronic service shops and technicians. NEA started
a new national insurance program which can enroll
dealer members that do not fall under the existing state
plans, NATLESA has offered a group program for several
vears.

NEA utilized a printed form developed originally by
the Nebraska Association and began distributing to its
members technical service “fixes,” or “Techni-Tips,” on
all brands of consumer electronic products. These are
also offered on a subscription basis to non-member
shops. The single-sheet “Techni-Tips” are readily filed
with manufacturers’ service manuals and are a method
of using one technician’s experience to help many other
technicians solve service problems. Some manufacturers
have begun supplving service tips to NEA to enhance
the value of the “Techni-Tip” program.

And 1969 was the year that the now three-vear old
Certified Electronic Technician (CET) Program really
began to gain stature and members. Total technicians
now certified and registered by NEA has surpassed
1000. Several state associations have turned the testing
sessions over to public high schools, vocational schools,
private trade schools, and colleges, and have begun
scheduling CET exams on a regular monthly basis.
There are now CET’s in every state, plus Viet Nam,
Germany, Puerto Rico, Canada, Brazil, and Guam.

Argentina has 11 CET’s alone. Besides CET wall cer-
tificates and wallet cards, NEA is furnishing identifi-
cation patches, and recently the Raytheon Co. began
supplving ‘gold lapel pins to many of the successful
CET’s. For information on CET, write NEA Certifi-
cation, 4622 E. 10th St., Indianapolis, Indiana 46224.

Training efforts by the associations are expanding. All
16 vocational high schools in Indiana are instituting an
association-designed training program. It is coupled
with apprenticeship and certification. The Louisville,
Ky. area has an elaborate training program in coopera-
tion with local, state, and federal governments. Twenty
apprentices are enrolled at this pilot training project
at Ahrens Trade School, in Louisville, and over one
hundred technicians are undergoing upgrading training
there. Oregon and California state associations have
good apprenticeship programs in operation, as does
Connecticut.

The experience thus far scems to show the trade

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



association methods being used are excellent. The
national associations now will be working to qnickly
extend these programs into the other states. The asso-
ciations have gone on record, in nearly everv case, as
being opposed to recent industry and government train-
ing projects that offer “quicky” training in the field of
electronics.

Both NEA and NATESA, and practically every state
and local service association, have worked hard to
attempt to defeat the sensationalism in the consumer
press that so often unhappily leaves the technician as
the goat of the story. Individually, by word of mouth,
at civic club meetings, and through the use of several
types of association public-relation pamphlets, members
have done a pretty good job of reducing this problem.

Serviceability Program

An NEA project called “Serviceability” gained stature
and effectiveness recently. Many individual local groups
and state organizations had vainly made attempts, in
past years, to influence manufacturers to include minor
design changes in home electronic products. These are
changes that would eliminate some ncedless servicing
headaches. In early 1969, NEA began work on a six-
point serviceability program that combined many pre-
vious association ideas and made serviceability bene-
ficial to not only the technician and dealers, but also of
assistance to the manufacturers and the public.

It works like this: Members are supplied blank report
forms. Dealers and technicians fill in the forms with
specific problems as they are encountered in dav-to-day
repair work. Problem examples are: exposed voltages,
sharp edges, and other hazards to a technician’s safety,
poor parts procurement, and service information prob-
lems, inaccessibility of commonly replaced parts, ete.
These service complaints are forwarded by NEA to
product service divisions of the manufacturers involved.

NEA also supplied all manufacturers with Service-
ability Design Guidelines, and began a program where-
by an independent service technician is sent to cach
manufacturer periodically to discuss serviceability fea-
tures. Another feature of the serviceability project
involves random committee inspections of products by
groups of technicians (usually at state or national
association mectings). These committees objectively
inspect products and associated service literature and
submit their findings, through the national association,
to the set maker.

NARDA (National Appliance Radio-TV Dealers Asso-
ciation) has also become involved in electronic service,
in addition to its role as u merchandiser’s association.
NARDA has conducted regular service-management
institutes around the country where service dealers learn
improved methods of operating service husinesses.
NARDA ulso ofters to its members, as well as to NEA
and NATESA members, a computer service for ana-
lyzing technician performance, on a monthly basis.

Radiation & Safe Service

Radiation from color-TV has been a recurring issue
in recent months. Electronics service technicians have
been involved and occasionally named as contributors
to the problem through poor adjustment procedures or
service mecthods. While federal legislation has been
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directed towards manufacturers in an effort to eliminate
any possibilities of color-TV radiation causing any fu-
ture problem, the service associations have attacked
the radiation problem on all levels.

NATLESA has a Safe-Service Program, wh re members
study color-TV radiation information and pecome ac-
quainted with proper adjustment and servicing pro-
cedures. They then take a test which qualifies them for
a Safe-Servicer Certificate. NEA includes high-voltage
and radiation qu stions on the CET examination, and
nearly all the as: ciations have supplied their members
with manufacturers’” x-ray safety procedures. Many state

and local association meetings and manufacturers’ ser-
vice seminars have devoted time to the subject of
radiation.

Licensing ecfforts by the associations have not in-
creased appreciably recently, even though association
strength is up. California efforts to pass a technician
license law to supplement the state dealer registration
law, fell short and were delayed for a year. Pennsyl-
vania, New York, and Florida TV licensing efforts failed
during 1969. Virginia seems to be the most likely state
to pass legislation, having a strong association backing
the effort guiding it.

Only a few years ago there was criticism of the clec-
tronic service associations for too little action and too
much talk. Now the associations are really giving ser-
vice. For example, the Texas Electronic Association
has excellent, college-operated, management institutes
and also puts on informative clinics regularly. Nebraska,
Indiana, Ohio, Kentucky, and other state associations
are including technician-training seminars on new home
entertainment products and test equipment at many of
their meetings. Many local associations also include
technical seminars and movies at their meetings. Dozens
of printed aids are being offered by the associations to
help improve customer relations and solve business or
technical problems. NEA, the Columbus, Ohio Associ-
ation (ARTSD), the Nebraska Association and others
make surveys that help members determine whether
their own methods are in line with their fellow deulers
around the state or country.

The associations are doing many other things for the
profession, such as helping individual dealers and
technicians with problems, working with TV-radio
stations, influencing legislation that affects the trade,
and influencing advertisers and journalists to improve
the image of the servicing business and the professional
technician. Theyv find competent service dealers in areas
where manufacturers need service agents. They supply
information to manufacturers, the government, and to
interested parties. With services and membership ex-
panding, the association movement looks very healthy
for the "70’s. ®
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COLOR CODE CHARTS

COLOR BAND SYSTEM

RESISTOR CODES (RESISTANCE GIVEN IN OHMS)

BODY-END-DOT SYSTEM

‘anifi Ist | Significant
1st [ Significant COLOR__|DIGIT MULTIPLIER TOLERANCE an} ng ures
2nd] Figures BLACK | 0 1 +20% 9
Multiplier BROWN | 1 10 ,1;,;
lerance RED 2 100 12
Toleranc ORANGE | 3 1000 +3% *
YELLOW| 4 10000 GMV* Multiplier
GREEN | § 100000 +5% (EIA Alternate)
BLUE | 6 1000000 6% Tolerance
VIOLET | 7 10000000 112£/2%° BODY - END BAND SYSTEM
. . GRAY 8 .01 (EIA Alternate) +30% . P
Resistors With Black Body Color Are WHITE 9 1 (EIA Alternate) +10% (EIA Alternate) Ist Slg_nmcant
Composition, Non-Insulated. GOLD .1 (JAN and EIA Preferred) +5% (JAN and EIA Preferred) 2nd| Figures
Resistors With Colored Bodies Are ixlongan -01 (JAN and EIA Preferred) *;gg (JAN and EIA Preferred)
Composition, Insulated. A AT AT AT *
. . = eed minimum value, Oor - + olerance. I
Wire-Wound Resistors HaY: The Ist +3.6.12 1/2, and 30% are ASA 40, 20. 10, and 5 step tolerances. Multiplier
Digit Color Band Double Width. Tolerance

DISC CERAMICS (5-DOT SYSTEM)

CERAMIC CAPACITOR CODES {CAPACITY GIVEN IN pF)

HIGH CAPACITY TUBULAR CERAMIC

- COLOR |DIGIT| MULTI- TOLERANCE TEMPERATURE EXTENDED RANGE  INSULATED OR NON-{NSULATED
1st S|_gn|f|cant PLIER 10 pF OVER COEFFICIENT TEMP. COEFF. — Ist | Significant
2nd] Figures or LESS [10MM3 PPM/OC SIGNI- | MUL11- 2nd| Figures
Multiplier FICANT| PLIER Multiol

FIGURE ultiplier
BLACK | 0 1 12.00F  |220% 0(NPO) 0.0 a Tolerance
— Tolerance BROWN | 1 10 0.1 pF 1% -33(N033) -10 Volt
RED 2 100 2% -75(NO75) 1.0 -100 oltage
Eemperature ORANGE| 3 1000 12.5% -150(N150) 1.5 -1000 (Optional)
oefficient YELLOW| 4 10000 -220(N220) 2.2 -10000
GREEN | 5 10.5pF  |15% -330(N330) 3.3 a1 TEMPERATURE COMPENSATING
DISC CERAMICS (3-DOT SYSTEM)} sLuE 6 -470(N470) 4.7 ‘10 TUBULAR CERAMICS

- VIOLET | 7 -750(N750) 7.5 £100 1st | Significant
Ist [Significant  Gray | 8 01 40.25 pI° +30(P030) +1000 2nd! Figures
2nd| Figures WHITE 9 1 11.0pF | £10% General inli

Multiplier
Purpose +10000
SILVER Bypass & — Tolerance
Multiplier Coupling
GOLD +100 (P100,
JAN) Temperature
Voltage ratings are standard 500 volts for some Coefficient
manufacturers, but 1000 volts for other companies.
- ' ENTENDED RANGE T.C. TUBULAR
MOLDED- INSULATED AXIAL LEAD rypOGRAPHICALLY MARKED CERAMICS AN TOLERANCE CERAMICS
o LETTER [ 10pF OVER Lst | Significant
Ist [Significant or LESS 10pF 2nd! Figures
2nd] Figures T I C 10.2 pF gure
Multiplier emperature Coefficient D £0.5 pF I}Aotlllhplrer
Tolerance Capacity g :;:g ‘:)I; :;2 Erance
J +5%
Temperature Tolerance ; :;g% Temp. Coeff. Multiplier
Coefficient T. C. Significant Figure

MOLDED CERAMICS
Using Standard Resistor Color-Code

— 1st [Significant
2nd] Figures
Multiplier

Tolerance
White Band

Distinguishes Cap-
acitor From Resistor

MOLDED MICA CAPACITOR CODES
{Capacity Given In pF)

BUTTON CERAMICS
1st | Significant

STAND-OFF CERAMICS
lst}Significant

FEED-THRU CERAMICS

— 1st | Signiticant
2nd] Fiqures 2nd[ Figures 2nd[ Figures
Multiplier Multiplier Multiplier
Tolerance Tolerance
; __ Temperature Temperature
Viewed From Soldered Surface Coefficient Coefficient

MOLDED PAPER CAPACITOR CODES
(Capacity Given in pF)

T™MULTL | CLASS OR MOLDED PAPER TUBULAR

COLOR _|DIGIT| PLIER | TOLERANCE | CHARACTERISTIC MULTI 1st | Significant

BLACK 011 20%, A COLOR _[DIGIT | PLIER | TOLERANCE ndlFi

BROWN 1| 10 1% B BLACK 10 10 20% ndj Fiqures

RED 2 | 100 2% C BROWN | 1 ! Multiplier

ORANGE | 3 | 1000 3% D RED | ¢ 100 Tolers

YELLOW| 4 10000 E ORANGE | 3 1000 — nce

GREEN 5 5% (EIA) F(JAN) YELLOW/| 4 10000

BLUE 6 GUIAN) GREEN | § 100000 5%

VIOLET 7 BLUE 6 1000000 Lst Significant

GRAY 8 1(E1A) VIOLET | 7 . S Voitage

WHITE 9 JEIA) GRAY 8 Indicates Outer 2nd Figures

GOLD B 5%(JAN) WHITE 9 10% Foil . May Be On

SILVER .01 10% g&b‘éR ?Z’% Either End. May Add Two Zeros To Sig-

NO COLOR 20% Also Be Indicated By nificant Voltage Fig-

Class or characteristic denotes specifications of design involving Q factors, Other Methods Such As ures. One Band Indi-
temperature coefficients, and production test requirements. l

Typographical Marking  cates Voitage Ratings
Or Black Stripe. Under 1000 Volts.

MOLDED FLAT PAPER CAPACITORS
(JAN CODE)

Allaxial lead mica capacitors have a voltage rating of 300, 500, or 1000 volts.

*or =1.0 pF whichever is greater.
CURRENT STANDARD
JAN AND EIA CODE

BUTTON SILVER MICA MOLDED FLAT PAPER CAPACITORS

(COMMERC AL CODE)

White (EIA) Black (JAN} 15t 1st ] Significant Silver
1st] Significant (When 2nd [ Fiqures Ist ] Significant
2nd] Figures Applicable} | Sig Voltage 2nd] Figures
2nd (or 1st) Fig
3rdfor 2 -
\— Multiplier Vultpler nd) Multiplier Multiplier
——— Tolerance Tolerance Biack Or Brown Body Tolerance
Class Or Characteristic Class Characteristic

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



The first and only solid-state
test equipment
guaranteed for 5 years.

Now EICO, because of its emphasis on re-
iiability in engineering and manufacture, offers
the industry this breakthrough.

EICO’'s new line of solid-state test equipment
comes with an unprecedented 5-year guaran-
tee of performance and workmanship. (Send

for full details of this EICO 5-year GUARANTEE
on factory-assembled instruments.)

Additional advanced features include: new
functional design, new color-coordinated es-
thetics, new PC construction, new easier-to-
build kit designs.

New EICO Solid-State Test Equipment

EICO 240 Solid-State FET-VOM $49.94 kit, $69.95 wired.

One all-purpose DC/AC OHMS Uniprobe®. Reads 0.01V to 1 KV
(to 30 KV with optional HVP probe). 7 non-skip ranges, in 10 dB
steps. AC or battery operated. RMS & DCV: 0-1, 3, 10, 30, 100, 300,
1000V P-P ACV: 0-2.8, 8.5, 28, 85, 280, 850, 2800V. Input Z: DC,
11 M; AC, 1 M2 Response 25 Hz to 2 MHz (to 250 MHz with op-
tional RF probe). Ohmmeter reads 0.2 to 1 M2 in 7 ranges. 4%2"
200 wA movement. HWD: 82", 5%, 5" 6 Ibs.

EICO 242 Solid-State FET-TVOM $59.95 kit, $79.95 wired.

All the versatility of the EICO 240 plus: AC/DC Milliammeter, 1 ma
to 1000 ma in 7 non-skip ranges; single ali-purpose DC/AC-Ohms
— MA Uniprobe®; and large 6% ” 200 uA meter movement.

EICO 150 Solid-State Signal Tracer $49.94 kit, $69.95 wired.

Multi-purpose troubleshooter for TV/FM/AM & Audio Equipment.
Independent RF Audio inputs Speaker and meter output indicators.
400 mW continuous power output. Substitution amplifier, output
transformer, speaker. Input for rated output: 1 mV RF, €3 mV audio.

New EICO High Performance Instruments

L
11
1025

EICO 385 — Solid-State Portable Color Generator $79.95 Kit. $109.95 Wired.
EICO 465 — Wideband Vectorscope/Oscilloscope $179.95 Kit, $249.95 Wired
EICO 1025 — Solid-State Power Supply $34.95 Kit, $49.95 Wired.

EICO 443 — Semiconductor Curve Tracer $69.95 Kit, $99.95 Wired.

EICO 633 — CRT Tester & Rejuvenator $69.95 Kit, $99.95 Wired.

EICO 635 — Portable Tube Tester $44 .95 Kit, $69.95 Wired.

CIRCLE NO. 8 ON READER SERVICE PAGE

Hum 60 dB below 400 mW, 105-132 VAC, 50/60 Hz, 5VA. HWD:
72" 8%2" 5”.6 Ibs.

EICO 330 Solid-State RF Signal Generator.
$59.95 kit, $79.95 wired.

5 fundamental bands 100 kHz to 54 MHz. Vernier control 0-100%.
Qutput 300,000 LV into 50-Ohm load. External signal modulation
or internal 400 Hz, 0 to 100%. 105-132 VAC, 50/60 Hz, 1.7 VA.
HWD: 712", 8% 5”. 5 Ibs.

EICO 379 Solid-State Sine/Square Wave Generator.
$54.95 kit, $74.95 wired.

5 sine wave and 4 square wave bands. Low distortion Sultzer feed-
back FET circuit. Sine: 20 Hz to 2 MHz; 0-7.5V rms into hi-Z, 0-6.5V
into 600 ohms Max. distortion 0.25%. Square: 20 Hz to 200 kHz;
0-10V p-p into hi-Z, pos. direction, zero ground. Rise time at 20
kHz less than 0.1 x sec. 105-132 VAC, 50/60 Hz, 10VA. HWD: 7%2”
8Y2",8%" 9 lbs.

New EICO Probes for the Pros

Hi-Voltage Probe HVP-5, Wired $19.95.
Convenient buiit-in voltmeter. Barrier sections isolate HV tip from handie and
meter. Measures up to 30 KV. Lightweight, compact

Solid-State Signal Injector Probe PSI-1, Kit $5.95, Wired $9.95.

Pen-size, 1-ounce, self-powered signal generator. Frequency range from 1kHz to
30MHz, with harmonics. Clip it to your pocket — ideal for signal tracing in the
field.

Solid-State Signal Tracer Probe PST-2, Kit $19.95, Wired $29.95.

Flashiight-size, 2.20z, self-powered. Hi-gain amplifier, 50Hz to 200MHz with
demod tip. Input Z: 35009, 35KQ, 350K; Output: 0.3 p-p volts. Noise —45dB.
Distortion <5% . Complete with earphone. all probe tips, AA battery. pocket clip.

PN eome— e
<EER  PST-2 PSI-1
1 —_——— e e —— ——
- | SEND FREE 1970 CATALOG
: Name
I Address
|

HVP-5 City State Zip

! ® EICO Electronlc Instrument Co., Inc.
% 283 Malta Street, Brooklyn, N.Y. 11207
B/ EI1CO Canada Lid.
1

20 Millwick Drive, Weston, Ontario



Can you Pass—this

Electronics-
Technician Test?

By WALTER H. BUCHSBAUM

(Answers on page 102)

A major electronics firm uses the test below to check

on the technical knowledge of the men they hire
as technicians. The company’s technicians are not
production-line workers, testers, or repairmen, but are
personnel expected to work with engineers in the devel-
opment, breadboarding, and prototype construction of
sophisticated military and industrial electronics equip-
ment,

Test yourself to see if you can qualify for this type of
work. If you find you are rusty or completely unfamiliar
with some of these questions, it might be a good idea to
study up on that particular area. If you answer 40 or
more questions out of a total of 50 (80% ) correctly, you
could probably get a job with any company hiring tech-
nicians for military and industrial equipment develop-
ment.

1. The resistors used to convert a current meter into a
voltmeter are called:
(a) shunts
(b) decade dividers

2. The internal resistance which permits a voltmeter to
measure 12 volts across 2 megohms most accurately is:
(a) no difference (c) 20,000 ohms/volt
(b) 5 ohms/volt (d) 50,000 ohms/volt

3. The ordinary a.c. voltmeter measuring 110 volts is
really calibrated to read:
(a) peak value
(b) r.m.s. value

(c) multipliers (in series)
(d) multipliers ( in parallel)

(c) average value
(d) actual value

4. If a signal generator output of 100 milliwatts is atten-
uated by 20 dB, the available power will be:

(a) 50 milliwatts (c) 100 microwatts

(b) 1 milliwatt (d) 20 millircatts

5. If all resistors in the diagram

are 40 ohms, the total resistance

at the terminals is:
(a) 20 ohms (c) 13.3 ohms
(b) 40 ohms (d) 5 ohms

6. A series circuit consisting of a 32-ohm resistance and
an 18-ohm inductive reactance has a total impedance of:
(a) 24 ohms (¢) 36.7 ohms
(b) 240 ohms (d) 50 ohms

7. 100-ohm, 200-ohm, and 300-ohm resistors are con-
nected in series across a 100-volt supply. The voltage
across the 200-ohm resistor will be:

(a) 33.5 volts (c) 22.5 volts

(b) 50 volts (d) 67 volts

8. A current of 2 amperes flows
through R2 in the diagram.
If each resistor is 12 ohms, s S
the voltage at the terminals will be:

(a) 20 volts (c) 72 volts

(b) 65 volts (d) 96 volts
9. If a potential of 200 volts is applied across a 47k
resistor, the current through it will be:

(a) 425 milliamps (c) 94 milliamps

(b) 4.25 milliamps (d) 0.94 amp

10. The current flowing through a 75-watt lamp with
110 volts applied across the lamp is:

(a) 8.25 amps (c) 0.0825 amp

(b)0.75 amp (d)0.68 amp
11. If all resistors in the diagram below have the same
value, which network will produce 1.5 times the resist-
ance of a single resistor?

O

LA (B) {cy (01
12. If all resistors in the diagram above have the same

value, which network will produce 0.66 times the re-
sistance of a single resistor?

13. If a 30-millihenry and a 60-millihenry choke are con-
nected in parallel, their combined inductance is:

(a) 90 millihenrys (¢) 30 millihenrys

(b) 45 millihenrys (d) 20 millihenrys
14. A circuit described as having a “lagging power fac-
tor” is:

(a) capacitive (c) inductive

(b) tuned above resonance (d) high frequency
15. A purely inductive circuit has a phase angle of:

(a) 90° (c) 180°

(b) 45° (d) zero
16. How many cycles per second occur in a 10-kHz
signal?

(a) 10 (c) 10,000

(b) 1000 (d) 1,000,000

17. Microwave frequencies are those from:
(a) 10 kHz to 100 kHz (c) 100 MHz to 1000 MHz
(b) 30 MHz to 300 MHz (d) 5 GHz to 20 GHz

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



18. The wavelength corresponding to 150 MHz is:
(a) 1.5 meters (c) 15 meters
(b) 2.0 meters (d) 30 meters

19. If the length of a Hertzian antenna is increased, its
resonant frequency will:
(a) increase (¢) remain the same

(b) decrease (d) tend to drift

20. One advantage of a full-wave rectifier over a half-
wave rectifier is its:

(a) high output power  (c) higher ripple frequency
(b) efficiency at high (d) lower ripple frequency
frequencies

21. For maximum power transfer, the load impedance
must be:
(a) twice source imp.
(b) half source imp.

(c) as high as possible

(d) same as source imp.

22. Anopen filter capacitor in a power supply will cause:
(a) high voltage output  (c) higher ripple frequency
(b) no output voltage (d) low output voltage

23. The collector current of an “n-p-n” transistor will be:
(a) less than emitter (c) less than base current

current (d) greater than emitter
(b) greater than base current
current

24. The current gain in a grounded-emitter circuit is:
(a) greater than 1.0 (c) less than 1.0
(b) always 1.0 (d) varying with signal level
25. Excessive leakage current in a transistor can cause:
(a) more amplification (c) less amplification
(b) a short circuit (d) high collector voltage

26. A diode acts on a.c. by:
(a) amplifying
(b) rectifying

(c) rejecting
(d) bypassing
27. The control grid of a vacuum tube is similar to the:

(a) transistor emitter (¢) n-p-n junction
(b) transistor collector  (d) transistor base
28. The diagram is the schematic
symbol for:
(a) n-p-n transistor
(b) p-n-p transistor

(c) SCS “k
(d) SCR
29. A power transistor can be spotted in a chassis by its:
(a) color coding (c) insulation
(b) large size (d) lead configuration

30. In most transistor circuits the emitter-base junction
is:
(a) forward-biased
(b) connected to a
negative source

31. Emitter and cathode followers both have:
(a) low output impedance (c) low input impedance
(b) more than unity gain  (d) good regulation

(c) back-biased
(d) grounded

32. If the capacitance of a tank circuit in an oscillator
is increased, the output signal will:
(a) increase in freq. (c¢) remain unchanged
(b) decrease in freq. (d) decrease in amplitude

33. A series LC circuit, resonant at 6 MHz, acts as a:
(a) resistance at 7 MHz (¢) capacitive reactance

(b) inductive reactance at 7 MHz
at 7 MHz (d) inductive reactance
at 5 MHz

1970 EDITION

34. If the resistor in the diagram is increased in value,
(c) “Q” is increased

then:
(d) “Q” is decreased

(a) resonant frequency
35. The voltage waveform at the horizontal plates of an

increases
(b) resonant frequency
oscilloscope is usually a:
(a) pulse

decreases
(b) sine wave

(c¢) sawtooth
(d) combination
of (a) and (¢)
36. If the same sine-wave signal is applied to the vertical
and horizontal plates of an oscilloscope, the pattern on
the screen will be a:
(a) straight line (c) circle or ellipse
(b) figure-8 (d) sine wave
37. Video frequencies are those between:
(a) d.c.and 10 MHz (c) 10 MHz and 100 MHz
(b)100 Hz and 100 kHz  (d) 40 MHz and 50 MHz
38. The symbol of the diagram

usually means a: :D*
(c¢) “and” gate

(a) flip-flop
(b) “or” gate (d) inverter
39. IC flat packs usually have a maximum of:

(a) 14 leads (c) 16 leads
(b) 8 leads (d) 6 leads
40. The one type of logic not yet invented is:
(a) TTL (c) RTL
(b) DTL (d) KLL

41. The term “fan out” refers to a circuit’s:

(a) frequency cut-off (¢) bandwidth

(b) driving capability (d) gain
42. A transformer matching a 1000-ohm source to a 10-
ohm load must have a turns ratio of:

(a) 1:100 (c) 1:4
(b)1:10 (d)1:2

43. The iron core of a transformer causes:
(a) good bandwidth  (c) magnetic flux
(b) heat dissipation  (d) eddy current

44. A high v.s.w.r. is usually due to:
(a) lossy transmission (c¢) impedance mismatch
.line (d) lack of gain
(b) low signal level
45. A directional coupler usually has:
(a) 3 ports (c¢) a diode inside
(b) no losses (d) a balanced output
46. The sound carrier on commercial TV is modulated
by:
y( a) AM (c) PCM
(b) I'M (d) phase modulation
47. Commercial TV receivers always use a:
(a) circular scan (¢) sequential scan
(b) interlaced scan (d) PPI type scan
48. The short-wave Citizens Band is at approximately:
(a) 30 MHz (c) 455 kHz
(b) 10 MHz (d) 27 MHz
49. Best tape recording fidelity is obtained at:
(a) 3% in/s (c) 7V in/s
(b) 17 in/s (d)5% in/s
50. The scratch filter in a hi-fi set is a:
(a) bandpass filter (c) high-pass filter
(b) low-pass filter (d) constant-k filter



O...7 DB11er way
1o drive and adjust
16X SOCKE SCEuS

...IN PRECISION WORK

With the tools in this new, compact convertible
screwdriver set, you can turn all types of hex
socket screws . . . in all types of locations . . .
faster, easier than with conventional keys.

Handy midgets are ideal for such delicate,
precision work as assembly and servicing of in-
struments and controls. Remarkable “piggyback”
torque amplifier handle adds grip, reach, and
power needed for other applications, lets you do
more jobs with fewer tools.

—

PS-89 SET
8 midgets (hex size .028”

thru Y3”) plus hollow,
“piggyback” handle. Slim, trim,
see-thru plastic case fits
pocket or tool box,
doubles as bench stand.

REQUEST COMPLETE HAND TOOL CATALOG

which includes information on other Xcelite
Compact Sets, too — slot tip/ Phillips/Scrulox®
screwdrivers, nutdrivers, and combinations.

®

Nationwide availability through local distributor

XCELITE, INC., 92 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.

CIRCLE NO. 19 ON READER SERVICE PAGE
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RADIO-TV SERVICE ORGANIZATIONS

(Association officers or leaders of state or local groups who may be contacted for addi-
tional information on how to become affiliated with a group in your area.)

NATIONAL ASSOCIATIONS

NATESA, National Alliance of Television and Electronic Service Associations
Frank J. Moch, Exec. Director, 5908 S. Troy, Chicago, Ill. 60629

NEA, National Electronic Associations, Inc., Dick Glass, Exec. Vice Pres.
7046 Doris Dr., Indianapolis, Ind. 46224. Ph (317) 241-7783

STATE, AREA, OR LOCAL ASSOCIATIONS

ARIZONA, James Marsh, CET, 316 W. Goodwin St., Prescott 86301. Ph 445.0550

ARKANSAS, ETA of Arkansas, Chas. Erwin, 1110 N. 11th St., Ft. Smith. Ph SU2-4457
TESA of Arkansas, P.O. Box 542, N. Little Rock

ALABAMA, A. S. Robertson, 201 4th Ave., Bessemer 35020

CALIFORNIA, C.S.E.A., Ralph Johonnot, Exec. Sec. 13666 S. Hawthorne Blvd., Hawthorne
90250. Ph (213) 644-4636

COLORADO, TESA of Denver, 1407 S. Holly, Denver 80220

CONNECTICUT, TELSA of Conn., Fred Haddad, CET, Pres., 191 Meriden Rd., Waterbury
06708. Ph 755-4920

DELAWARE, TSA of Delaware Valley, Anthony A. Marcozzi, Pres., 1900 W. 6th, Wilming-
ton 19805. Ph (302) 654-2416

FLORIDA, FESA, D. W. Averette, 4130 Conway Rd., Orlando 32806

GEORGIA, ETA of Georgia, Joseph Vannier, CET, Pres., 208 Webster Ave., Albany 31705.
Ph 436.3813

IDAHO, TESA, Guy Blakeslee, Pres., 107 Orchard, Boise. Ph 342.8624

ILLINOIS, ARTS of Chicago, Howard Wolfson, Sec., 25 E. Congress Pkwy., Chicago.
Ph (312) 939-6495. ARTS of Peoria, Jim Bridges, 1020 W. Main, Peoria 61606.
TESA Chicagoland, Lyle Green, 820 Oak Park, Oak Park.

INDIANA, |.LE.S.A., John Saunderson, Pres., 510 Liberty, Muncie 47305

IOWA, TSA of lowa, Clark Pohl, Pres., 302 Willis, Perry 50220. Ph HO5-5351

KANSAS, KEA, Emmett Hughes, Pres., 123 W. 23rd, Hutchinson. Ph (316) M02-5896

KENTUCKY, K.E.T.A., Fred Watjen, CET, Pres., 3628 Brownsboro Rd., Louisville, 40216.
Ph (502) 893.3424

LOUISIANA, ETA of La. H. C. Smith, Pres., 711 Compton St., New Iberia.

MAINE, Edwin A. Smith, 96 State St., Presque Isle 04769

MARYLAND, META, J. S. Uhlifelder, 7206 Harford Rd., Baltimore 21234. Ph 494-6000

MASSACHUSETTS, Electronic Technicians Guild, Art Diloreto, Pres. 151 Stroughton St.,
Dorchester 02124

MICHIGAN, TSA of Michigan, Robert Lewis, Pres., 15238 W. Warren, Dearborn 48126.
Ph (TSA Hall) (313) 846-0866

MINNESOTA, MINTSE, J. Hemak, CET, Pres., 4401 Quincy, NE., Minneapolis 55421
TESA of St. Paul, Don St. Clair, Pres., 450 Blair Ave., St. Paul. Ph HU6-2070

MISSISSIPPI, S. J. Thomasson Jr., P.O. Box 944, Columbus 39701. Ph 328-8426

MISSOURI, TESA of Missouri, Bob Ferguson, Pres., 415 Locust St., Columbia
EST UNION, Walter Baese, CET, Pres., 3326 Miami St., St. Louis 63118
PTTA, Zane Boydston, 2125 Windsor, Joplin. Ph MA4-7122

MONTANA, Bill Walker, 2221 Custer Ave., Billings 59102

NEBRASKA, NESA, Roger Brehm, CET, Ex. Sec., 1312 N. 66th Lincoln 68505. Ph 466-0358

NEW HAMPSHIRE, Wm. Roberts, CET, 71 Grove St., Littleton 03501. Ph 444-5935

NEW JERSEY, Tri-State Council, Lewis Edwards, CET, Pres., 1451 Hamilton Ave. Tren-
ton 08629. Ph (219) 396-2452

NEW MEXICO, TESA of New Mexico, Pat Barr, 1001 San Mateo, S.E., Albuquerque 87108.
Ph AL5-2054

NEW YORK, Empire State Federation of Electronic Service Assns., Warren Baker, CET,
Pres., 514 Second St., Albany 12206. Ph (518) 462.2309

NORTH CAROLINA, ETA, M. D. Tedrow, CET, 1023 Goldfloss, Winston-Salem 27107.
Ph 722-2970

NORTH DAKOTA, Fargo-Moorhead TV Service Assn., John Carlson, 1718 S. 1314, Fargo.
Ph 232-1861

OHIO, TSA, Bill Frank, CET, Pres., 252 S. Main St., Columbiana 44408

OKLAHOMA, TESA of Okla., Don Pinkston, 118 S. 7th, Chickasha 72018

OREGON, OTSA, Rod Gregg, CET, ¢/o Rowen's TV, 790 5th St., Madres 97741

PENN., FRTSA, Dave Krantz, Pres., 2709 N. Broad St., Philadelphia 19132. Ph TU7-3152

RHODE ISLAND, R.l. Radiomens Business Assn., 425 Willet Ave., Riverside

SOUTH CAROLINA, Glen Dixon, Jr., CET, 1856 Manigault Pl., Plantation Estates, Rt. #4,
Charleston 29407. Ph 766-2831

SOUTH DAKOTA, Marlin Engel, CET, TV Clinic, 318 Main St., Winner 57580

TENNESSEE, Cecil .. Haggard, CET, 407 EIm St., Shelbyville 37106

TEXAS, TEA, J. W. Williams, CET, Exec. Sec., 2708 W. Berry, Ft. Worth 76109. Ph (817)
WA6-3832

UTAH, Utah Radio & TV Assn., Clark Ross, Pres., 456 27th St., Ogden

VERMONT, Earl Gove, Bristol 05443

VIRGINIA, V.E.A., W. S. Harrison, 3214 Chalfin Ave., Norfolk 23513

WEST VIRGINIA, R. L. Knighton, 1131 Dunbar, Dunbar 25064. Ph 774-9401

WASHINGTON, W.S.E.C., Frank Long, CET, Chmn., 8202 Mili Plain Blvd., Vancouver 98664

WASHINGTON D.C., TESA, Carl Johnson, 944 Wayne Ave., Silver Spring, Md. 20910

WISCONSIN, TESA, Art Nelson, Jr., 12217 W. North Ave., Milwaukee. C. Milton Lowell, CET,
832 Henry Ave., Beloit 53511. Ph (608) 362-3992

WYOMING, Jent C. Hubbard, 313 N. 6 East, Riverton 82501

QUEBEC, Quebec Corp. of Electronicians, 2222 Est Rue Beaubien, Montreal 35

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



KIT FORM 3299

MARK TEN SCR

CAPACITIVE DISCHARGE IGNITION SYSTEM

Now discover for yourself the dramatic improvement 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 five 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.

A Dramatic Increase in Performance and A Points and Plugs Last 3 to 10 Times
in Fast Acceleration Longer

A Promotes More Complete Combustion A Up to 20% Mileage Increase

(saves gas)

ASSEMBLED

12V ONLY ONLY

ONLY

MODEL 3000 FET VOM

Delta now offers a compact, versatile, and extremely sen-
sitive VOM which combines FETs and ICs fcr extreme
accuracy. Compact (6%2"W x 8”"H x 31%2”D), portable. Wt.
3% Ibs.

IN KIT FORM: Feedback network with pre-selected com-
ponents to eliminate all final calibration. Ready to use
when assembled!

NEW DELTA FEATURES:

A Mirror scale 200 A D'Arsonval meter

A Integrated circuit (IC) operational amplifier
for extreme accuracy

A FET input stage with current regulator

A Two stage transistor current regulator and
Zener diode on OHMS for absolute stability
and accuracy
Voltage clippers for protection of input
stage

S14%,

Only $5995

ppd.

Fully temperature compensated for low low
zero drift

Ten turns ZERO and OHMS adjust
potentiometers

Epoxy glass circuit boards and metal case
Enclosed switches

Lses readily available type AA cells

Uses standard test leads for maximum
fexibility and ease of measurement

10 Megohms input impedance

Delta, pioneers in CD ignition who pro-
duced the fabulous 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,
1 solid-state electronic matched components
. . used in the computer, i
i-DELTA: Please send me literature immediately. | fisnedst’prechisiono mittllrrinc?hugla%rlg.ltt\}votrii
| | am enclosing $ for items checked. 1 on all 2, 3, 4. and 6 cylinder 2 cycle and
[ Mark Ten SCR (C] Kit [ Assembled) with 4-6-8 cylinder— 4 cycle 12 volt engines.
[J Model 3000 FET VOM (] Kit [ Assembled)
[3 Computach (Kit only}

Piease ship immediately.

Write today for complete
literature packet

City/State
*My car is (Model)

1970 EDITION CIRCLE NO. 7 ON READER SERVICE PAGE

0-8000 RPM range

Perfect linearity — zero paralax
Adjustable set pointer

Wide angle needle sweep
Translucent itfluminated dial
Chrome plated die-cast housing
All-angle bail & socket mounting
Use it with ANY ignition system
Meter: 3%s" dia. X 3% " deep

A
A
A
A
A
A
A
A
A
A

needed.

*An exclusive computAer
tachometer for precise
RPM measurement in

easy-to-build Kit form! 29 ppd.

KIT FORM ONLY

DP 9.8

Calibration kit inciuded, no test eqpt.
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MOTOROLA
COLOR-TV CIRCUIT

The new 16T5-930 chassis, with its 16-in picture tube, is used in two portable
color-TV models, the Model CP462F and the Model CP463F. Two etched panels
are used for this hybrid chassis. One of the panels contains all tubes except the
horizontal output and damper, and is designed to handle the high-power circuitry.
The other panel contains all transistors with the exception of the audio output and
handles signal circuits and the low-power stages. A new system of component
identification is used in which panels are divided into zones for easy part location.

16T$-930

12

— e S— — e — o mowe e e—
" f e FRINSISTOR IDERTIFICATION &
NUMBE} 7 4PPEAR s, SES, 7, i f
“ . ‘,/ ; 5 ,,q': ¥ ,,A r,uvsmw .,M, /v ,‘{{ ,{ £ /,;5[ S0UD IF ORIVER H*DSLIL(LAYORTI,IEITE_R ‘.'.' e s
JWWDY 1581y g # 12! -9: T U SE—
9 r
= ; gl 5%
I F‘ 3 PN v': iy 1+ =4 T A ﬁﬁ‘f 1
2/ | ¢ sy (PR ~ 5% 450
I . s (S 1 [ENL AL -
£ 5,&,..' Tm EN o e 1 m" [T 2 I E—
31 <0 awo 2i00) [ n
L | aiflen (\W‘WL 3 (39-13}
w0155 ) Sl ?_" - s
I w0 - P - T I
— — — S— —— — om— ki R Tor 010 o B oS 2T
s ) 1STVIOED awp g = -
LT N O ‘ R
et o b o + R EAGR o diiie o Sl o g
) Tu T EA Y zs- 3l # wm e, -
i R n
+4y g gv’ o g ‘f 137 oo
¥ i i v el i
e ! 0
i 3 s
I h 508 T s g T e i ¢
‘ . 1 e
| z wrg [ s W - =
PN S ) W e i LT = R—
ik 3 o = -
T 1 T [
| N Gomarisl A
= = 16
' 2 5 o g "t
i m AGCDELAV Su ascawe it pa- = -
137-12) i, (i36-12), Py e AT [ [Car
‘ > oL " 1000
‘ —i—- g

" 0136-12) ‘
Py
fhe = ! |
U J&’i = senace L5y M @ 4 1 coor’ wr awe - R
Ie AGL PULSE {1451 L) .
Tunensl "m o sn " 01006 Tree 26, = K {Eet s
-\'\‘/I g 4

X g I — I8 -
— ; . w1 g "-!@ +m.. A XS
& 00 | | b
I mI ) Inm ;qu ‘ E: | b bR ‘ | - °| | § i e, v 4_" S
I wOr USED W e . i | | O, e S P
CHASSIS CODED | 4 [ $om0 S 4 B measg icton | 00 | v (150-12)
8-00 8 [ATER 4, qgows nn ne leoLoR . ~ M - -+ ——
| 1 I"' 1 | - Sa 3| |8 P R s '
e T ot e [TRAN . . Thw G b
) | Iurmﬁ + e 2] +. — m )
ey l | ! ( w . 290 g pllal —
rectreeX | xngumgn 1 L~—>Jl’ — e PHASE BETECTOR w- -
| Tieen Lo | e e \ [ e T } I g ,,_T COLOH-'
-+ b =— & ¥ " ‘ KILLER $=—c-
PANEL { | AGC DELAY | mes m¢+ L
——— i — e e e e —_—
H0IE US4 SOCKETOF 40 25¥ -I e T 1081 25¢ L it 0 - - i
if;’éé‘?’ﬁr’:‘&’:‘uﬂ:fp _— I > i ‘m L T TI il — S s T
I0F OF 120V L L%, Wy ” m “,, enct s 2 u* , o [— — —— —
E [ 5 G ¥ IHERWAL DEGAUSSING SWITCH o 1 -
iR W gt ; RECT. } o BE)= = 1o gy D e |t
AR S A ) (52-1) R L4285 F| e w08 1000
== " v 1l anit e & - %
el tor | s ssom [F——————@- + 7 \ 1 RECT
a ) B 500 [ e 13 L2 T he fey T
- p s | : (52-1)
H 13 " ;’Z’Zj’ / aiRgulr El[ugu“‘ “ —— ] o taagssine o I o
é” [ e — ] sy ti=
‘ L | "n_,_ —f‘_é"r— ok r—r — — R |7 HERKAL DEGAUSSING 34CE3 I t{‘é"
- . S W g cons™ ¥ 60 cons il o R | < —
| LG wafsoa
s ove ot 1 g sy i || Tay [ e T ] 5
z}r‘;ﬂi[mmgum "0 || converenet “l’ : = 'i‘" w ST
rm/m L5 e Yot iy wRED g o =t 7
[ e = . SG}DGI
I_, Sl - -l e S Y= 4006 IaAcw 1AFS 21008 GLEB
o Too | ‘ B0TR-5 T0P B-G pclarack db_(‘ A :
e | one : : I
| [UNE T e NJ L HoRiz | O Homiz % L =PANEL 2 o e c— e——
{ M b ‘@ soof - l»m ' |
l | lEFT lLUE £ _—t
*m o [ [aor 4150 I — e
- . e
® @ e ® w | T80 8] Lo [Seanl [ Top |
| et R vegr 4 | oRil. i ‘ e
" BLU[ LUTR % nomz {"a ®| | VERT. | I
/ B J
|1 ws, ITIE‘HOIIZ w s4atouy ® J L.,;. s}’ ? | “"fﬂ |_n|;
L] o] e s ot AAY
usm‘]‘ . _:.@;WIL | 3%, BLUE =, )
R || woriz | I o sl
[ 7 RLR-G vERT * ‘ me
|PaneL |3 ] \ || |
S — —— e | || e b | Lty o
( L;_V& e — Sl— 1 ¥
-1.57V P-P H L o S — = 1
L — — —————

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



—II50V P-P

(8-1}

v m 22V P-P
e m— PANEL
AATIG bET I

v @ 80V P-P
VD»_II:

-— s e e E— —PANELZﬁ

5HaY
SERVICE SHICH

080 25
.: ’ NRNAL o by
o7 AL T

PURITY

0
b i)
RATIO OET.
1€
(8-1) T o
o
-
Sonend creio
catz X (8-1)
T T uDE
-

A

15T CDLOR VF

(143-12) 5y,

w Ino

m
5

220
B-Y DEMODULATOR
4 50 (159-12)

o) Gy
{t
et sim m
110 CHSSls . 62ub | oga | o 2T
Q22 YN
O (Al;W OU)TPUT ' 195
- 156 - 10 et
e % o
FXY um =
ey L
- 1
o I U - Y o~
if + Hrnl ® HV‘ 2
LOR SYHC BLAMK —l ”
D100
(5, A
i 1738AC10
o -1 NP

G OWF vas

1 V8
MIFAP22 v

.
1
! ETPR
:
!

198 SALS 3y
"
" HAG
"
Rl T ¥y

2m6

in P

'/JBACIO

r 7'
7| s ]
]
v v
ny T -
19§

70 esou

e
»

.
e AL e A R 07 1
N REDY oo

SCREEN | pocus Taps

e

L VAT 1y

~

ORIV 1y Jens. b o1 1nt, K
70745 14 o 0f Vb

RN, L4 S OF SKTS

- 10 £ N

1
BRIGHTNESS  wasTeR
1 CONTROL BRICHTHESS

008

conmcs oz ron sy 7Py

1501 oss ==
P

ED

<00

HY RECT
%4

ottt r‘ ﬁ
”ll
” 340E3
1an ANPER L0
v
B
& Rus
™ " S.6unss

3,
'_2% - I‘Dlm o

+ PTURE TusE

I

- REACTANCE
ADJ.
400
l w1
an
= 3 ._ e — i
-
- #4¢ pust
—
“R21L0 TefLas
s 25 ﬁ"" Hol
o & "
1060 D}
T 1000 o
61 _ L £
l ” ABB:
200 5300 :
}—»—}‘ .o:‘zIML gwl BNy
o i am :
s T e o
Flon W
oktar
22mec
o
L — — — — S— —
VERT. e 10NF
SIze 350¥
— o o— 4O
2
TVIDLU
ﬂ’lp.f/;l':/l![ - DEFLECTION 10/E

SHITEH SHES

1970 EDITION

|
VERTICH

Ia

s

cons
—

ADC’

384 (L
TugRwsTe 17

g
CAM
e

*

HORIZONTAL
cons

13




Electric Shock

By JOHN FRYE

It is foolhardy for radio/TV technicians,
or for that matter anyone, to remain in
ignorance about the nature of electrical

shock and the methods of resuscitation.

two of them sat side by side on the service

bench drinking a couple of Cokes Matilda, the
office girl, had brought in from the drugstore next door,
“do you remember our talking two or three weeks ago
about the alarming number of people believed to be
accidentally electrocuted in homes and at work each
year?”

“Yup,” Mac answered with a mouth full of cracked
ice.

“Well, that started me thinking: here we are working
with all sorts of voltages and currents day after day;
yet I know precious little about the nature of potentially
lethal electric shock or methods of resuscitation. Sud-
denly that seemed about as smart as for a snakehouse
operator to be ignorant of reptiles and to be without
snake-bite serum.”

“So what did you do about it?”

“Boned up on both departments. Reading helped a
lot; but I also checked with Red Cross headquarters,
the new intensive-care unit at the hospital, and the
emergency squad at the fire department. As a result, I
now feel I know a lot more than I did about how elec-
tricity can injure the body and how to counteract the
effect of such injury.”

“And if I know you,” Mac said with a pretended sigh
of resignation, “I'm about to become the hencficiary of
your new knowledge.”

“You're darned tootin’,” Barney said. “After all, it’s
more important that you know all this than that I should
know it, because what you know may save my life.”

“That’s what I like about you: always looking out for
the other fellow! But what does electricity do to the
body?”

“Lots of things, mostly bad, at least when applied
accidentally. A high-voltage current can arc at the point
of contuct and sear the flesh there. This you can see. But
an autopsy often reveals that heavy current literally
cooks the flesh along the entire pathway through the
body. Currents heavy enough to raise body temperature
appreciably produce immediate death. Relatively high
currents may produce fatal damage to the central ner-
vous system. Such currents flowing near the heart may
cause cardiac arrest, and those flowing through other
nerve centers can stop breathing.”

“You're talking about heavy currents such as would
be produced by contact with a high-voltage line, but a
high percentage of electrocutions are produced by

“HEY, Mac,” Barney said to his employer as the
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household voltages. How much current is really dan-
gerous?”

“That’s a good question, and C. F. Dalziel of the
University of California and W. R. Lee of the University
of Manchester tried to find some answers. Their findings
are written up under the title ‘Lethal Electric Currents’
in the IEEE Spectrum for February, 1969. The first
thing they wanted to find out was the let-go current for
human beings.”

“Hold it!” Mac interrupted. “What's a ‘let-go cur-
rent’?”

“It’s the maximum current at which a person can still
release a conductor by using muscles being stimulated
by that current. It’s very important because a person can
withstand repeated shocks by current below this value
—at least stand them long enough to turn loose—but a
slightly higher current ‘freezes’ the victim to the con-
ductor. Since the damaging effect of electric shock is a
function of both the amount of current and the length
of time the body is subjected to it, you can see the
critical let-go current, which determines whether or not
the victim can voluntarily free himself from the elec-
trical circuit, is most important.

“Dalziel and Lee exposed 134 men and 28 women to
increasing current to determine how much each could
take and still be able to release the small wire carrying
the shocking current to their hands. The average let-go
current was found to be 16 mA for men and 10.5 mA for
women. While physiological development, especially
in the arms and wrists, greatly influenced the let-go
current, psychological factors played a part, too. The
highest let-go current was obtained on a physiology
student who boasted he was as good as any engineering
student.”

“I'm not sure average values are of much use in a case
like this,” Mac objected. “I still remember the guy who
drowned in a river that ‘averaged’ only a foot deep.”

“The gentlemen doing the testing agreed with you; so
they decided a reasonably safe limit for electric shock
would be the 0.5 percentile let-go value. On this basis,
it was found safe let-go currents could be considered
approximately 9 mA for men and 6 mA for women.
Incidentally, no essential difference was found between
50 and 60 Hz as far as let-go current was concerned.

“Next the gentlemen turned to finding the minimum
fibrillating current. As you know, the several causes of
ventricular fibrillation include the flowing of electric
current through the heart muscle. While this current
does not actually damage the heart, it deranges the
functioning of that organ. Individual muscle fibers are
thrown out of sync, so to speak, and are no longer co-
ordinated. Instead of working together to produce the
rhythmic, life-giving pumping of blood through the
body, they contract individually and at random, result-
ing in a twitching, trembling of the heart that renders
it useless for circulation.

“Ventricular fibrillation is considered the most dan-
gerous electric shock hazard because once it starts
in man, it practically never stops spontaneously; yet
the brain begins to die two to four minutes after it is
deprived of a supply of oxygenated blood. If the victim
is to be saved, he must receive prompt rescue and im-
mediate and continuous artificial respiration until other
resuscitating measures are available.”

“I'm curious as to how the minimum fibrillating cur-

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



absolute end
of an old fear:

The new B&K Sweep/Marker Generator
does for TV sets what no other instrument
or instruments can do. It makes alignment
of color, as well as black & white
TV, simpler and easier than ever.

Remember all your old fears about TV
alignment (especially color)? Well, now
you can forget them!

In the past, a marker generator and a separate
sweep generator were used with a marker
adder and a bias supply. All four of these now are
combined in one easy-to-use instrument.

(We’ve made benchwork so much simpler
by doing away with the need for hooking together
a lot of cables and costly instruments.)

The Sweep/Marker Generator is both an
instrument and a guide. As a guide, the bandpass

and chroma bandpass curves are visually
reproduced and the individual markers are clearly
indicated by lights—right on the front

panel—-for quick, easy reference.

As an instrument, the Sweep/Marker Generator
not only generates the marker frequencies
(all crystal controlled), but also sweeps the chroma
bandpass, TV-IF, and FM-IF frequencies.

See it soon at your B&K distributor or write us
for advance information on the product that
makes TV alignment procedures of old a fearless
operation: simple, fast, accurate. The new
Sweep/Marker Generator, Model 415, Net: $399.95

BL

A Division of DYNASCAN CORPORATION
1801 W. Belle Plaine - Chicago, /linois 60613
Where electronic innovation is a way of life.

'EHMOOEL 415 SOLID STATE SWEEP/MRKERENEHATDR

ouonas

a3
250

New B&K

Sweep /Marker Generator.

CIRCLE NO. 4 ON READER SERVICE PAGE
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Eprror’s Note: Early this year a new Standard for Leak-
age Current for Appliances (C101.1), sponsored by Un-
derwriters’ Laboratories, was published for trial and
study. The proposed standard is for 120-volt appliances,
including radios and TV’s, that are connected by 2-wire
flexible cords to the a.c. power line. The maximum a.c.
leakage current is not {o exceed 0.5 mA (r.m.s.) between
all exposed conductive surfaces of the appliances to the
neutral or grounded side of the power line. The meas-
urement is to he made across a meter terminal impedance
consisting of a 1500-ohim resistor shunted by a 0.15-uF
capacitor. This RC circuit simulates the impedance of
the human body under such potentially dangerous con-
ditions as when one’s fingers are wet. With a leakage
current of 0.5 mA flowing through 1500 ohms, the a.c.
voltage drop amounts to 0.75 volt. Measurements are
taken with the appliance turned on and with the a.c.
line applied first one way and then reversed.

rent for human beings was determined. Sounds like a
great place for non-destructive testing.”

“You can say that again! Any current above the let-go
value is considered dangerous; so the only recourse is
to extrapolate results obtained on animals to man. This
introduces uncertainties, but it's the best we can do.
Most of our previous information came from work done
by Ferris in 1936 at Columbia University and the Bell
Telephone Laboratories; by Kouwenhoven in 1939 at
Johns Hopkins University; and by Kiselev in 1963 at the
U.S.S.IR. Academy of Sciences, Moscow. In 1968 Dalziel
and Lee presented a new analysis relating mimimum
fibrillating current to both body weight and shock
duration.

“The experimenters electrocuted dogs, pigs, sheep,
and calves totalling in the hundreds to obtain their
information. The test procedure was to apply a series
of well-spaced shocks of gradually increasing intensity
until fibrillation occurred. Electrodes were applied to
the right front limb and the opposite rear limb so cur-
rent flowed through the animal’s chest. The 0.5 per-
centile values were again used to indicate either the
maximum non-fibrillating current or the minimum
fibrillating current.

“I'll not try to tell you about the various individual
findings, but they boil down to this: the minimum
current causing ventricular fibrillation is proportional
to body weight and inversely proportional to the square
root of shock duration. In 50-kg mammals, the relation-
ship is approximately 116 to 185/ \/T mA. It is believed
unlikely that a normal adult will experience fibrillation
if the shock intensity is less than 116/ /T mA, where T
is in seconds. For example, this works out to be about
58 mA for a four-second shock.”

“So that's how you start fibrillation. I'm more inter-
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ested in how you stop it, or rather how you revive a
victim of electric shock.”

Before answering, Barney fished a final piece of ice
from his glass with his fingers and popped it into his
mouth. “One of the best sources of that information
T've found,” he said, “is the Resuscitation Manual, A
Guide for Electric Utility Companies, published by the
Edison Electric Institute at 750 Third Avenue, New
York City. It stresses that the victim should be freed
from contact with the current as quickly as humanly
possible with safety to the rescuer for two reasons:
(1) the longer the current flows through the victim’s
body, the greater is the likelihood of irreversible injury,
and (2) the sooner artificial respiration is started, the
better his chance for survival. If he is not breathing or
his blood is not circulating, the possibility of successful
revival declines steeply with every passing minute and
becomes extremely low after about four minutes.

“The actual method of artificial respiration used will
depend on the victim’s injuries. Mouth-to-mouth insuf-
flation is the best because it assures positive movement
of air into the lungs, but facial injuries sometimes make
this impossible. By the same token a broken arm or
fractured ribs may make the Back Pressure-Arm Lift
method inadvisable. The point is that a person should
be acquainted with two or three methods of artificial
respiration, and an excellent step-by-step diagrammed
source is that Resuscitation Manual 1 mentioned or A
Supplement on Artificial Respiration issued by the
American Red Cross. Better still is to attend a class on
this subject put on by the Rled Cross or some other
safety organization where actual demonstrations on
duwmmies or models are used. Seeing artificial respira-
tion given by an expert or practicing it yourself under
supervision is far superior to getting vour knowledge
from diagrams in a book, for this is a case where a little
knowledge can be a dangerous thing. This also applies
to external cardiac compression used to start a reluctant
heart by compressing the chest with the heel of the
hand so the heart is squeezed between the sternum and
the backbone some sixty times a minute to provide
artificial circulation of the blood because this should
not be done if the victim has a pulse, if his ribs are
broken, or if his pupils remain widely dilated.

“The main thing is to keep artificial respiration going
until the patient starts breathing on his own or until a
doctor declares him dead. Rigidity is not necessarily a
sign of rigor mortis because muscular tension is always
present in electric shock cases. All else failing, a ‘de-
fibrillator’ may be used by a doctor to stop fibrillation.
This is a hair-of-the-dog-that-bit-him technique because
it syncs the uncoordinated heart muscles with a current
of up to fifteen amperes sent through electrodes at-
tached to the chest for from 0.1 to 0.5 second.”

“Let’s see if I have all this,” Mac recapitulated: “A
current as low as 9 mA can freeze a man to a current-
carrying conductor. Slightly more current can start his
heart fibrillating. If his heart is not freed from this
condition by external means within four minutes, his
chance of survival is very poor. Artificial respiration,
external cardiac compression, and the use of a de-fibril-
lator comprise his best hope of being revived. But arti-
ficial respiration and cardiac compression techniques
should be properly learned to be really effective.”

“You. get A on the course!” Barney applauded. ]
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CASH IN ON THE BOOM
IN COLOR TELEVISION IF

The NRI TV-Radio Servicing course
includes your choice of black and

CARD IS

MISSING

white or color TV training equipment. MAIL
Color TV needs thousands of trained
men to keep pace with millions of sets THIS
being sold every year. NRI prepares lWi[}]di]]
you quickly. Cash in on the boom.

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

23-109
Name — = — _
Address . = Age
City - State Zip

" {J Check for facts on Gl Bill

You get more for your money from NRI

NRI pioneered the idea of supplying home-study
students with custom designed training kits to
give practical on-the-job experlence as you learn.
Today, NRI's “3-Dimensional” training can’t be
equalled. You get more value — from the exclu-
sive Achievement Kit sent the day you enroll, to
“hite-size” texts and custom training equipment.
Learning TV-Radio, Electronics or Communica-
tions at home is easy, exciting, the NRI simpli-
fied, dramatized way.

BE A SKILLED TECHNICIAN IN AMERICA'S
FASTEST GROWING INDUSTRY

Regardless of your educational background, you
can learn the Electronics field of your choice the
practical NRI way. The NRI color catalog, sent
to you free and without obligation, tells you how
you can qualify quickly to be a part of the fast
growing Electronic Age; about engineering jobs
in business, industry, broadcasting, government,
now offered to men without college degrees. It
will open your eyes to the great number of suc-
cess opportunities available right now in the
high-pay world of TV-Radio Servicing, Broad-
casting-Communications and Industrial-Military
Zlectronics. With NRI technical training, you
can take your choice of a wide variety of career

openings or have a business of your own. And if
you choose one of five NRI courses that include
FCC License preparation, you must earn your
FCC License or NRI refunds your tuition!

MAKE $4 TO $6 AN HOUR EXTRA
IN SPARE TIME STARTING SOON

Tens of thousands of NRI graduates are proof it
is practical to train at home in your spare time.
Keep your present job while preparing for a bet-
ter one, and earn $4 to $6 an hour extra in spare
time while you train, fixing sets for friends and
neighbors. NRI shows you how. Equipment you
build and keep becomes useful in your work.

STEP UP TO BETTER PAY, A BRIGHTER FUTURE

NRI can help you, but the decision to act must
come from you. Decide now to move ahead . . .
mail the postage-free card. If missing, use coupon
above for FREE NRI color catalog. No salesman
will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

APPROVED UNDER Gi BILL

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

NRI Programmed Equipment Gives You Priceless Confidence,
Makes Learning TV-Radio, Electronics Fast and Fascinating

BUILD - TEST - EXPLORE AIl this is yours — from Achievement Kit,
to solid state Radio, to training-engineered Color TV set —when you
enroll for NRI’'s TV-Radio Servicing course. Other courses equally
complete. Unique training methods, “bite-size” texts, many personal
services have made NRI the leader in its field for over 50 years.
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COLOR TV |

TOTALLY ENGINEERED

FOR TRAINING
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ZENITH

top-of-the-line ¢

onsoles,

12412652

COLOR-TV CIRCUIT

This new hybrid chassis, with its transistors and IC color demodulator,

uses a 23-in picture tube. It is employed in a large number of current Zenith

including some with remote-control provisions.

These models are the A4519, -20, -24, -25, -26, -28, -30, -33, -38, -39, -42;
A6519, -25, -28, -33, -38, -39, -42, -46, -48; A8532, -34, -70; and T2994,
-95, -97. Models with the series of numbers beginning with A65 and T29
are remote-control sets; those beginning with A85 are console-combinations.
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TV-FM
Lead-in:
What Kind to Use?

By THOMAS R. HASKETT

How to select the right kind of lead-
in for your antenna. A complete
rundown of all the various types now

available, their performance, and cost.

fine. But in most locations, you need an outside an-

tenna to get a clean TV picture or good FM sound.
To use an outdoor antenna, you need lead-in wire, to
carry the r.f. signal from the antenna to the receiver.
But you cannot simply connect any type of wire be-
tween the antenna and receiver. You have to use the
right kind, and there are several types on the market.
Here’s how to select the right one for your installation.

I N some localities, an indoor TV or FM antenna works

Lead-in Requirements

To do the job properly, lead-in wire must meet cer-
tain requirements.

1. The lead-in must match the impedance of the an-
tenna, and that of the receiver’s antenna-input circuit.
Most TV and FM receiving antennas are 300-ohmn types,
and most TV and FM receivers similarly have 300-ohin
inputs. You can get either 300- or 75-ohm lead-in, and
you can get transformers to match 300 ohms to 75,
and vice versa.

2. The lead-in should attenuate the r.f. signal as little
as possible (or cause as little signal loss as possible),
because if the signal is too weak when it reaches the
receiver, you'll get a snowy picture or a noisy F\ signal.
If you live in a high-signal area near the broadcast
stations, this may be no problem. But if you live in a
near-fringe or fringe area, you may need lead-in with
the lowest possible loss. And color-TV and sterco-F'M
are even more sensitive to signal attenuation.

3. The lead-in should not add anything to the signal
it gets from the antenna, that is, the lead-in itself should
not pick up any direct r.f. signal, whether from TV or
FM stations, or other radio signals, or noisc (ignition
or otherwise ). If the lead-in does pick up other signals,
such signals cause interference in the TV picture or FM
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sound. Of course, no lead-in is perfect, and all pick up
some spurious signals. But some pick up less than others.
If vou live in a sparsely settled area you won’t have to
worry much about unwanted lead-in pickup, for there
won’t be much r.f. around. But if you live in an urban
area, spurious r.f. and noise may be heavy in your
neighborhood. Even if spurious r.f. and noise arc no
problem, direct pick up of the TV signal by the lead-in
causes ghosting to the picture or multipath distortion
with FM.

4. The lead-in should be durable, since it’s outside
the house and exposed to wind, snow, ice, sun, rain, soot,
and salt. All of these elements deteriorate the plastic
insulation or jacket of the lead-in eventually; some go
bad sooner than others. Also, with some lead-in types,
rain, snow, and ice make the TV picture or FM sound
worse. Obviously, long life is a desirable lead-in charac-
teristic, as vou have to replace the lead-in less often,
and it costs you less in the long run.

5. The lead-in should be casy to install. A lead-in
which is sensitive to nearhy metal objects (6” or closer)
is more difficult to install than one which is not, because
most houses have such metal objects as rain gutters and
downspouts on the eaves and corners, and you have to
avoid them when running the lead-in. The same con-
sideration applies to lead-in types which are sensitive
to ncarby a.c. lines. With some lead-in types, also, the
usc of metal-ring stand-off insulators can be detrimental
to signals; you have to use nonmetallic stand-offs.

6. The lead-in should be reasonably priced. You can
buy very good lead-in which will do quite well in mect-
ing all the preceding requirements. But it may cost
several times what more common types do.

Stereo-FM, Color-TV, and U.h.f.

All lead-in types attenuate the signal somewhat. This
attenuation increases as the length of the lead-in does,
and it also increases with the signal Irequency.

Since the noise level is generally constant at the re-
ceiver r.f. input, the greater the signal losses in the lead-
in, the noisier the signal, or the snowier the picture.

For good sterco-FM, you need a fairly clean r.f. sig-
nal, for noise degrades sterco separation by interfering
with the relatively weak 19-kHz pilot and the stereo-AM
sidebands around 38-kHz. Similarly, for good color-TV
you also need a lairly clean signal, for noise easily de-
grades the 3.58-Mlz color subcarrier and the color dif-
ference signals. In both stereo-FM and color-TV, the
additional information is multiplexed on the main car-
rier at a lower level than main-channel information,
making it more susceptible to interference. Also, stereo-
N and color-TV receiver bandwidths are usually
greater than those of mono-FM and black-and-white
TV. The greater the bandwidth of any system, the more
susceptible to noise that system is.

In the days of only mono-FM and black-und-white
TV, considerable lead-in loss was tolerated. Ghosts and
noise weren’t so noticeable. Today, unless vou don't
plan to enjoyv sterco or color, you should install lead-in
capable of handling both.

U.hf-TV signals also make stringent demands on
lead-in. V.h.f.-TV signals range from 54 to 216 MHz,
while the u.h.f. band runs from 570 to 890 MHz. Since
lead-in losses increase with frequency, this means that
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some types will work satisfactorily at v.h.f, but not at
u.h.f.

Nearly every part of the country has at least one u.h.f.
station on the air, and more are coming on every month.
By federal law, all new TV receivers sold in interstate
commerce must be capable of receiving both v.h.f. and
uw.h.f. Therefore, any new antenna and lead-in installa-
tion should be all-channel.

Basic Lead-in Types

The most common tvpe of TV-FM lead-in for many
years has been ordinary flat twin-lead, as shown in Fig.
1A, It has a characteristic impedance of 300 ohms, to
match the impedances of most antennas and receivers.
It is balanced to ground (that is, neither side is
grounded ) and unshielded.

Less popular until recently is coaxial cable (Fig. 1B).
Its impedance is in the range of 72-75 ohms. Since few
antennas and receivers can match this impedance, trans-
formers are usually required at both ends of the cable,
to match the 300-chm terminals. Coax is unbalanced
(the outside conductor is grounded) and shielded.
(Since the matching transformer used with coax con-
verts a balanced line to unbalanced, it’s often called a
balun.)

More recently, a lead-in has been developed which
combines the best feature of both twin-lead and coax.
Called shielded twin-lead (Fig. 1C), it has 300-ohm
impedance, is balanced to ground, and is also shielded.

As Fig. 3 shows, there are differences between coax
and the two types of twin-lead in the distribution of the
clectromagnetic and electrostatic lines of force which
surround the conductors. These lines are produced by
the current and voltage of the signal moving through
the lead-in, and if the lines are disturbed, the signal
may be impaired.

In ordinary twin-lead (Fig. 3A), many of the lines of
force extend away from the conductors, which is why
you cannot run twin-lead near metal objects. Coax over-
comes this difficulty (Fig. 3B), us most of the lines are
concentrated within the shield. The same is true of
shielded twin-lead (Fig. 3C).

But there is a significant difference between coax and
shielded twin-lead, regarding construction and perfor-
mance. There are only fwo conductors in coax. In most
types the outer conductor is a woven metallic braid; in
others, it is a solid sheet of metal foil. The foil is slightly
more clfective as a shicld. But since there are only two
conductors, the shicld carries current, which means that
any interference is present in the signal cirenit.
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Fig. 1. Common types of lead-in include (A) flat twin-
lead, (B) coaxial cable, and (C) shielded twin-lead cable.
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Fig. 2. Cross-sections of various types of lead-in.

In shiclded twin-lead, on the other hand, there are
three conductors. The two inner conductors carry the
signal and nothing more. The outer shield carries only
interference. To install shielded twin-lead properly, you
should tie the shield and drain wire to chassis or ground
at the receiver only, and let it float at the antenna. Any
interference picked up by the shield is thereby drained
to ground at one end only, and doesn’t get into the
signal circuit.

Shielded twin-lead, then, is somewhat more immune
to noise and spurious r.f. pickup than ordinary coax.
This feature can be useful in high-noise locations.

Comparison of Lead-in Types
A number of different types of lead-in are available
today. I'ig. 2 shows cross-sections of these tvpes.

Fig. 3. Magnetic fields (electromagnetic lines of force) and electric fields (electro-
static lines of force) of (A) flat twin-lead, (B) coax cable, and (C) shielded twin-lead.
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Flat twin-lead (A) has been the most common type
for many years because it’s inexpensive. The conductors
are surrounded by a polyethylene plastic insulator,
which is available in either of two colors. Clear or white
twin-lead is usable only indoors, where it blends with
wall baseboards. It can’t be used outdoors for the ultra-
violet in sunlight rapidly deteriorates the poly. Brown
twin-lead lasts longer outdoors, as the color keeps the
ultraviolet light out. In twin-foam twin-lead (B), a core
of foam poly surrounds ezch conductor. Foam poly is
simply a mixture of polyethylene and air bubbles. Since
air has lower dielectric losses than poly, foam twin-lead
has less loss than solid poly.

Oval twin-lead (C) was designed to keep contaminat-
ing moisture, soot, etc.,, farther from the lines of
force surrounding the conductors. Open-wire line (D)
has insulating spacers which maintain the conductors
at the proper distance and keep the line impedance con-
stant. Since the dielectric is chiefly air (except for the
spacers ), open-wire line has the lowest losses of all —
at least when the insulators are clean and dry.

Hollow tubular twin-lead (E) is also designed to keep
contaminating deposits away from the area between the
conductors. The plastic insulator is formed in a tube,
and since the core is hollow, the dielectric is mainly air.
Unfortunately the hollow tube gathers moisture, which
increases losses. In an effort to overcome this disadvan-

tage, foam-core tubular twin-lead (F) was developed.
The foam core gathers very little moisture.

Heavy-duty twin-lead (G), which is also called “jack-
eted” or “encapsulated” is surrounded by a tough, plas-
tic, insulating jacket which resists the effects of weather
and soot. Shielded twin-lead (H), as previously de-
scribed, contains two conductors with insulation be-
tween, covered with a metal shield, and covered over-all
with a tough, weather-resistant jacket.

Solid-core coax, at (1), as its name implics, has solid
poly between the center conductor and the outer con-
ductor (shield). Two types — RG-59,/U and RG-6,/U —
are suitable for home installations; RG-6/U is slightly
larger and has less loss. Foam-core coax (J) has an
air-bubble-filled core which reduces losses. Most coax
is covered with a weather-resistant, polvvinyl-chloride
jacket,

Comparison by Signal Losses

Table 1 compares the various lead-in types by signal
losses, at three frequencies. 100 MHz is roughly the
middle of the FM and the v.h.f. TV bands; 500 MHz is
near the bottom, and 900 MHz near the top, of the u.h.f.
TV band.

As mentioned before, open-wire lead-in has the low-
est loss of any lead-in, roughly 1/7th of the lossiest type
at 100 MHz, if it can be properly installed. Exact figures
were not available at 500 and 900

Signal losses in dB per 100 feet at: MHz for open-wire, but average
Type of Lead-in losses are around 2 dB for w.h.f. But
100 MHz 500 MHz 900 MHz open-wire lead-in is seldom used for
TV or FM reception. It is difficult to
Unshielded 300-ohm twin-lead install, not the least expensive, and
Open-wire 0.5 . _ highly suscept'lb'le to noise pick-up, as
well as losses if installed close to loss-

Oval 0.9 2.6 3.9 . . . ) .
inducing objects. It won’t withstand
Foam-core tubular 1.1 3.0 4.3 weather conditions: you get a nice
Flat 1.1 3.0 4.5 picture on a clear, dry day, but you
Twin-foam 1.1 3.5 4.5 may lose the signal when it rains or
Heavy-duty 1.2 35 5.1 snows. Years ago, if the receiver were
Shielded a great dis'tance from the antenna,
300-0hm twin-lead - 5.4 _— open-wire line was the qnly solution;
any other type of lead-in would at-
75-ohm foam coax 27 64 8.0 tenuate the signal too much. Today,
75-ohm RG-6/U coax 2.7 6.4 8.4 you can use a preamplifier and con-

75-ohm RG-59/U coax 38 8.5 12.0 ventional twin-lead or coax.

Table 1. Lead-in comparison by signal loss at the Losses for the' cher unshlelded
various frequencies indicated, under ideal conditions. types are very similar. Unshielded-
line losses increase roughly three
Table 2. Lead-in comparison by signal loss for a typical times at 500 MHz, and five times at
home installation. Naturally, these figures are only very ap- 900 MHz. (Hollow tubular twin-lead
proximate and vary widely depending on the installation. isn’t shown because it has been super-

- - - seded by foam tubular type.)
Type of Leadin Signal losses in dB at: Note that shielded lead-in losses
100 MHz 500 MHz 900 MHz are generally two to three times those
of unshielded. But losses of shielded
Shielded 300-ohm twin-lead 3 6 8 types don’t increase as rapidly with
Heavy-duty 300-ohm twin-lead 5 8 9.5 frequency as those of the unshielded
Foam or RG-6/U coax, types. RG-59/U is the worst offender.
with two transformers 5 8.5 10 With losses of 12 dB at 900 MHz, it
RG-59/U coax, with two is the least desirable in all-channel

transformers 4 11 16 installations.

FO?&'}HC_?J: dtubular300-ohm 10.5 16 20 Butdth.c ﬁdgubres given in 'I}‘lable 1
. 3 were derive measuring the var-
L 300-ohm twin-ISRd 25 >35 st ious lead-in tyges under lgaboratory
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conditions, when the cables were dry and ciean and re-
moved from nearby objects. What happens to the vari-
ous types at a typical home installation? The lead-in is
run through siand-oif insulators, perhaps routed through
walls and near metal gutters or a.c. lines, and exposed
to rain, snow, soot, and possibly sait spray. Inside the
house, the lead-in may even be attached to walls with
metal staples. All these factors cause greater losses in
some types of lead-in than in others.

Table 2 compares the various types by losses in a
typical installation. Shielded 300-ohm twin-lead has the
least loss, followed by 300-ohm heavy-duty twin-lead.
Foam-core coax isn’t bad. All three are usable at u.h.f.
Ordinary RG-59/U 75-ohm coax works fairly well at 100
MHz, poorly at 500 MHz, and badly at 900 MHz. Foam-
core tubular and flat 300-ohm twin-lead don’t work as
well at any frequency in this particular case, although
foam-core tubular is better than regular flat twin-lead.
Naturally, these figures will vary widely, depending on
the kind of installation.

Coax suffers from an additional disadvantage in the
typical installation. Very few antennas and receivers
will work directly with 75-ohm coax. Thus you must use
matching transformers, which add 2 or 3 dB of loss to
the over-all cable figure. Table 2 coax-loss figures in-
clude approximately 2 dB of balun loss.

Noise Immunity and Durability

An unshielded line is more susceptible to interference
pickup than a shielded one. Thus most coax pick up
less interference than most twin-lead. But twin-lead is
balanced to ground, avoiding hum pickup more than
coax, which is unbalanced to ground. This disadvantage
partially offsets the noise immunity of coax. Shielded
twin-lead is both balanced to ground and shielded.

Some flat twin-lead isn’t very durable, because the
insulation’ deteriorates from the effects of the weather.
When this happens, the insulation may fall apart, chang-
ing conductor spacing and linc impedance. Standing
waves are produced, causing ghosts on TV and loss of
separation in stereo-FM. Oval and tubular twin-lead are
a bit more immune than flat to such deterioration. The
most immune types are heavy-duty and shielded twin-
lead, and most coax. They are encapsulated in a mate-
rial very impervious to weather and contamination.

Ease of Installation

To run ordinary flat twin-lead from antenna to re-
ceiver you have to use stand-off insulators every 5 feet
or so, and pull the line taut. Flat twin-lead whips easily
in the wind and this flexing may break the conductors,
requiring you to replace the line. It is also a good idea
to twist the twin-lead in order to minimize noise and
signal pickup.

If you use an ordinary metal-ring stand-off, you bring
metal near the twin-lead, possibly causing ghosts. It’s
better to use all-poly-head types, which don’t surround
the line with metal. Also, you must run twin-lead care-
fully to avoid gutters and rain downspouts, for the same
reason. You must likewise be careful when running flat
twin-lead through the house wall so that it is not too
close to pipes and electrical wiring.

Oval and tubular twin-lead aren’t much better than
flat in this respect.

All shielded lead-in types are inherently easy to in-
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Type of Lead-in Agg:olxéopl;itce
Unshielded 300-ohm twin-lead
Flat $1.70
Hoilow tubular 2.50
Heavy-duty 2.63
Open-wire 3.27
Twin-foam 3.68
Foam-core tubular 4.65
Oval 5.35
Shielded
75-ohm RG-59/U coax 5.58
75-ohm foam coax 6.07
300-ohm twin-lead 10.15
75-ohm RG-6/U coax 16.80

Table 3. Comparison of various lead-ins by price. The
price varies somewhat depending on quality and source.

stall, simply because you can run them nearly anywhere
with no deleterious effects. The shield prevents nearby
metal objects from disturbing line impedance, and mini-
mizes noise pickup. You can use any type of stand-off to
hold the line, and you can even tape it to the antenna
mast, or run it inside pipe or conduit, which you should
not do with most twin-lead. You must not deform
shielded line — or any other type, for that matter. When
you deform the line you change conductor spacing and
you may reduce signals and create ghosts.

Comparison by Price

After comparing various lead-in types on the basis of
how well they perform, there remains the matter of
price. There isn’t much point in paying more than you
have to, for your particular installation.

Table 3 compares the various lead-in types by price.
The least expensive is flat twin-lead. Since most of the
other types perform better, they cost more. Shielded
types generally cost more than unshiclded. RG-6, U, the
most expensive, costs nearly 10 times as much as flat
twin-lead.

Just as you cannot buy lead-in solely for its loss figure,
or for its noise immunity, you cannot simply buy for
price. You should consider all the previous criteria be-
fore making a choice. Even with flat twin-lead there
are various qualities of insulation, several conductor
sizes and several conductor types (copper or copper-
coated steel, for high strength) to choose from.

Over-all Lead-in Comparison

Table 4 shows an over-all comparison of six lead-in
types, assuming a 100-foot run from antenna to receiver,
some snow or rain, soot or other contamination, and a
few metal objects and wiring near the lead-in.

Shielded twin-lead is preferred in all installations.
Its only drawback is price, which is moderate compared
to the least and most expensive shown in the table.
Shielded twin-lead has the lowest loss at wh.f. under
poor outdoor conditions, has excellent noise immunity,
durability, and contamination immunity. It is also easy
to install.

Foam coax is also good. The cost figure shown in
Table 4 is a bit higher than for shielded twin-lead
because it includes the cost of two baluns.
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dB Durability, Approx.
Type of Lead-in Losses Noise Contamination Total
@ 900 MHz Immunity Immunity Cost
Shielded twin-tead 8.0 Excellent Excellent $10.15
Foam coax 8.5 Good Excellent 12.25%
RG-6/U coax 10.0 Good Excellent 22.98*
Heavy-duty twin-lead 9.5 Poor Excellent 2.63
RG-59/U coax 16.0 Good Excellent 11.76*
Foam tubular twin-lead | 20.0 Poor Good 4.65
*Includes cost of two matching transformers, average total price $6.18

Table 4. Over-all comparison for 100-ft typical installation.

RG-6/U has only fair performance and is more than
twice as expensive as shiclded twin-lead. Thus it doesn’t
seem very desirable for a home installation.

Heavy-duty twin-lead is very inexpensive and durable,
with excellent contamination immunity and moderate
losses at u.h.f. in a typical installation. But it has poor
noise immunity. If station signals are strong and inter-
ference and noise minimal at your location, heavy-duty
twin-lead is probably a verv good bet.

RG-59 /U coax costs about the same as shielded twin-
lead and performs as well, except it has less noise im-
munity and greater losses at u.h.f.

Similarly, foam tubular twin-lead has higher uh.f.
loss and is also susceptible to noise pickup.

Table 4 doesn’t show the other lead-in types previ-
ously discussed, because they do not usually perform
quite as well in a stereo-FM, color-TV, all-channel
installation. Oval, twin-foam, hollow-tubular, and flat
twin-lead usually have higher u.h.f. losses in a typical
installation, and are susceptible to interference pickup.

Although price is a factor in lead-in choice, don't
forget one thing: The user has already invested $300 to

$600 or more in a color-TV receiver, perhaps $30 to
$60 in an antenna, and additional dollars for stereo-FM.
Saving only a few dollars on lead-in cost may not be
wise, for then the lead-in may be the weakest link in
your equipment chain.

Antenna Preamps and Multi-set Couplers

In a fringe area, a high-gain antenna often picks up
enough signal to provide a good picture or FM sound.
But if the antenna is up on a tower, the downlead run
may be long enough to negate the antenna advantage
through line loss. And if you have noise and /or weather
problems, the only solution is a mast-mounted pream-
plifier driving shielded line.

The preamplifier (or booster) is even more uscful if
you have more than one TV or F\ receciver driven by
the antenna, because to drive several sets you must
connect them through multi-set couplers which intro-
duce additional signal losses. In this case, an amplified
booster may be located at the point where the lead-in
enters the house and individual lead-in runs made to the
separate receivers. L

A listing of some representative lead-in types along with their manufacturers and catalogue designations.

Unshielded, 300-ohm, flat twin-lead
Alpha 5150

Amphenol 214-056

Belden 8225

Columbia 1010

Lafayette 3278912

Winegard 8200

Unshielded, 300-ohm, twin-foam twin-lead
Allied 11C1657

Columbia 5790 Durafoam

Lafayette 3273604

Unshielded, 300-ohm, oval twin-lead
Belden 8235

Unshielded, 300-ohm, hollow-core tubular twin-lead
Columbia 1555
Lafayette 3273608

Unshielded, 300-ohm, foam-core tubular twin-lead
Belden 3275 Celluline

Unshielded, 300-ohm, heavy-duty twin-iead
Alpha 5153

Amphenol 214-103

Belden 8230 Weldohm

Belden 8285 Permohm

Columbia 5050 Permaline

Lafayette 32T3605

Unshieided, 300-0hm, open-wire lead-in
Allied 11C1473
Lafayette 3273610

Shielded, 72-75-0hm coax, RG-59/U
Alpha 9810

Amphenol 21-025

Belden 8241

Columbia 5750

Dearborn 59/U

Lafayette 32T1715

Shielded, 72-75-ohm foam coax, RG-59/U
Alpha 9820

Amphenol 621-186

Belden -8228 Duofoitl

Columbia 1112

Dearborn 59/U

Finco CX-283-100

Jerrold Coloraxial

Lafayette 3273134

Winegard 2700

Shielded, 72-75-ohm foam coax, RG-6/U
Alpha 9006A

Amphenol 21-330

Belden 8215

Winegard 2800

Shielded, 300-ohm twin-lead
Belden 8290
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Replacement quality
you can depend on...

Zenith engineered
and produced
Color Picture Tubes!

Zenith’s aluminization process
Europium activated rare earth adds to color brightness. Cinelens® picture glass
phosphor for redder reds, /' transmits more light. And
brighter greens, more its dust-tight seal ends the
brilliant blues. need to clean interior
glass surfaces.

Tube funnel assembly.

Zenith precision 3-gun
assembly.

3-point mounting system for perfect alignment
of face plate, frame and shadow mask.
Prevents shifting of color after tube waim-up.

Every Zepith re_*placement 'picture tube is madge with the same care apd Ziecr:ijtheeli&gv replafnerggnt
engineering skill that go into the color TV picturz tubes which Zenith Dty from now parts and
produces as original equipment. materials except for the
Zenith’s uncompromising quality standards—which include tube glass envelope which,
testing at elevated line valtages for long periods—assure your customers prior 10 rouse. Js Inspected
of tubes with greater dependability and longer life. high standard as a new
Be sure. Order genuine Zenith p:icture tubes— for color or B&W ;i“c"ti'r‘;"fdbi*s’“,::y":;?&am
TV—from your Zenith Distributor. used material which, prior

to reuse, is carefully

EXCITING SURPRISES FOR YOU—and Your Family! Fun for alll  |1°b°Cio0 "o es: Zonis
Get the details at your Zenith Distributor’s Parts Department,

Why not sell the best

®

The quality goes in before the name goes on
CIRCLE NO. 20 ON READER SERVICE PAGE




TV Channel Assignments

1 . .

Channe! Frequency /2 Wav;a Picture Color Sound

No Range (MHz) length Carrier (MHz) Subcarrier Carrier

- & (inches) (MHz) (MHz)

V. H.F. LOW-BAND CHANNELS
2 54-60 103.8 ' 55.25 58.83 59.75
3 60-66 93.8 61.25 64.83 65.75
4 66-72 85.7 | 67.25 70.83 71.75
5 76-82 74.8 77.25 80.83 81.75
6 82-88 69.5 83.25 86.83 87.75
M 88-108 60.3 — - -
V. H. F. HIGH-BAND CHANNELS
7 ' 174-180 33.4 175.25 178.83 179.75
8 180-186 323 181.25 184.83 185.75
9 186-192 31.3 187.25 190.83 191.75
10 192-198 30.3 193.25 196.83 197.75
11 198-204 29.4 199.25 202.83 203.75
12 204-210 28.5 205.25 208.83 209.75
13 210-216 27.7 211.25 214,83 21575
U. H. F. CHANNELS

14 470-476 i 12.5 : 471.25 474.83 475.75
15 476-482 12.4 477.25 480.83 481.75
16 482-488 | 12.2 483.25 486.83 487.75
17 488-494 12.0 489.25 492.83 493.75
18 494-500 11.9 495.25 498.83 499.75
19 500-506 11.8 501.25 504.83 505.75
20 506-512 11.6 507.25 510.83 511.75
21 512-518 11.5 513.25 516.83 517.75
22 518-524 1.3 519.25 522.83 523.75
23 524-530 | 11.2 525.25 528.83 529.75
24 530-536 11.1 531.25 534.83 535.75
25 536-542 11.0 537.25 540.83 541.75
26 542-548 10.8 543.25 546.83 547.75
27 548-554 10.7 549.25 552.83 553.75
28 554-560 10.6 555.25 558.83 559.75
29 560-566 10.5 561.25 564.83 565.75
30 566-572 10.4 567.25 570.83 571.75
31 572-578 10.3 573.25 576.83 577.75
32 578-584 10.2 579.25 582.83 583.75
33 584-590 10.1 585.25 588.83 589.75
34 590-596 10.0 591.25 594.83 595.75
35 596-602 9.9 597.25 600.83 601.75
36 602-608 9.8 603.25 606.83 607.75
37 608-614 9.7 609.25 612.83 61375
38 614-620 9.6 615.25 618.83 619.75
39 620-626 9.5 621.25 624.83 625.75
40 626-632 9.4 627.25 630.83 631.75
41 632-638 9.3 633.25 636.83 637.75
42 638-644 | 9.2 639.25 §42.83 64375
43 644-650 9.2 645.25 £48.83 649.75
44 650-656 9.1 651.25 654.83 655.75
45 656-662 9.0 657.25 £660.83 661.75
46 ‘ £62-668 | 8.9 663.25 666.83 667.75
47 668-674 8.8 669.25 672.83 673.75
48 674-680 8.7 67525 678.83 679.75
49 680-686 8.7 681.25 684.83 685.75
50 £86-692 8.6 £687.25 690.83 691.75
51 £92-698 8.5 693.25 696.83 697.75
52 698-704 8.4 699.25 702.83 703.75
53 704-710 8.4 705.25 708.83 709.75
54 710-716 8.3 711.25 714.83 715.75
55 716-722 8.2 717.25 720.83 721.75
56 722-728 8.1 723.25 726.83 727.75
57 728-734 8.0 729.25 732.83 733.75
58 734-740 8.0 735.25 738.83 739.75
59 740-746 7.9 74125 744.83 745.75
60 746-752 7.8 747.25 750.83 751.75
61 752-758 7.8 753.25 756.83 757.75
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V.h.f. and u.h.f. TV channel assignments, including
video, audio, and the color-subcarrier frequencies.

1 .

Channel Frequency /2 Wav::a Picture Color Sound

No Range (MHz) length* Carrier (MHz) Subcarrier Carrier

: (inches) (MHz) (MHz)
62 758-764 77 759.25 762.83 763.75
63 764-770 7.7 765.25 768.83 769.75
64 770-776 7.6 771.25 774.83 775.75
65 776-782 7.5 777.25 780.83 781.75
66 782-788 7.5 783.25 786.83 787.75
67 788-794 7.4 789.25 792.83 793.75
68 794-800 7.4 795.25 798.83 799.75
69 800-806 7.3 801.25 804.83 805.75
70 806-812 7.3 807.25 810.83 811.75

U. H. F. TRANSLATOR CHANNELS

71 812-818 72 813.25 816.83 817.75
72 818-824 72 819.25 822.83 823.75
73 824-830 7.1 825.25 828.83 829.75
74 830-836 7.0 831.25 834.83 835.75
75 836-842 7.0 837.25 840.83 841.75
76 842-848 6.9 843.25 846.83 847.75
77 848-854 6.9 849.25 852.83 853.75
78 854-860 6.8 855.25 858.83 859.75
79 860-866 6.8 861.25 864.83 865.75
80 866-872 6.8 867.25 870.83 871.75
81 872-878 6.7 873.25 876.83 877.75
82 878-884 6.7 879.25 882.83 883.75
83 884-890 6.7 885.25 888.83 889.75

*Free-space half wavelength. For antenna length. use 95¢ of these values; for twinlead use 82 % : for coax use 66 ‘.

Brand new and
designed
especiaily for you

Now, the world's finest solder is avail-
able in new convenient packaging
designed to meet the needs of TV and
radio servicemen and hobbyists.

Ersin Multicore 5-core solder is
made only from pure virgin metals with
5 cores of exclusive extra-active,
non-corrosive Ersin flux. This unique
core structuring keeps the flux nearer
the heat source to melt faster and wet
the metal' more effectively. You will
make consistently reliable joints with
Multicore Solder.

This newly designed packaging is
ideal for tool kit, tube caddy and your
pocket. 60/40, 19 S.W.G. 40 ft.,
enough to cover six months’ use for
most servicemen. $1.00 per reel

5-CORE
SOLDER

ERSIN FLUX

WORLD'S FINEST SOLDER

Multicore Sales Corp., Westbury, N.Y. 11590

Made in England
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High-“Q”

Inductive

Electronic
Ignition System

By HERBERT |. KEROES

President

Quaker City Transformer Co.

Maintaining good performance at high engine

speeds, this highly efficient transistor system

uses a special storage choke coil and pulse

transformer to generate high spark-plug voltage

Circuit is built into
a 6 by 4 by 2-in chas-
sis box. Smaller heat
sink (above) has the
driver transistor
mounted on it, while
larger heat sink (top
center) has main
switching transistor,
zener diode, and out-
put coupling diode.
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rom the time of their inception transistor ignition sys-

tems have changed but little in form or design. It has

become standard practice to use either a single or pair
of switching transistors to make or break the current in
an ignition coil. The coil is usually of conventional
design but modified with an increased turns ratio. The
idea is to increase the amount of coil current, reduce
its inductance, and thus obtain a smaller time constant
that is more favorable for rapid buildup in the primary.
From a performance standpoint, some improvement is
effected in obtaining a hotter spark at high engine
speeds, but the relatively slow acceptance of the system
by the public and even by automotive enthusiasts indi-
cates that the amount of improvement in performance
is not great. (Not to be overlooked with transistor igni-
tion systems is reduced maintenance and increased life
for the breaker points which carry much less current.—
Editor)

Electronic ignition diehards remain convinced, and
for good reason, that a great deal of improvement is
possible with a good ignition system. Early in the
development of the present system the author, an engi-
neer, did not believe that performance could be greatly
improved over that of a conventional system in good
repair. This assumption has since been thoroughly dis-
proved, since performance with the system to be
described has been startlingly better in areas that will
be discussed later.

Clearly, what is required is a system that will take
care of engine requirements in a more sophisticated
way than the simple switched-coil method. The concept
behind the development of the present system was that
an ignition system is actually a type of high-voltage
pulse generator, hence an improved system should
result if developed along these lines. By using pulse
methods a great improvement in efficiency is possible,
and the power recovered from the portion normally
lost can be put into the spark discharge.

The objective of any ignition system is to put the
right amount of spark power in the right place at the
right time. The last two requirements depend on proper
engine timing, good wiring, and reasonably good plugs.
Plugs may be fouled or poorly gapped, but a good spark
gencrator will soon bum away dirt and oil, and will
provide sufficient voltage to jump a worn gap.

At this point it is rcasonable to inquire how much
voltage and spark power the ignition system should
provide. The voltage is about 20 kV with little spark
advance. At high speeds the advance may be as much
as 40 degrees before dead center, and less voltage will
be needed. With regard to power, one authority states
that as little as 0.002 joule (watt-second) of energy is
needed to start combustion. It is reasonable to multiply
this figure by a factor of 10 to account for losses due to
leakage across fouled plugs and loading due to wiring
capacitance. The actual spark power developed by the
system described is 0.05 joule as measured across a one-
megohm load.

Further considerations regarding ignition require-
ments, and taking into account factors of spark advance,
fouled plugs, and ignition capacitance, leads to the
following set of desirable objectives. These figures are
representative of a typical high-compression eight-
cylinder automobile engine.
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1. Voltage in excess of 22 kV across a 350-pF load
below 2000 r/min.

2. Voltage in excess of 17 kV across 1 megohm and
50 pF at 2000 r/min.

3. Voltage in excess of 15 kV across 1 megohm and
50 pF at 5000 r/min.

4. An open-circuit voltage not exceeding 30 kV to
prevent insulation breakdown.

These requirements are similar to those cutlined by
others and form a reasonable estimate of what an
ignition system should provide. They are not easily met
and among the systems tested by the author, other than
the one described, all have failed to meet the third
requirement and many the second.

To these requirements the author wishes to add
another factor that seems desirable. The arc period
should be sufficiently long to assure complete ignition
of the explosive charge in the cylinder. This is another
way of saying that the spark should be “hot” and have
high energy content.

Description of System

This system differs in many ways from others previ-
ously covered in the literature. It may best be under-
stood by referring to the block diagram of Fig. 1. Ignor-
ing for the moment the drive circuit, the energy that
ultimately goes into the spark is first stored in a choke
coil that is supplied by current from a transistor switch.
When the transistor switch is shut off, the inductive
energy of the choke is transferred to the primary of a
pulse transformer that steps up the voltage to ignition
potential.

The combination of storage choke and pulse trans-
former constitutes an efficient form of pulse generator,
in fact far more efficient than the conventional induc-
tion-type ignition coil. These coils are made with essen-
tially an open magnetic circuit which is neither an
efficient energy-storage device nor a good pulse trans-
former. Separating the functions permits the use of
closed magnetic circuits for an optimum design.

The use of a separate pulse transformer provides
another improvement. The discharge of an induction
coil is oscillatory and takes considerable time to damp
out. Ignition may occur in the first few oscillations; the
balance of the discharge then represents wasted cenergy.
In contrast, the discharge of this system is of typical
pulse form and mainly rectangular in shape. Energy is
thus concentrated during the firing interval.

The balance of the system consists of a drive circuit
and a programming circuit that controls the transistor
switch. The action of the circuit is as follows. When the
ignition points open, a positive voltage is delivered to
the input trigger circuit. The trigger, in turn, delivers
a negative pulse to the input of a monostable multivi-
brator which develops a rectangular output pulse of
short duration. This pulse is directly applied to the
main transistor switch turning it “off.” The choke and
pulse transformer then “fire.”

It will be noted that in the absence of the firing pulse
delivered by the multivibrator the transistor switch is
always “on.” Therefore, the choke is always energized
except for the firing interval. This has the advantage of
providing more time to achieve a maximum buildup
of current in the choke. By contrast, other systems
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Fig. 1. Block diagram of inductive electronic ignition system.

switch the ignition coil “on” and “off” in unison with the
points. The points are usually closed only about 60%
of the time, and much less than that at high speeds due
to inertia and contact bounce. Because of the effects of
the time constant of the ignition coil, maximum current
is severely limited.

This allowance of additional time is of importance
only at high speeds where the firing interval, cylinder
to cylinder, is of the same order of magnitude as the
time constant of the choke. At low or moderate spceds
it is relatively unimportant, hence a programming cir-
cuit has been added that defeats the multivibrator
drive in this speed range. In the absence of a positive
voltage delivered by the pulse-integrating circuit, the
trigger circuit also provides a negative replica of the
positive waveform generated by the points. This signal
is transmitted through a gate and energizes the drive
circuit through an “or” transistor. The driver then
operates in unison with the points. With an increase
of speed, the pulse integrator builds up a positive signal
that at some preset speed disables the gate. The multi-
vibrator then takes over. Actually, the multivibrator is
never really shut off, so that the transition from one
mode to the other is continuous and has no affect on
ignition during the transition period.

This control feature has several advantages. At normal
driving speed the battery drain is nominal and only
slightly more than that of a conventional point and coil
system. Thus, the battery is not subjected to an exces-
sive load which might occur under adverse conditions,
such as starting in cold weather. Moreover, heating in
the critical transistor, the main switch, is much reduced,
and it does not run hot even in crawling city traffic
during hot weather. At high speeds the transistor does
not run hot because maximum current is reduced due
to the influence of the time constant of the choke and
also because of the greater cooling draft in the engine
compartment.

Practical Circuit Arrangement

The circuit of the system is shown in Fig. 2, and the
transistors and associated circuits can be readily identi-
fied with the elements in the block diagram. The trigger
is Q1, the multivibrator Q2 and @3, the latter also
being the driver. The main switching transistor is Q5,
and the pulse integrator is formed by D2 and its asso-
ciated RC filter network. The gate is Q6 and the “or”
transistor Q4.

In the base circuit of Q1 it will be noted that there is
a 0.1-uF capacitor (Cl) across resistor R1. Its purpose
is to suppress a spurious trigger signal due to point
bounce, and its effectiveness has been proven.
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R2, R3, R5, R16--1000 ohm, Y2 W res. = A A T T
R4—-560 ohm, 12 W res. SW) PRI

R6—0.5 ohm, 25 W ballast res. (Use two l-ohm 15 W
res. in parallel.)

R7—-220 ohm, 12> W res.

R8-330 ohm, 1 W res.

R9—5 ohm, 10 W res.

R10—-33,000 ohm, ¥2 W res.

R11-56 ohm, 142 W res.

R12, R13—15,000 ohm, Y2 W res.

R14--56,000 ohm, ¥2 W res.

R15—22,000 ohm, ¥2 W res.

C1, C5--0.1 uF, 100 V paper capacitor

C2—0.01 uF, 100 V paper or ceramic capacitor $4.75)

C3—1 uF, 12 V elec. capacitor

C4-20 uF, 12 V elec. capacitor

F150HP4 or equiv.)

$22.50)

C6—20 uF, 12 V elec. capacitor
C7—-0.047 uyF, 500 V ceramic capacitor
C8—250 uF, 150 V elec. capacitor (Sprague 39D-257-

C9, C10—1 uF, 50 V elec. capacitor

D1, D2—1 A, 200 p. i. v. diode (IR 10C2 or equiv.)
D3-—3 A, 200 p. i. v. diode (IR 3F20 or equiv.)
D410 W, 120 V zener diode (IN3008 or equiv.) 3773)

D5—15 A, 100 p. i. v. diode (IR 16F10 or equiv.) Note: Heat sinks may be made using Delco Type
*CH1--5 mH, 10 A choke (Quaker City Type 703-5059,

*T1—-Pulse ignition trans. (Quaker City Type 506-5060,

TI
ETO DIST. CAP.

Ql, Q2, Q4, Q6-Silicon p-n-p transistor (RCA Type
40406)

Q3--Silicon p-n-p transistor (Motorola Type MJE-105)

Q5-—8ilicon n-p-n transistor (Westinghouse Type 2N-

7270606 blanks.

*CH1 and T1 can be ordered direct from Quaker City
Transformer Co., 369 Shurs Lane, Philadelphia, Pa.
19128

Fig. 2. Complete schematic of unit. Ballast resistor R6 and high-voltage pulse transformer are externally mounted.

The main switching transistor is given somewhat
more-than-usual zener-diode protection. Zener diodes
have a certain impedance and, at the current levels in
the circuit, the Vego rating of Q5 might be exceeded.
Therefore, D3 and C8 have been added. Any voltage
surge is now absorbed by C8 and it, in turn, is effectively
clamped to the potential of the zener diode. The 0.047-
wF capacitor (C7) across Q5 is for the purpose of cor-
recting the load line, thus preventing the excursion of
voltage and current into the region of high dissipation
where secondary breakdown might occur.

The choke (CH1) is of high-“Q” construction, rated
at 5 mH, and is fed from an external ballast resistor of
0.5 ohm. This limits the collector current to 8 A maxi-
mum with Q5 continuously “on,” and also limits the
transistor dissipation to 14 watts. Therefore, no damage
can occur if the ignition key is left on when the car is
idle, other than the possibility of finding a dead battery
when yov try to start.

The choke is diode-coupled via D5 to the primary of
the pulse transformer (T1). The purpose of this ar-
rangement is to block d.c. out of the primary where its
presence would reduce the total inductive energy stor-
age around the discharge loop. A 15-A diode is used
because the instantaneous current flowing into the
primary is 10 A and under pulse conditions there is
some heating.

All transistors are p-n-p units except for the main
switching unit. This selection was made to facilitate
the use of the drive circuit shown. This has the advan-
tage of driving Q05 more readily into saturation thereby
minimizing heating.
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The layout of the system is perfectly straightforward.
The circuit is contained in a 6”7 X 4” X 2” high chassis.
Two heat sinks are mounted side by side on the top,
one about double the area of the other. The driver
transistor is mounted to the smaller heat sink. The
larger heat sink carries the main switching transistor,
the zener diode, and the output coupling diode. All
other parts of the circuit are mounted on a printed-
circuit board housed inside the chassis. The choke is
mounted at one end of the chassis and since it develops
a considerable amount of heat, its base is offset from
the chassis by spacers of low thermal conductivity. The
ballast resistor is a separate item mounted away from
the chassis.

This particular arrangement of parts makes it possible
to locate each item in the most favorable position. Place-
ment of the chassis should be studied carefully. The
ideal location is in a fairly cool spot, away from the
direct heat of the engine. An unobstructed draft from
the fan is beneficial. Usually the choice resolves itself
to a location either on the inside fender wall or on the
firewall. Another location worth considering is in back
of and to one side of the radiator. The ballast resistor
may be mounted in any convenient spot, usually next to
the old one.

The distributor point-to-coil connection is recon-
nected to the input trigger terminal of the control box.
It is advisable, but not essential, to remove the capaci-
tor from the distributor. Its presence affects perform-
ance at high speeds, and it will result in some voltage
being lost due to point bounce. The filter in the control
box normally deals with this; however, its operation is
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affected by the presence of the distributor capacitor.

The pulse transformer should be mounted close to
the distributor so that the lead from the transformer
to the distributor cap is short and direct. There is no
heating in the pulse transformer and heat can do it no
damage, so it may be mounted near the engine.

One should make certain that ignition wiring is in
good condition, and semi-rotted or oil-softened lines
should be replaced with cable of good quality. Plugs
should be properly gapped with a 0.030-in or recom-
mended gap. It is not required that they be cleaned,
since the system will do that in short order. Some main-
tain that gap spacing may be increased to 0.050 in with
beneficial results. The author’s experience does not
confirm this, and all that really seems to happen is that
the ignition voltage increases to a point which puts
undue stress on the distributor wiring.

There seems to be little information available regard-
ing test methods, apparatus, and procedure, and the
author had to more or less feel his way along and
improvise.

Testing & Bench Performance

Onc essential item of equipment is a peak-reading
electrostatic voltmeter. Although simple in principle,
it is a costly item to purchase, and the author got
around this problem by constructing and calibrating
his own. At first, measurements were made using a
variable ball-clectrode spark gap with published tables
to convert from gap spacing to voltage. It was soon
discovered that these tables are grossly inaccurate,
since they do not take into account the surface condi-
tion of the balls and the material of which they are
made. For a given voltage, the gap spacing is also
greatly affected by the incidence of ultraviolet light.
However, a simple fixed gap is a useful loading device
in testing.

The 1-megohm load resistor is constructed from nine
individual 2-watt resistors of 1 megohm each, arranged
in a series-parallel configuration. They are immersed in
a jar filled with mineral oil. The addition of an
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Fig. 3. Voltage measured on high-''Q*’ system described
compared to conventional transistor ignition system.

aquarium-type thermometer to the oil bath also permits
the load resistor to serve as a calorimeter for use in
measuring efficiency. The 50-pF load capacitor is of
Leyden-jar construction using a small pickle jar. To
reduce corona, it is also filled with oil. Capacitance is
adjusted to value with the aid of a bridge.

The input driving signal is obtained in either of two
ways. In normal testing, a variable-frequency square-
wave generator is used. A graph permits rapid conver-
sion of hertz to r/min. A distributor driven from-a
variable-speed motor is also available, and is useful in
evaluating the effects of point bounce and dwell.

Results are shown in Fig. 3 and it can be seen that the
high-voltage objectives are more than adequately met.
In fact, 18.5 kV is available at 5000 r/min under condi-
tions of combined resistive and capacitive loading.
When a spark gap is added to this, for some reason not
yet clear, there is an additional 1500 volts developed,
bringing the total to 20 kV.

The author has not run tests on all other systems avail-
able at this time; however typical results for one of the
better grade transistor ignition systems are shown in the
dashed curve of Fig. 3. This system develops a maximum
of 13,5 kV at 5000 r/min and the waveform of the dis-

DIRECTORY OF

ELECTRONIC IGNITION SYSTEMS

ANDERSON ENGINEERING
Routes 4-202-9, Epsom, New Hampshire

BAY PRODUCTS, INC.

Box 9562, Houston, Texas 77011

DELTA PRODUCTS, INC.
Box 1147, Grand Junction, Colo. 81501

DELTA INTERNATIONAL, LTD.
Box 1946, 730 Independent Ave.

Grand Junction, Colo. 81501

EXCEL ELECTRICAL PRODUCTS, INC.
Box 442, Hicksville, New York 11802

JUDSON RESEARCH & MFG. CO.

E. Hector St., Conshohocken, Pa. 19428

KNIGHT-KIT (ALLIED RADIO CO.)
100 N. Western Ave., Chicago, Ill. 60680

MOTOROLA AUTOMOTIVE PROD. DIiV.
9401 W. Grand Ave., Franklin Park, IIl. 60131

SYDMUR ELECTRONIC SPECIALTIES

1268 East 12 St., Brooklyn, N.Y. 11230

* T = transistor; C-D = capacitor-discharge

MFRS. MODEL TYPE* VOLTAGE GND. PRICE ($)
VM v () (K= ki
ANDERSON ADBA T 6, 12 19.00
15.00 (K)
ADBAP T 6, 12 + 21.00
17.00 (K)
BAY SW 100 c-D 12 29.95
DELTA Mark Ten c-D 6, 12 ==k 44.95
29.95 (K)
DELTA Tiger SST c-D 12 = 39.95
INT. LIM, 28.95 (K)
EXCEL X-L Trigger T 12 14.95
JUDSON Electronic T 6,12 49.50
Magneto
KNIGHT-KIT KG-372 c-D 6, 12 28.95 (K)
MOTOROLA cb1 12 c-D 12 56.95
SYDMUR Fyreball c-D 6, 12 =A = 84.75
Maraner c-D 6, 12 , + 79.95
54.50 (K)
Flyaway c-D 6,12 60.00
44.50 (K)
Compac c-D 6,12

34.75
24.95 (K)
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—fro the independent
tube supplier serving the
independent serviceman.

For more than 40 years, Raytheon
receiving tubes have consistently
demonstrated exceptional per-
formance and reliability.

As a result, dealers and servicemen
using Raytheon tubes experience
fewer call-backs...earn greater cus-
tomer satisfaction...and thereby
realize profits and good will that
lasts for years.

Join these satisfied users by specify-
ing "“Raytheon” each and every time.

Write for product folder and name
of nearest distributor to
Raytheon Company,

Receiving Tube Operation,

Fourth Avenue, Burlington,
Massachusetts 01803.
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charge is of the unfavorable oscilla-
tory type.

Performance in the Car

The author’s car is a 1966 Jeep
Wagoneer which has a six-cylinder
overhead-cam engine. The engine is
rated at only 135 hp, and it is any-
thing but a “hot” car. It is, however,
a pleasant car to drive at moderate
and high speeds.

Since the car weighs 4000 lbs, it is
a little sluggish at low speeds, and if
ignition is not just right it becomes
difficult to handle. It was in one of
these difficult periods when the car
was in real need of a tune-up that
the high-“Q” electronic-ignition sys-
tem was installed. Prior to installa-
tion timing appeared to be off, since
the engine knocked and balked dur-
ing acceleration. Hill climbing was
very poor, and the gears had to be
shifted frequently. It also appeared
that a carburetor adjustment was
required since the exhaust was ex-
cessively smoky. The plugs were
not removed for inspection but it is
a fair guess that they were partially
fouled and misgapped.

When the system was installed,
the first thing immediately apparent
was much better acceleration
through the gears—and with no
knock. Balkiness had disappeared,
and although it is hard to believe,
performance seemed as good or
better than when the car was new.
In addition, the smokiness of the
exhaust was greatly reduced.

The author cannot altogether
account for this vivid improvement
in performance. Engine experts
claim that knock is caused by pre-
detonation of the mixtire, and that
this is controlled by engine timing.
In this case, engine timing was un-
changed so that the knock should
still have been present. One can,
however, conjecture that under con-
ditions of pre-ignition, combustion
is not complete, and that enough of
the mixture is still available to pro-
duce power if the spark is of suffi-
cient duration. The reduction of
smoky exhaust would confirm this,
since a good portion of the smoke
consists of unburned mixture.

The most interesting test of the
system has been in the area of drag
racing. Here, engine speeds of 8500
r/min are common, not only at high
speeds, but also during periods of
acceleration and shifting of gears.

The transmission is almost always
a four-speed box. The engines con-
tain special high-rise cams and are
stiff and difficult to start. With the
very high spced of the engine and
with starting difficulties, adequate
ignition has long been a problem.
Many drag-racing enthusiasts have
tried and abandoned electronic sys-
tems and have instead favored the
use of extra-hot coils drawing a
primary current of 10 amps or better.
They are used with a special set of
dual points. Despite this brute-force
approach, plugs must be removed
and cleaned between runs.

At a recent meet the system was
installed in a V-8 Chevrolet that had,
on a previous run, turned up a top
speed of 114 mi/h. This was a stock
car with engine and exhaust system
modifications. An extra-hot coil and
dual points were used for ignition.
Direct substitution of ignition sys-
tems resulted in an increase of speed
to 116 mi/h. There was an increase
of torque during pickup that at first
caught the driver by surprise. Its
effect was to break the force of trac-
tion of the driving wheels, causing
them to spit. However, most surpris-
ing, when the plugs were removed
at the end of the run, they were
perfectly clean. It seems clear that
the increase in torque and speed
were due to complete ignition as
evidenced by the lack of unburned
residue on the plugs.

Further tests are planned of a
more precise nature, using dyna-
mometer equipment. However, the
results to date have been so encour-
aging that it is planned to market
the system shortly. It will be manu-
factured under the name “High-‘Q’”
to denote high efficiency and low
loss. L

“Dear Jiffo Electronics: Tonight, when |
first tried to use your Model 707 kit . . .’
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Closed-Box
Speaker Systems

By HUGH G. MORGAN / Acoustical Section Head
University Sound (Div. of LTV Ling Altec, Inc.)

Here are complete details on building your
own acoustic-suspension speaker system.
All the factors that go into the design are
covered along with practical information on

cabinet structure and proper proportions.

Typical commercially available closed-box speaker sys-
tem with grille removed. Unit is University “'Project M.*

Editor’s Note: Many of our readers have requested in-
formation on the construction and design of the acoustic-
suspension speaker system. This is among the most
popular enclosures for stereo use since it provides good
bass efficiency in a reasonably sized cabinet. Although
the system appears simple, there are a good many fac-
tors that must be taken into account. Qur author has
described all these factors in the following article for
those who want to take the time and effort required to
design and build their own closed-box speaker system.

HE woofer and its marriage to its enclosure have
been subject to almost as much research, conten-
tion, and misunderstanding as has marriage itself.
Several types of woofer-cnclosure marriages are currently
practiced. Each type brings forth its special advocates
who tend to fault other types. This is unfortunate, since
each type offers a sct of virtues not entirely encompassed
by any other tvpe; and further, each type embraces some
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limitation not common to others. Of the various types,
one of the most popular and most honored is the closed
box, or acoustic-suspension system, which employs an
enclosure having no openings except those into which
the speaker or speakers are mounted. The woofer is
highly compliant and the “springiness” of the air within
the enclosure helps to support or “suspend” the cone.
Virtues of the closed box are: it may be very small
in size; it never “unloads” the speaker even at very low
flcqucnmes its penultimate bass response falls off at a
slower rate than does that of other widely used tvpes;
and it can be extremely economical. However, every type
achieves its virtues at the cost of some limitation. The
limitation of the closed-box system is that it must operate
at relatively low efficiency if it is to have flat response
and good bass performance. This flat response, efficiency,
and bass extension are controlled by Q. (composite reso-
nance magnification factor), which is graphed in Fig. 1.

Why Build Your Own?

But before we go further, perhaps we should consider
a question which may be tloubhng you at this very mo-
ment: Why should you build vour own systems? After
all, vou can buy them completc and as designed by an
mpelt Undeniably, the practicing professional has ac-
cess to a lore of acoustlcdl know-how, as well as access
to an industrial spcaker design laboratory with very
sophisticated facilities for analysis and test. But the
hobbvist has access to other important factors: his own
living room, his own taste, and his own cars. Also, even
if he goes astray, the hobbyist generallv has an out—a
luxury seldom dllowed the professional, for whom, if he
makes a mistake, it’s back to the drawing board (01 back
to the farm).

To perform our speaker-enclosure marriage, we will
require the purchase of one of its partners, the woofer.
But we can get a much better fecl for the requirements
for this partner if we first lav out the requirements for
our ceremony. Step-bv-step, we must determine: (1)
speaker bass resonant frequency, fo; (2) speaker stift-
ness, Sg; (3) cabinet stiffness, S.; (4) composite resonant
frequency foo; and (5) composite resonance magnifica-
tion factor, Q.

First, then, we will find the speaker fundamental bass
resonance, f.. This is determined by the setup and
method of Fig. 2

Fig. 1. Closed-box bass response as a function of Q,. Large

values of Q, produce humped bass response, small values
produce ‘“‘tight” but rolled-off bass. Optimum is around 1.
Curves are normalized to show same high-end response.
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Fig. 2. Method of finding f,.. Woofer is suspended freely
by a cord far from walls or other reflectors. As audio gen-
erator is tuned in through its low-fequency range, a peak
in meter reading will occur at bass resonant frequency, f,..
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Fig. 3. Speaker stiffness, S, is a function of fundamental
resonance, f,,, and speaker moving mass m. Curves are
identified by numbers for typical speaker sizes and mass.

Speaker stiffness, S., is determined by reference to
Fig. 3. Howecver, in order to use the gmphs we must
find speaker moving mass m.

Having alrcady determined speaker fundamental reso-
nance fos, we attach to the cone a known weight m’ which
should be non-magnetic und may take the convenient
form of a roll of soft, stickv clay. For accurate measure-

ment of weight, use a good balance, or make one by
placing a round pencil across the center ot an ordinary
wood ruler, adjusting until the ruler balunces ex dctlv
when laid pcncll -side-down upon a smooth, level surface.
The roll of clay is placed at one end of the ruler. Nickels
and/or pennies arc placed at the other end. The amount
of clay in the roll or the size of the money pile is adjusted
for cxact balance. Nickels weigh 5 grams cach, and

Fig. 4. Cabinet stiffness, S, for all the common speaker
sizes for enclosures with internal volumes from 1-10 cu ft.

CABINET VOLUME in cu. ft

2x105 3 4 6 8 106 2 3 4 6 8 107

S¢ in dynes/cm

38

pennics are 3 grams cach. Thus the m" may be found with
sufficient accuracy, its magnitude being unimportant as
long as it is known.

The clay roll is then gently but firmly pressed onto the
cone around the dust cap. A new resonant frequency fo.
is then taken, again using the method of Fig. 2. Then the
following is computed:

m’ f022
fos2 - f022
where: m’ = added weight in grams, f,, = initial reso-
nant frequency in Hz as before, fo2 = new resonant fre-
quency in Hz, and m, == total moving mass including
radiation reactance mass.

Then, m == m, — m,,, where my, =(3.23X103) a3 =
radiation reactance mass, and ¢ — radius of effective
speaker piston in cm. (Take the width of one side of the
surround, add to distance across the top of the cone, and
divide by 2.)

Now we have speaker moving mass m and hence can
estimate speaker stiffness from the curves of Fig. 3.

When the speaker is cabincted, the cabinct-enclosed
air stiffness will add to the speaker stiffness. We now
find cabinet stiffness S, from Fig. 4.

When the speaker is mounted into its cabinet a com-
posite speaker-enclosure resonance, fo., will occur. This
is graphed in Fig. 5 for 8-inch woofers in a one-cubic-foot
box; in Fig. 6, for six different speakers in a 1.6-cubic-foot
box; and in Fig. 7 for two different 12-inch woofers in
boxes from 1 to 10 cubic feet.

Thus we see that f,. may be set at will by changing
cabinet volume, speaker moving mass, and speaker size.
This is of great significance, for f,. determines bass cut-
off; that is, f,. determines the frequency below which
bass will fall off rapidly.

Looking again at Fig. 1, we sec that, while cut-off is
defined by f.., about 40 Hz in this case, that is by no
means the whole story. The shape of response down to
cut-off is determined mainly by Q.. Since we are at the
mercy of Q,, as it determines what we are allowed to
hear, its importance cannot be overstated. It is measured
by the method of Fig. 8.

The value of Q; is determined by the characteristics of
the woofer used (resistance of voice coil, magnetic flux
density, length of voice coil) as well as the mechani-
cal and acoustic parameters of the speaker system. Since
the hobbyist cannot change the design of the woofer he
will use, the most he can do is to add mass to the speaker,
alter enclosure size, and add damping material within
the box.

Any fuzzy substance like a furry blanket, cotton, rock
“wool” Tufflex wood-fiber “wool,” or fiber glass can
absorb sound. Fig. 9 shows a section of response of an
experimental speaker: (A) with box lined with %2-inch
Tufflex, and (B) with no lining. Notice notches in re-
sponse in (B) duc to sound reflections within box. This
demonstrates absorption at the wall.

But damping material has another function—enclosure
volume expansion. With the speaker cabinet completely
filled with fuzz, the material acts as a hecat sink and
reduces the effective velocity of the sound; hence, the
speaker “sces” an acoustic volume substantially larger
than the volume measured by a ruler.

But we do not get something for nothing. The speaker
drives energy into the box. The fuzz converts some

m; =
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Fig. 5. Composite resonance as function of free-air reso-
nance and moving mass of 8-in woofer in 1-cu-ft closed box.

amount of that energy into heat. That amount never re-
turns to the speaker, never gets into the room, often
shows up as overdamping of the low end of the wooter
(energy lost), and can cause low-end distortion. Thus
indiscriminate fuzz-stufling has ruined manv a svsten.
If the woofer requires stufling of its enclosure, by all
means stuff. But try different amounts of stufling—% full
Yo full, and so on. Mcasure Q; and listen. Be sure to do
both. When the bass begins to sound constricted or over-
damped, remove some stuffing (regardless of Q.). When
the bass sounds ample and relaxed (but not sloppy),
you have it.

For closed-box operation, the wooter should have a
very soft, comphdnt surround, plef(‘ldblv a half-round
slmp(\ As you examine a w ()of( r, press in and out on the
cone, It should move at least ¥4 inch in both directions.
Nothing should make a dragging, scraping, scratching
sound. Indeed, when operated like this, the speaker
should make no sound whatever. Then f('('l the conc. It
should be fairly thick (perhaps 1/32 to 1/16 inch) and
not too hard.

Sometimes, by experimenting with a beam from a
small, bright flashlight, vou can manage to sec through
the spld(‘ and observe the frontward extension of the
voice coil. If the magnet is open in the back ex« »pt for a
cover or covers, you may be able to observe the 1earward
extension of the voice coil. If the end of the coil does not
extend out of the pole plcc( s as vou watch it and move
the cone, that speaker is not for this application. The
coil should overhang the magnctic gap by at least 3/16
inch. If you can, get the salesman to run an f,, for vou or
get this mformatlon from the manufacturer. The proper
value should be from about 15 1z to 25 1z,

If you require a lower fy. than you get initially, then
you niay try a bigger box. But take care, vou can make it
nice and big and wind up with a low f.. but with a Q. of
0.5 or less and no satisfactory bass.

Perhaps weighting the woofer will provide just the
degree of trimming you need. Add some putty to the
cone as you did bcfow until vou get the desired f,,.. Resist
the temptation to go farther down in frequency than 50
Hz. And about 20 grams added weight is 1)101)‘11)1)/ maxi-
mum, as too much added mass tends to decouple the
main body of the conce from that scction immediately
adjacent to the coil. This produces a peak in responsc at
or above the speaker high-end cut-oft. A coil of rosin-core
solder wire fitting the cone-dust-cap juncture can turnish
the added mass. Affix into place with something like
Duco cement. Let it dry overnight, and don't use epoxy
as you might went to get the weight off. Start with 10-
grams and, if vou need to, add another 10 granis.

1970 EDITION

As a picce of woodwork, a loudspcaker cabinet leads
a very rough life. Sound power is continuously attacking
it. Even if its walls are verv strong, they are flexed l)v
changes in enclosed air pressure and this absorbs much
more energy than it transmits to the outside air. Hence
wall flexure should be minimized. This can be accom-
plished by use of thick, stiff walls.

Another problem s tlmt of panel resonances—which
cun also be minimized by sturdy swall materials. Struts or
braces are advisable where pancls are wider than one
toot. Ior six- and cight-inch woofer enclosures, panel
material mav be plywood or dense particle board of Ya-
inch thickness. For larger speakers, walls should be at
least 34-inch thick.

Sniall holes and cracks should be avoided. They make
1 hissing, puffing noise which robs the bass of measur-
able power. Thercfore, good, tight, glued-and-screwed

00—

| [16cu ft CLOSED-BOX CABINET, FILLED 2/5 %ITH 0.5 POUND
DENSITY SPUN GLASS WOOL)

% |
S {
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700 1" .25 S !
e —_— — — - »
o
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= w50 M ——
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fos —Hz

Fig. 6. Composite resonance of various 10, 11, and 12-inch
woofers in 1.6-cubic-foot closed box with damping material.

CABINET VOLUME -cu

Fig. 7. Composite resonance for 12-in woofers with bass-
resonant frequencies of 15 Hz in various cabinet sizes.

Fig. 8. Method of measuring Q. of speaker enclosure.
First place switch at 1 and measure resistance of woofer
voice coil (Ry) with v.o.m. Then, disconnect the v.o.m., set
audio generator at 1000 Hz, and move switch to 2. Adjust
amplifier gain for a reading of 10 volts on v.o.m. Sweep
generator from about 20 to 100 Hz and note peak read-
ing on v.t.v.m. This is f,, Move switch between 2 and 3
and adjust variable resistor until there is no change
in voltage. At this setting and with S at position 2,
measure value of variable resistor with v.o.m. This value
is R... Then slowly increase frequency until voltage reads
0.707 of its peak value. Generator now indicates f,.
Finally, decrease generator frequency below the peak un-
til the voltage again falls to 0.707 of the maximum, Gen-
erator is at f. Substitute the resultant values in equation
shown with the diagram in order to obtain the value of Q..
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Fig. 9. (A) Portion of response of experimental closed-box
system with %-in Tufflex lining. (B) Same but with lin-
ing removed. Notches in response around 300, 720, and
1400 hertz are caused by internal reflections of the sound.

joints are a must. Even better, are well designed lock-
joints such as those employed in some commercial closed-
box systems. Such joints make cabinet assembly difficult
and costly, but produce leak-proof, virtually destruct-
proof cabinets.

Because it can be small in size, the closed-box speaker
is particularly well-suited to shelf mounting. This suit-
ability, in turn, tends to be enhanced by typical cabinet
proportions, which generally present a front rather long
and narrow and a depth scldom greater than a foot.
Tvpical outside dimensions in inches are:

System Woofer Size Llength Width Depth
6 15 9%; 6
8 19 102 9%z
10 23% 11 10
11 24 13 12
12 25 14 13
15 30 19 16

High-quality high-fidelitv loudspeaker systems gener-
allv employ two or more separate spcd]\crs each de-
signed to handle a different band of frequencies; the
division of energy is accomplished by a frequency-divid-
ing or crossover network.

Two-way svstems can sound cxcellent and present
fewer problems to the home constructor than do more

Fig. 10. Diagrams of simple crossover networks. If speak-
er impedance is 4 ohms, multiply C by 2 and divide L by
2. If speaker impedance is 16 ohms, divide C by 2 and
multiply L by 2. Nonpolarized electrolytics can be used
for capacitor, and air-core chokes for inductor. Values are
computed; final values depend on speaker responses.
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500 40.0 2.500
1,000 20. 0 1.250
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2,000 i0.0 0.625
4,000 | 5.0 0.312 |
8,000 ‘ 2.5 0.156
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complex systems. Let us then limit the number of
speakers to two, a woofer and a tweeter, and the number
of network components to a minimum. ( Research shows
sound quality deteriorates with increase in network
components. )

The simplest network is shown in Fig. 10A. The ca-
pacitor provides a low-impedance path for high fre-
quencies to the tweeter and at the same time, blocks low
frequencies, forcing them to pass only through the
woofer. A slightly more elaborate network (Fig. 10B)
include a series choke to keep the highs out of the woofer.

As a speaker becomes smaller, its operation approaches
that of a point source, uniformly distributing sound over
the hstenmg area. Conversel\, as a speaker becomes
larger, it “squirts out” more of its top frequencies in a
narrow beam. So we want the smallest possible tweeter.
But we would like the tweeter to go down far enough in
frequency so that it can take over from the woofer at a
low enough crossover to avoid the beaming of the woofer
at its top end. So we want the largest possible tweeter.

The best compromise is presently reached by using
a long-throw, high-quality woofer of modest size, thus
minimizing woofer top-end beaming, and the smallest
possible, widest-range tweeter. One means of accom-
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Fig. 11. Anechoic-chamber on-axis pressure response of

closed-box speaker system, University Sound’s “‘Project

M.”” Dashed curves are outputs of speakers separately.
plishing the latter is to provide the tweeter cone with a
series of strategically placed holes which allow the
tweeter cone to operate at full size at the bottom of its
range, but which cause it to operate as a progressively
smaller unit with rise in frequency. (Patent applied for
by University Sound.) The tweeter is usually connected
to the woofer in-phase so as to avoid cancellation around
the crossover frequency.

Considering all factors, the optimum crossover point
for a two-way system is about 1000 Hz.

If the network is to be minimized, its frequency-
contouring function must be supplanted. That can be the
contouring of the response of the speaker itself. Such
contouring is difficult, but it can be done, as is shown in
the shapes of the curve of the woofer top-end and of the
tweeter bottom-end in Fig. 11 where only one capacitor
is used as the network.

It is important to purchase speakers in matched sets
from one manufacturer, and purchase the very best.

Speakers should be mounted from the front. Back
mounting introduces unnecessary irregularities due to
the “tunnel effect” of the speakers “looking through” the
thickness of the cabinet front panel. Also the two speak-
ers should be mounted as close together as possible. @
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Motorola HEP Line
Replacement Parts

THE need for replacement lines
of semiconductors for consumer
equipment developed when manu-
facturers began using transistors and
diodes in their products. However, a
pattern developed early that was un-
like the familiar vacuum-tube situa-
tion: the semiconductors used were
generally not well-known, readily
available types, but were marked
with special code numbers known
only to the semiconductor manufac-
turer, the equipment manufacturer,
and his authorized distributors. Thus,
when the service technician had to
replace a bad part, he could get a
replacement only from the equipment
manufacturer and this often entailed
ordering from out of town, resulting
in a long wait that slowed service and
irritated customers.

An obvious solution to this problem
was specific replacement lines with
cross-reference guides. Early replace-
ment lines contained only a few dif-
ferent devices to replace thousands
of original products. This is the “uni-
versal” replacement concept. Because
this meant that many of the replace-
ments were actually not close equiv-
alents, problems often arose.

Another approach to the problem
of replacements is taken by the Mo-
torola HEP program “Equal or Bet-
ter” series. This line includes many
more devices than the universal se-
ries, making it possible to provide a
transistor with characteristics equal
or superior to those of the transistor
replaced.

HEP semiconductors are readily
available from over 1100 distributors
in all areas of the United States.

Replacements for over 20,000
semiconductors are listed in the
“HEP Cross-Reference Guide.” The
equivalents are carefully selected
from the extensive specifications at
the Motorola Semiconductor Prod-
ucts Division, the world’s largest pro-
ducer of semiconductors. The “HEP
Cross-Reference Guide” and the HEP
catalogue, which lists detailed speéi-
fications on all HEP devices, are
available from HEP distributors or
the Technical Information Center,
Motorola Semiconductor Products
Inc., Box 20924, Phoenix, Arizona
85036. L
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easy answers to common color complaints

Perma-Power

puts back Color TV Quality!

Puts back
brightness

Color-Brite
Picture Tube
Briteners

Color-Brite brings out lost
sharpness and details of
fading color picture tubes.
Provides increased
filament voltage to boost
electron emission, returns
full contrast and color
quality.

MODEL C-501

for round tubes

Dealer Net............ $5.85
MODEL C-511

for rectanigular tubes

Dealer Net............ $5.85

Put Back Profit—Use
Perma-Power Briteners

Free technical literature on request

Puts back
black-and-white

Color-Brite
Isolation
Briteners

No Boost. Corrects for
cathode-to-filament short
causing loss of black and
white video drive. Isolates
the short, restores the
black and white
information that gives the
color picture its quality.
MODEL C-502

for round tubes

Dealer Net............ $7.25
MODEL C-512

for rectangular tubes

Dealer Net............ $7.25
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Puts back
full voltage

Automatic
Voltage

Regulator

Automatically boosts
voltage 10 volts when
line voltage drops below
110 volts. Eliminates
shrinking, loss of
brightness, loss of
convergence. Combats
poor line voltage
regulation, overloaded
circuits.

MODEL D-210

tor appliances
rated up to 400 watts

Dealer Net. ....... $14.95

> ?@:MA,"POWL COMPANY

Division of Chamberlain Manufacturing Corp.

5740 North Tripp Ave. Chicago, lil. 60646
Phone: (312) 539-7171

CIRCLE NO. 16 ON READER SERVICE PAGE

COOPERATE WITH THE ZIP CODE

PROGRAM OF THE POST OFFICE

DEPARTMENT—

USE ZIP CODE IN ALL ADDRESSES
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ENERAL ELECTRIC -
COLOR-TV CIRCUIT

Models using this new G-E chassis feature an 18-in picture tube, a lighter
weight (60 Ibs), and a high-impact polystyrene cabinet. A removable sliding
panel allows easy access to the copper sides of the four separate circuit
boards that are used. The portable color models with this chassis are WM260CBG,
WM262CBG, WM264CWD, WM266CWD, WM269CMD, and CBM261CWD.
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CLASS-D CITIZENS-BAND EQUIPMENT DIRECTORY

CB transceivers licensed under Class D of the FCC
Rules & Regulations (Part 95) are designed to operate
with five watts input to the final r.f. amplifier stage of the
transmitter. This is the maximum allowed for 27-MHz
licensed operation.

in the tabulation that follows, it can be assumed that
all transceivers listed are five-watt units (with output to
the antenna falling into the 215, to 31, watt category).
With 23-channel operation, the maximum allowable, many
transceivers here utilize the full-band capability. Others
are limited to, for example, five of the 23 available chan-
nels. This means that any five of the 23 can be used, al-
though the manufacturer usually includes transmit and re-
ceive crystals for channel 9 (or 11) and leaves it at that.
The user then buys compatible crystals for the balance of
the available channels, specifying which channels he de-
sires. This is indicated under “CHAN.” in the directory.
Most transceivers with a ‘“23'’ rating come either equipped

with all necessary crystals or have a built-in frequency-
synthesizing circuit to permit the same thing.

Furnishing power to Class-D units is a subject of in-
creasing controversy in the CB industry. A few years back,
nearly all units came equipped with “Univ.” (for universal)
power supplies. This meant the set could be used both at
home and in a vehicle (with built-in 12 Vd.c./6 Vd.c./117
V a.c. capability). Today, however, there is a definite trend
to 12-volt-only sets. Reason? There are nearly four mobiles
to every base station purchased. With competitive pricing
constantly in mind, manufacturers now provide base capa-
bility as an option, through purchase (at varying prices) of
a 117-V a.c. supply. These power adapters are usually de-
signed to be used only with specific CB units.

Although the trend to solid-state continues, a few manu-
facturers continue to produce tube-type units. These are
indicated in the directory by a “—'" under the ‘“SEMI."”
category.

Guide to notes: 'In kit form only. *All transmit and receive crystals included.

MFG. MODEL CHAN. VOLT. SEMI. PRICE($)
Allied A-2564 23 12 X 149.95
A-2567 23 Univ. X 179.95
A-2568 23 Univ. X 199.95
B&K CAM-88 23 Univ. — 219.95
Cobra vV 5 12 X 99.95
Cobra 24 23 12 X 169.95
Cobra 27 23 Univ. X 179.95
Cobra 98 23 Univ. - 239.95
Browning Eagle 23 117 - 359.00
Eaglette 23¢ 12 - 209.50
Eaglette 2 232 12 X 204.50
Golden Eagle 232 117 — 395.00
Golden Eagle
Mark 1l 23 117 — 495.00
Courier Classic 23 12 X 199.00
Royale 23 Univ — 299.00
Traveller 23 12 X 159.00
TR-5 5 117 X 99.00
23 232 Univ - 199.00
23 Plus 232 Univ = 229.00
Heath GWW-14A 23 12 X 109.95
GW-14 23 12 X 76.95
GW-22A 5 117 — 49,95
GW-22D 5 12 - 54.95!
International
Crystal M0-23 23 12 X,— 205.00
Johnson Messenger 1 5 Univ = 12495
Messenger 100 6 12 X 129.95
Messenger 110 5 12 X 109.95
Messenger 111 12 12 X 149.95
Messenger 123 23 12 X 179.95
Messenger 124 23 Univ X 289.95
Messenger 125 5 12 X 99.95
Messenger 223 23 117 X 224.95
Messenger 320 23 12 X 199.50
Messenger 323 23 12 X 239.95
Kaar Skylark 1-336 11 12 X 159.95
Skyhawk 11-337 23 12 X 229.95
Lafayette Comstat 19 9 117 - 59.95
Comstat 23
Mark V1 232 Univ - 99.95
Comstat 25B 232 Univ — 139.95
HB-23 23 12 X 99.95
HB-525C 23 12 X 149.95
HB-600 232 Univ X 219.95
HB-625 232 12 X 189.95
HE-20T 12 Univ X 89.95
Telsat-23 232 Univ X 59.95
Telsat-150 232 12 X 199.95
Dyna-Com 5a 3 12 X 79.95
Dyna-Com 12 12 12 X 99.95
Messenger Fieldmaster
TR-15 8 12 X 69.95
Fieldmaster
TR-16 6 12 X 49.95

MFG. MODEL CHAN. VOLT. SEMI. PRICE ($)
Messenger Fieldmaster
TR-17 12 12 X 79.95
Fieldmaster
TR-18A 23 12 X 139.95
Fieldmaster
TR-20 23? 12 X 149.95
Midland 13-855 6 12 X 69.95
13-870C 23 12 X 139.95
13-872 23 12 X 159.95
13-876 23 Univ. X 169.95
13-877 23 Univ. X 189.95
13-880 23 Univ. X 329.95
13-890 23 117 = 129.95
Olson CB-88 23 12 X 149.98
Pace Pace 100 6 12 X 129.95
Pace 2300 232 12 X 199.95
Pace
Base Station 23*  Univ X 319.95
Pearce- Companion I 5 Univ. - 159.90
Simpson Companion IV 10 12 X 139.90
Director 23 23 12 X 269.90
Guardian 23 23 Univ. — 269.90
Panther 5 12 X 99.90
Penny Pinto 23 23 12 X 129.00
Pinto Jr. 6 12 X 69.00
Pinto 23B 23%  Univ X 159.00
Realistic TRC-10 6 12 X 69.95
(Radio-Shack) TRC-18 12 12 X 99.95
TRC-23B 23 Univ X 119.95
TRC-24 23 12 X 139.95
TRC-29 23 Univ X 169.95
TRC-100 6 12 X 99.95
Regency Imperial 11 (SSB) 23 Univ. — 349.00
500 12 12 X 99.95
GT-523 23 12 X 189.00
Formula 12 12 117 X 99.95
Formula 23 23 117 X 189.00
Robyn TR-123B 232 12 X 139.95
Sears Roebuck 6556 5 12 X 99.95
6562 23 12 X 199.95
7531 23 12 X 159.95
7535 23 117 - 199.95
Sonar FS-23 23*  Univ. — 29995
H 7 Univ - 159.95
123 23 12 X 239.95
1-23-1 23 12 X 169.95
T6 6 12 X 139.95
Squires-Sanders Skipper 23 12 X 159.95
Flagship 23 117 X 299.95
Tram Titan 23 117 - 410.00
Titan 1l 23 117 — 482.00
Corsair 23 Univ. — 415.00

44

ELECTRONICS INSTALLATION & SERVICING HANDBOOK




How to Add
Remote Speakers
to Your
Stereo System

By VICTOR BROCINER
Vice President, Planning
H. H. Scott, Inc.

Adding speakers to a solid-state
stereo amplifier may cause
serious damage to the amplifier.

Here is how it can be done safely.

E have become so used to the convenience of our
constant-voltage power line, into which one may
plug household appliances almost at will, that it is

sometimes difficult to remember that the output of a
high-fidelity amplifier must be treated somewhat differ-
ently. Even in the case of the power line, one has to be
careful not to plug in too many appliances, or the fuse
will blow. A similar precaution must be exercised when
connecting multiple loudspeakers to amplifiers, with the

difference that in the case of solid-state amplifiers it can
be the power transistors that blow instead of the fuse.
However, if a few simple precautions are observed, no
problems need arise.

Every household appliance is marked with a power
rating, in watis. This figure specifies the amount of
power that the appliance draws from the regular 120-
volt line. It also determines, together with another factor
— the efficiency — how much power the device produces.
In the case of an electric fan, for example, it is directly
related to the amount of air that the fan is capable of
moving.

Loudspeakers, unlike household appliances, are not
connected to a source of fixed voltage like the 120-volt
line. The output voltage of an amplifier varies with the
setting of the loudness control, and also from instant to
instant as it follows the rapid variations in the program
material, be it voice or music. Consequently a means
different from wattage rating had to be found to express
the capacity of the speaker to absorb power from the
amplifier. The term so used is impedance, and it hap-
pens that its value is in inverse ratio to the power ab-
sorbed: the greater the impedance, the less the power
input to the speaker, and vice versa. If you apply less
power to the speaker, then its acoustic output power is
reduced in proportion.

The impedance of a circuit is equal to the voltage
across the circuit divided by the current through the
circuit: Z = E/I. When this is rearranged as follows:
I = E/Z, it becomes a little clearer that impedance is
the current-determining element for a given applied
voltage and, in the case of amplifiers, it is the current
drawn that we are concerned about. The internal heat-
ing in the power devices of an amplifier increases rap-
idly as the current drawn from them goes up. Of course,
there is a point beyond which this heat damages the de-
vice. With solid-state devices the allowable time for an
extreme overload may be on the order of microseconds.

With any output device, the power output varies as
the load impedance is varied. At zero impedance the
power output is obviously zero, as it is at infinite im-
pedance. As the impedance is increased from zero value,
the power output increases to a maximum and then de-
creases (Fig. 1A). Maximum power output is delivered
when the load impedance is equal to the internal imped-
ance of the amplifier. For impedance values near this
optimum, the variation in power output is relatively
small.

With transistor amplifiers the internal impedance of
the amplifier is so low that if a matching impedance
were uscd to obtain maximum power, the current drawn
from the transistors would be far in excess of their
maximum capability. Consequently transistor amplifiers

Fig. 1 (A} As load impedance rises, output power rises to a maximum and then falls. (B) At lower than rated
impedance, maximum power output rises but so does distortion. (C}) Speaker impedance changes with frequency.
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SPEAKER
EFFICIENCY
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Fig. 2. Continuous power requirements for various room
sizes and acoustics, for speaker systems of different effi-
ciencies. In general, completely closed acoustic-suspen-
sion systems are fairly low in effiiciency while closed and
ported systems with efficient speakers and horn systems
are high in efficiency. If most listening is done at high lev-
els, somewhat more power is needed; for listening at low
background levels, somewhat lower power is required.
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Fig. 3. Novel method of obtaining center mono channel.
Special network ahead of amplifiers maintains separation.

are designed to operate into impedances considerably
higher than the optimum impedance (point P in Fig.
1A); furthermore, since thev are almost invariably out-
put-transformerless, the power delivered is determined
by the value of the load impedance and there is not
much one can do about it.

Suppose that a solid-state amplifier is designed to
deliver its rated power into a 4-ohm load. If it is well-
designed, the current drawn by this load will be such
as to keep the internal heat dissipation in the output
devices appreciably below their maximum. However,
the safety margin is not made so great that a 2-ohm load,
for example, which would draw double the current of
the rated load, would be safe. IF'uses do not act quickly
enough to protect against the cllects of extremely brief
overloads. Electronic protective circuits may do so, but
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they add considerably to the cost of the amplifier if they
are designed to provide adequate protection.

Even when the danger of damage to the power tran-
sistors is small —and today’s solid-state amplifiers are
remarkably rugged — there is another factor that must
be taken into account: distortion. Operating a solid-state
amplifier into a load impedance lower than the rated
value results in increased distortion, and not only at
very high power; the performance is deteriorated even
at ordinary listening levels (Tig. 1B). Hence, it is im-
portant to keep the load impedance equal to or greater
than the rated value.

We have been referring to the impedance of a speaker
as if it were a fixed quantity. Actually, it isn’t. The im-
pedance of a loudspeaker is different at different signal
frequencies throughout the audible spectrum. The range
of variation can be on the order of 10 to 1 or more.

A curve showing a typical variation of speaker impe-
dance over the frequency range is shown in Fig. 1C. If
this were a speaker rated at 8 ohms, it can be seen that
the impedance has a minimum value of slightly over 4
ohms at 10 kHz. The combination of two such speakers
in parallel would be rated at 4 ohms but would actually
present a load of 2 ohms to the amplifier at 10 kHz,
a value below the minimum recommended for most
amplifiers. It is important for the value of speaker
impedance to be carefully controlled over the entire
frequency range to avoid detrimental effects. (See
“Problems of Matching Speakers to Solid-State Ampli-
fiers,” Victor Brociner, Errcrronics Worrp, January
1967.)

Assume now that we want to connect one or more sets
of loudspeakers to a hi-fi system, with the thought of
operating more than one at a time. How shall we pro-
ceed?

Amount of Power Required

When several speakers are operated from the same
amplifier, the power output of the amplifier is shared
among them. This limits the number of speakers that
can be operated from a given amplifier, depending on
the levels at which they are to be operated. If an ampli-
fier is just adequate to provide the desired levels in the
main listening room, it will not be satisfactory to pro-
vide tull room volume in an additional room as well. On
the other hand, if the remote installation is intended to
provide soft background music only, the arrangement
will be quite acceptable.

In making judgments of the adequacy of the power
available, it should be kept in mind that doubling the
output, or increasing it by 3 dB, does not double the
loudness. A 7-10 dB power increase, the exact amount
depending on the nature of the program material, is
required to double loudness. Looking at it the other
way, halving the power results in a noticeable but not
pronounced change in loudness. Halving the loudness
involves a decrease in power of 1/5 to 1/10. Of course,
this information has to be applied with a certain amount
of judgment; otherwise it might well lead to the connec-
tion of 50 additional speakers, bused on the argument
that each speaker that is added results in an only slight-
Iy noticeable decrease in loudness!

The amount of amplifier power required in an aver-
age living room depends, among other things, on the
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(a) Fig. 4. Various switching circuits used to operate a remote loudspeaker system,

efficency of the loudspeakers used. A guide to power
requirements is given in Fig. 2. From this chart it is
easy to determine the power requirements for each
speaker station, and from this to find the total power
required. If all of the loudspeakers are not going to be
used simultaneously at any time, the power should be
determined for the combination requiring the greatest
total power.

Remote Speakers: Stereo or Mono

If stereo reproduction is desired wherever additional
speakers are installed, each installation requires a pair
of speakers for the two stereo channels. If monophonic
reproduction is desired, things are a little less simple.
Connecting a speaker to only one of the channels is
obviously not a good solution. It is necessary to obtain
the sum of the left and right channels in some manner
to recover the monophonic program content. Many
amplifiers have a low-level “center-channel” output
connection which provides such a signal. While orig-
inally intended primarily to provide a center channel for
widespread stereo using three speakers, it is eminently
suitable for the purpose we have in mind. This connec-
tion provides sufficient voltage to drive a separate power
amplifier for the remote speakers.

Where sufficient power is obtainable from the main
amplifier, it is far more convenient to use an arrange-
ment which does not require an additional power ampli-
fier. Bridging speakers across the respective outputs
of the left- and right-channel amplifiers is not a satis-
factory solution because, among other things, this pro-
vides a difference rather than a sum signal. Nor is it
possible to remedy this by reversing the output of one
of the channels because they have a common ground
connection internally.

A novel system for obtaining a center channel is
shown in Fig. 3. The part of the circuit illustrated, if
used alone, has a detrimental effect on the separation
of the stereo channels. In practice, a special input net-
work is used ahead of the two channels of the amplifier
to compensate for this.

A very simple and convenient provision for obtaining
a powered monophonic channel is embodied in H. H.
Scott amplifiers and receivers (Fig. 4A). The remote
speakers are connected directly to the amplifier ter-
minals marked “Remote” and switch S3 set to “Mono.”
For amplifiers not equipped with such conveniences, it
is possible to use a high-quality 1:1 transformer to
reverse phase, as shown in Fig. 5A. For those who do
not wish to go to the expense and trouble of using a
transformer and are willing to tolerate a 6-dB loss in
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level when using a single remote 8-ohm loudspeaker,
the circuit of Fig. 5B offers a simple solution.

Impedance “Matching”

Although the term “matching” has been used in this
section heading in accordance with common practice, it
should be pointed out that it is not really matching that
we are concerned with, but rather the connection of the
correct value of total load impedance to the amplifier.
Additional speakers must be connected in such a way as
not to present a total load impedance of less than the
minimum value specified for the amplifier being used.
Since hi-fi loudspeakers are made with impedances of
4, 8, and 16 ohms, depending on the model and man-
ufacturer, and since most solid-state amplifiers have a
minimum specification of 4 ohms for load impedance:
(1) up to four 16-ohm speakers may be used in parallel,
(2) two 8-ohm speakers may be used in parallel, (3)
multiple 4-ohm speakers represent a problem.

If speakers of different impedances are paralleled,
the resulting impedance can be found from the formulas:

g 7172

For two speakers: = _Llba
TOT Z1 + 72

For three or

more speakers: Z 1

Tor ~ 1/Z1 + 1/22 + 173 ... ...

When using a combination of speakers which present
an unacceptably low value of impedance if paralleled,
one is tempted to consider putting the speakers in ser-
ies so that their impedances add. This is permissible
provided the speakers are identical — and this means
identical not only in impedance, but in all respects.
With dissimilar speakers, interaction takes place be-
tween the two speakers, resulting in deteriorated per-

Fig. 5. (A) Using 1:1 transformer to power remote mono
speaker. (B} Simple circuit but with a 6-dB power loss.
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Fig. 6. Using the transformer
secondary taps for matching.
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formance for both. The same consideration also holds
true, of course, for series-parallel arrangements.

To avoid the problem presented by speaker combina-
tions that would result in too low an impedance, as in
case'(3) above, one can resort to a transformer. Fig. 6
shows the large number of impedance transformations
that can be obtained with a 0-4-8-16-ohm transformer.
A high-quality output transformer designed for tube
amplifiers can be used for this purpose, provided care
is taken to cut off and insulate the high-impedance
primary winding connections. The transformer must be
a high-quality unit. Ordinary transformers have a low
value of primary inductance. Since this shunts the line
to which the transformer is connected, it becomes a very
low impedance at low frequencies, defeating the very
reason for which the transformer was used in the first
place.

Switching of Speakers

Most of today’s receivers and amplifiers are provided
with terminals for extra speakers and some form of
front-panel switching. The more eleborate units provide
switching to permit changing from the main to the
remote speakers and also to operate both at the same
time. A series resistor is usually switched into the circuit
when both sets of speakers are in operation to provide
for the use of 4-ohm speakers for both main and remote
positions. This protects the amplifier against possible

Fig. 7. Connections of L-pad and potentiometer in or-
der to control the volume of sound of remote speaker.
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overload; it also results in a loss of total power available,
usually on the order of 6 dB, plus a reduction of damp-
ing factor to around 1. These effects are proportionally
less with speakers of higher impedance.

The decreased damping factor results in a slight ex-
aggeration of the very deep bass with low-efficiency
speakers, and actually improves the bass response of
high-efficiency speakers. The loss in power is unfortu-
nate, especially since it takes place when extra power
is needed for the operation of the additional speaker
system, but this is the penalty one pays for using low-
impedance speakers without provision for “matching.”

If switching is not provided in the amplifier, or if the
switching that is present does not include operation of
both sets of speakers simultancously, the circuit of
Fig. 4A can be incorporated into a separate switch box
and connected between the standard amplifier output
terminals and the specakers. The third switch and as-
sociated resistors (for stereo-mono operation) may be
omitted if desired. Slide switches rated at 2 amperes or
more are satisfactory. If the total load presented by all
the speakers that are going to be operating at the same
time is no lower than the minimum value specified for
the amplifier, the protective resistors may be omitted.

If more than one set of additional speakers is to be
used, all of them can be wired in paralle! to the “remote”
terminals, unless it is desired that they be independently
controlled by switches. In this case, a series of double-
pole switches, wired as shown in Fig. 4B, is the simplest
arrangement. If the load presented by all the speakers
in parallel is too low, individual resistors should be used
in series with all the spcakers. If the main speaker
impedance is appreciably greater than the recommended
minimum, it need not have a series resistor. Circuits to
switch these resistors in and out as necded would be
excessively complicated.

When two speakers are operated in series, the switch
can be connected most simply to short out the unwanted
speaker (Tig. 4C).

Operating Levels and Controls

Since modern amplifiers are essentially constant-
voltage devices, the same voltage is applied to all speak-
ers operated in parallel. The power fed to a given
speaker is inversely proportional to its impedance, while
its output is directly proportional to its efficiency. For
example, if an S-ohm and a 16-ohm speaker of equal
efficiency are paralleled, the S8-ohm speaker receives
twice as much power as the 16-ohm speaker. When
series resistors are incorporated into the amplifier, the
effect is to reduce the discrepancy. In the circuit pre-
viously described for monophonic operation of remote
speakers (Tig. 5B), there is a loss of abont 9 dB for a
4-ohm speaker, 6 dB for an 8-ohm speaker, and 2 dB for
a 16-ohm speaker. The 6-dB loss. incidentally, is desir-
able when the additional speaker is operated as a center
channel for stereo.

Fig. 7 illustrates two methods of individual volume
control for remote speakers. The L-pad is the more
elaborate and expensive of the two, but it offers the ad-
vantages of no loss of power when set to maximum, and
preservation of a high damping factor. The potentiome-
ter uses up some of the available power even when set
to a maximum (about 1/5) and reduces the damping
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factor to a value of 1 at 50% of full rotation. A really
elegant but expensive method is to use a small (1.0-
ampere) variable transformer as a level control. A close
approach to this is a tapped transformer plus a switch.
Suitable units are available in pairs with a ganged
switch, for stereo use. Individual controls for all speak-
ers provide means for baluncing each stereo pair.

When using local controls other than variable or
tapped transformers, care should be exercised to avoid
operating them at unnecessarily low setting with the
amplifier volume control turned up high, which wastes
power and increases distortion.

Power ratings on controls need not be as high as one
might think. Heating in the controls is determined by
the relatively long-tenm power dissipated. The average
power, even of highly compressed program material, is
well below 10% of the amplifier rating. Consequently, a
control rating of 10% of the power fed to the speaker is
satisfactory, This means 2 to 5 watts in most systems.

Tap switches are actually preferable to continuous
controls, The reason is that speaker controls are likely
to be left at one setting for long periods of time. Vari-
able controls tends to develop faulty contacts under
these conditions and become noisy. The crackling noise
can usually be eliminated by rapid rotation of the con-
trol forward and back several times, or through the use
of special contact cleaning fluids available in liquid and
spray-can form. Switches do not usually require such
maintenance. However, suitable assemblies of switches
and resistors are not as generally available as continuous
controls. For those interested in constructing step-type
level controls, Fig. 8 shows the circuit and resistor

Or%————————— FROM AMPLIFIER ———————()

RESISTORS IRC TYPE BWH OR EQUIV. £10%
SWITCH. 2-GANG SHORTING TYPE
* 2-WATT MIN. RATING
FOR 1601 SPEAKER, MULTIPLY ALL VALUES BY 2
o 4f " DIVIDE " W won

Fig. 8. Switch and resistor combination to provide step
type level control for a remotely located loudspeaker.

values for 3-dB steps. For stereo, two such assemblies
ganged together are required.

Connections to speakers must be made with wire
having sufficiently low resistance to avoid appreciable
power loss. This is of importance only with long leads.

Ordinary lamp cord is suitable. Use a wire thickness
of 18 gauge or less (smaller number, thicker wire) for
lengths between amplifier and speaker of 50 feet or less.
Over 50 feet, use 16 gauge. Where phasing is important
use a color-coded wire, one with a marker yarn, or
some other means of distinguishing one wire of the pair
from the other. (SP-1 “zip cord” usually has one wire
identified by a thin outside rib on the insulation.) L
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UR COVER shows a number of new products that
typify the contents of this year's Handbook. In tak-
ing the photograph, we have grouped together the
products by category. For example, the largest group-
ing of items at the bottom of the picture are pieces of
test equipment. Beneath the CB transceiver at the top
left is a small group of electronic automotive products.
Below this group is a pair of hi-fi loudspeakers while
a pair of p.a. loudspeakers is at the top right. Finally,
the color-TV set typifies our coverage of this important
topic.

The CB transceiver is the E. F. Johnson “Messenger
124, a solid-state, 23-channel unit with a double-con-
version receiver and transmitter featuring audio com-
pression and clipping for maximum “‘talk power.” The

group of automotive products includes Delta Products
Mark Ten capacitive-discharge electronic-ignition sys-
tem, the Knight-Kit (Allied Radio) KG-340 electronic
tachometer, and the Knight-Kit KG-303 junior auto ana-
lyzer for measuring dwell, r/min, and voltage.

The two p.a. speakers at the top right are University
Sound high-efficiency, re-entrant horns designed for
paging and talk-back applications. The upper unit is
Model UH-T; the lower one is Model MIL-A. The pair
of hi-fi speakers at the left are Electro-Voice models.
The larger one is a 12-in coaxial loudspeaker (Model
SP12B); the smaller one is a horn-loaded tweeter
(Model T350) for very high audio frequencies.

The table-model color-TV set is an RCA Fraser
(Model FM-477) with an 18-inch diagonal screen and
automatic fine tuning.

Moving now to the group of test equipment at the
bottom of the photo, we show a Leader Model LBO-53B
wide-band oscilloscope. The scope covers the fre-
quency range from d.c. to 10 MHz at a sensitivity of
10 mV(p-p)/cm; hybrid circuitry using both transistors
and tubes is employed. Atop the scope is the new B&K
Model 162 transistor tester that can check conventional
transistors, FET's, UJT’s, SCR’s, and triacs. At the right
is the solid-state Sencore SM-152 sweep and marker
generator with its six frequency bands and nineteen
crystal-controlled markers. Atop this instrument is the
Heathkit 1G-28 colo~bar generator, which uses com-
puter-type integrated circuitry to produce twelve pat-
terns and a clear raster. The small meter in the fore-
ground is the Triplett Model 310FET, a handy, pocket-
sized v.o.m. that uses FET’s to achieve a high input
impedance of 10 megohms. ®

Cover photograph by Dirone-Denner
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Voltage — Voltage
Ratio Power db Ratio Power
(Equal Ratio ar (Equal Ratio
Impedance) Impedance)
1.000 T 1.000 ' 0 - 1.000 1.000
0.989 0.977 0.1 1.012 1.023
0.977 0.955 0.2 1.023 1.047
0.966 0.933 0.3 1.035 1.072
0.955 0.912 0.4 1.047 1.096
0.944 0.891 0.5 1.059 ‘ 1.122
0.933 0.871 0.6 1.072 1.148
0.923 0.851 0.7 1.084 1.175
0.912 0.832 0.8 1.096 1.202
0.902 0.813 0.9 1.109 . 1.230
0.891 0.794 1.0 1.122 , 1.259
0.841 0.708 1.5 1.189 1.413
0.794 0.631 20 1.259 1.585
0.750 0.562 25 1.334 1.778
0.708 0.501 3.0 1.413 1.995
0.668 0.447 8.5 1.496 2.239
0.631 0.398 4.0 1.585 2.512
0.596 0.355 45 1.679 2.818
0.562 0.316 5.0 1.778 3.162
0.531 0.282 55 1.884 3.548
0.501 0.251 6.0 1.995 3.981
0.473 0.224 6.5 2.113 4.467
0.447 0.200 7.0 2.239 5.012
0.422 0.178 75 2.371 5.623
0.398 0.159 8 () 2.512 6.310 z
0.376 0.141 85 2.661 7.079 '
0.355 0.126 9.0 2.818 7.943
0.335 0.112 95 2.985 8.913
0.316 0.100 10 3.162 10.00
0.282 i 0.0794 11 3.55 . 12.6
0.251 | 0.0631 12 3.98 15.9
0.224 0.0501 13 ‘ 4.47 20.0
0.200 0.0398 14 « 5.01 | 25.1
0.178 0.0316 15 5.62 . 31.6
0.159 0.0251 6 6.31 [ 39.8
0.141 0.0200 17 7.08 50.1
0.126 | 0.0159 18 7.94 | 63.1
0.112 0.0126 19 8.91 ! 79.4
0.100 0.0100 ‘ 20 10.00 ' 100.0
3.16x10~* 10~ 30 3.16x10 ‘ 10°
102 10~ 40 102 , 10*
3.16x10°° | 10—° 50 3.16x10° | 10°
10~ 10¢ 60 10° 10¢
3.16x10* 1077 ! 70 3.16x10° 107
10— | 10~8 Q 80 10* 108
3.16x10° 10—° | 90 3.16x10* 10°
10—° 1010 10 10° 101°
3.16x10° 10— 11 3.16x10° | 10
10—° ' 102 120 10° ! 102
| I—

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



“My shop’s been loaded since I got my
FCC License...and I could kick myself
for not getting it sooner. I'm pulling in
all kinds of mobile, marine and CB
business that 1 couldn’t touch before;
have even had some calls to work on
closed-circuit television. I've hired two
new men to help out and even with
them, I'm two weeks behind.”

And so it goes. Once you have that
FCC ticket, you open the door to all
kinds of new business. And that’s not
all. The knowledge you need to pass the
FCC exam gives you a fundamental
understanding of a/l electronics. You'll
find you can do more work in less time
...work on almost any kind of elec-
tronics gear.

What's the best way to get a Com-
mercial FCC License...and still keep
up with your work? Thousands of men
will tell you, “Cleveland Institute of
Electronics.”

Men like August E. Gibbemeyer, for
example. He was in radio-TV repair
work before studying with CIE and get-
ting his 1st Class FCC License. Now,
he writes, “We are very happily in the
marine and two-way radio business...
servicing police and fire departments
in three communities, as well as cab
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companies...and our trade has grown
by leaps and bounds.”

Ed Dulaney is another example. He
started his own part-time service busi-
ness after training with CIE and pass-
ing the FCC License exam.This worked
out so well that he then opened a full-
tinte business. Today, he reports, “I
manufacture my own two-way radio
equipment, with dealers who sell it in
seven states, and have seven full-time
employees.”

CIE huas been preparing men like
these for FCC License exams since
1934. What’s more, CIE backs its
Home-Study Licensing Programs with
this remarkable money-back offer:

A CIE home-study FCC License course
will quickly prepare you for a Com-
mercial FCC License. If you fail to pass
the FCC examination after completing
your course, CIE will refund all your
tuition. You get un FCC License...or
your money back!

And only CIE offers you new, up-to-
the-minute lessons in all these subjects:
Advanced Troubleshooting Tech-
niques, How To Work Wit Transistors,
Microminiaturization, ? alse Theory
and Application, and many more.

Send bound-in postpaid card today
for CIE’s FREE informative book
“How To GEr A CoMMERcIAL FCC
LiceNsE.” With it, we’ll include a sec-
ond FREE book, “How To SuCCEED
IN ELECTRONICS.” If card is missing,
use the coupon below. Cleveland Insti-
tute of Electronics, 1776 East 17th
Street, Cleveland, Ohio 44114.

NEWS FOR VETERANS: New G.I. Bill may en-
title you to Government-paid tuition for CIE
courses if you had active duty in the Armed

Forces after Jan. 31, 1955. Check box in cou-
pon for complete information.

___________________ -
| o l
r CIE '
| Claveland Institute of Electronics I
1 |
| 1776 East 17th Street, Cleveiand. Ohio 44114 I
| Please send FREE book, “How To Get A |
| Commercial FCC License.” Also include your |
| second FREE book, ‘'How To Succeed in Elec- |
| tronics.” |
| |
| Name  _____ nge |
| (Please Print) |
: Address _ :
I city I
| state Zip— :
| []veterans check here for GI Bill information |
I -~ Accredited Member National Home Study Council |
| @ A Leader in Electronic Training ... Since 1934 |
| IN-1

hE 1 o i i b d

been loaded...’
since

[ got my
FCC
License’
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676 40
COLOR-TV CIRCUIT

This completely solid-state chassis (except for high-voltage rectifier) includes
transistors, SCR’s, and IC’s to operate a 23-in picture tube. It is used in a
large number of new console models including some featuring remote control.
Models currently using the chassis include FM-513, GM-663, -669, -675, -681,
-687, -693, -699, -705, -711, and -717. In addition to these, a large number of
combination consoles, many with remote control, use this particular chassis.
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Television’s
Built-in
Test Signals

By IVAN MERTES / Design Engineer
The Heath Company

Vertical-interval test signals transmitted by TV
networks can help evaluate TV receiver and

provide a check of alignment or need to repair.

means for testing a receiver to pin down a variety

of troubles. One set of a special testing signals trans-
mitted by the three major networks are the vertical
interval test signals, or VIT’s. These signals will help
you decide whether to repair the antenna system, trou-
bleshoot and re-align the r.f. tuner or if. amplifier,
or troubleshoot and repair the video amplifier. Making
use of VIT’s may help you avoid the tedious connecting
of all your sweep-alignment equipment, only to find the
real trouble is elsewhere in the system. VIT’s signals
also fill the void left today by rarely seen test patterns.
Evaluation of receiving systems may be accomplished
without regard to the quality of the picture content as
seen on the set’s screen.

VIT’s are primarily intended for evaluation of network
transmission equipment. You probably have seen these
signals before and wondered in passing, “What are
these bright lines here for?” Well, these bright lines
can help you. They appear in nearly all network color

ALL television signals carry a great many built-in

Fig. 1. VIT's (vertical-interval test signals) are added
to the last two horizontal lines of the vertical blanking
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telecasts and will be found in the vertical-blanking in-
terval of the transmitted signal.

Contents of VIT’s

To make use of these signals we must know what they
contain. Fig. 1 shows VIT’s as they appear in two con-
sccutive ficlds of the TV signals. The multi-burst is
composed of a white flag and six groups of video fre-
quencies. The white flag extends from black level to
maximum white level. This appears on the TV screen
near the bottom left side of the vertical blanking pulse
as a solid white portion about 2 inches long on a 295-
square-inch screen.

When viewing multi-burst on an oscilloscope, the
white flag serves as a reference. Immediately to the
right of this pulse come sine-wave frequencies in groups
at 0.5, 1.5, 2.0, 3.0, 3.6, and 4.2 MHz, respectively,
with the 4.2-MTz burst near the right side of the TV
screen. Each of these multi-burst frequencies is trans-
mitted at equal strength. Therefore, by comparing the
strength of each of these frequencies after the receiver
has worked on them, we have the means to measure the
frequency response of the receiving syvstem.

The other parts of VIT’s —the sine-squared pulse,
window, and staircase — are not nearly as useful to us in
servicing color sets. These signals are useful mainly to
engineers with very high-priced equipment. For ex-
ample, the sine-squared pulse has a particular shape
that makes it valuable for checking ringing and such
things in video amplifiers. Hopefully, the sets we come
across in servicing are designed to keep ringing to an
acceptable level. If one shows excessive ringing we will
start looking for broken resistors across peaking coils,
coils shorted by solder blobs, etc., rather than looking
at a test pulse that only confirms what we see on the
screen. The same goes for the window pulse — it is fine
for checking amplifier tilt, smearing, and response, but
its use is quite limited for servicing applications.

The staircase signal consists of ten or eleven equal
steps, beginning with the first step at black level and
proceeding up to the white level. Fach step is mod-
ulated an equal amount by 3.58-MHz energy. By com-
paring the amount of 3.58-MIiz signal on each of the
steps, a check of the recciver’s linearity may be made.
Meaningful test results from the staircase require very
elaborate equipment beyond the means of service shops.

Fig. 2 shows the horizontal sweep lines during two
consecutive vertical-blanking intervals. As shown, there
are two horizontal lines of VIT's in each vertical blank-
ing pulse: lines 17 and 18 in field number 1, and lines
279 and 280 in field number 2.

As seen on the screen of a TV receiver, field 1 will be
interlaced with field 2 and you will find line 17 followed
by line 279, then line 18 and finally line 250, followed
by the first line of video at the top of the picture. In
other words, near the bottom of the vertical blanking
pulse you will see four bright lines among the dark lines
of the pulse. The upper bright line will be line 17 carry-
ing the multi-burst, then line 279 also carrying multi-
burst. Third comes line 18 carrying the pulse and win-
dow, then line 280 carrying the staircase signal. Im-
mediately below these bright lines will come the picture
information.

To see the VIT’s just described, the set’s height and/or
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vertical linearity controls are adjusted to reduce the
picture size vertically. Now carefully adjust the vertical
hold control to interlace the two fields of the picture and
prevent “pairing” of the horizontal sweep lines. The
multi-burst signals will now appear just above the
picture as two “beaded” white lines, followed by two
more mostly white lines.

On some sets recently manufactured this procedure
may not work and you will see nothing but black in the
blanking pulse even when VIT’s are present. This is
because of a very effective vertical blanking signal,
produced in the set itself and designed to completely
eliminate vertical retrace lines from the picture. To
sidestep this, roll the blanking pulse into view on the

(PRESENCE &
POSITION MAY
VARY DEPENDING

SUPERIMPOSED SINE-SQUARED PULSE,
INDOW SIGNAL & STAIRCASE

screen with the vertical hold control, “riding” the control
to keep things as nearly stationary as possible. Now,
however, VIT’s will probably show as only two bright
lines instead of four, because the set is not interlacing
when the vertical-hold control is misadjusted as we have
just done. This is no problem, though, because lines 17
and 279 will pair up. Since these lines carry the same
multi-burst signal, nothing is lost. The multi-burst signal
is the part of the VIT’s we are most interested in, and
pairing the pulse and window signals and the staircase
on the next line will not lose much for us.

Estimating System Response

Now let’s see how to measure frequency response
with VIT’s. Fine-tune the set as accurately as possible.
View VIT’s by either of the methods just described. If
the station being received is transmitting the test signals
you should sce them as in Fig. 3. What you see here will
represent the frequency response of the entire receiving
system from antenna to CRT. In the photograph of
Fig. 3, separate white dots are seen resulting from the
peak of each multi-burst sine wave reaching an ampli-
tude great enough to make the CRT screen white.
Where the amplitude of the multi-burst is lower, each
sine-wave peak will be more gray, and with very weak
multi-burst the screen will remain nearly black.

The highest frequency response of the set will cor-
respond to the multi-burst frequency group which can
just be resolved as separate dots on the screen. In Fig.
3 this is at about 3 MHz, where the dots begin to run

ON NETWORK

Fig. 3. Photo of TV screen with vertical blanking bar
rolled to center of screen in order to show the VIT's.
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Fig. 4. Partial schematic of video amplifier of Heath-
kit GR-681. Short'A’’ to chassis to disable blanking.

together. So we can say the response of this receiver is
good to about 3 MHz. (Note that the actual TV picture
shows more detail than the small photo reproduced here.
—Editor)

Of course, the set’s high-voltage and focusing circuits
must be operating and adjusted properly. Also, some
touch-up of brightness may be called for.

A more satisfactory way to look at VIT’s is with an
oscilloscope. The first requirement for the scope is that
its frequency response must be good at least up to 4.5

Fig. 2. Horizontal line-by-line illustration of composite TV signal. Circled numbers identify each horizontal line.
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Fig. 5. Photo of multi-burst waveform at CRT red cathode.

MHz before it rolls oft, or it will influence the results.
Second, it must have a triggered sweep. What  this
means is that with no signal into the scope vertical
input there will be no sweep generated. When composite
video from a TV receiver is fed to the scope, it may be
adjusted to start a sweep only cach time a vertical or
horizontal sync pulse comes along. The advantage of
this is that the waveform seen on the scope screen will
be very stable and free of jitters or drifting. This is what
we require if we are to look at VIT's multi-burst.

Another important requirement of the scope used is
that it have enough gain to allow use of a 10-to-1 isola-
tion probe. The isolation probe lets you hook on to high-
impedance points in a circuit without loading the circuit
down or detuning it too far. The loss in these probes is
usually ten times and this must be made up by the gain
in the instruments vertical amplifier. Minimum sensi-
tivity needed is about 25 millivolts per screen division.

More satisfactory scopes for VIT's viewing have
sweep-delay provisions. With these instruments any
portion of the displaved waveform mayv be selected, ex-
panded to fill the trace, and swept at any desired rate.
This means you are able to take the VIT’s part of a TV
signal display on the scope and, in effect, expand this
tiny part enough to fill the entire baseline without loss
of brightness and the jittering that would be present
with simple sweep-expanders.

Measuring Frequency Response with Scope

Using a 10-to-1 probe, clip it on to the color CRT red
cathode. Using a scope without delay provisions, adjust
the Sweep Stability and Trigger Level controls on the
scope to obtain a stable trace with two horizontal lines
of the TV signal (two horizontal syne pulses should be
visible). Now turn the scope brightness up and very care-
fully adjust the stability control to either end of the
range where the trace brightness drops suddenly. With
sufficient patience, the horizontal lines carrying the VIT's
will come into view as in IFig. 1. Look first for the stair-
case pattern, the most easily identified portion of VITs.
Some varving video information from other parts of the
signal will also be visible but o usable multi-burst pat-
tern will appear.

If you are using an instrument with sweep delay, re-
sults will come much casier. Follow the manufacturer’s
instructions for selecting and expanding the desired part
of the waveform — in this case the portion showing the
VIT's.

One thing that may stop us at this point is vertical
blanking in the set. Some recent sets, such as the IHeath-
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Fig. 6. Multi-burst waveform at picture-detector output.

kit GR-681, have a very eflective blanking circuit which
operates in the video amplifier. This will remove VIT's
information, so the blanking will have to be defeated.
A partial schematic of the GR-681 video-output stage is
shown in Fig. 4. By shorting point A to the chassis with a
clip-lead, blanking will be defeated and VIT’s will come
through to the CRT cathodes.

Now that we have VIT's captured on our scope screen,
let’s continue. We can expect to see the multi-burst ap-
pearing somewhat as shown in Fig. 5. This is a photo-
graph of the multi-burst response at the CRT cathodes
of a normally operating color set. The maximum resolu-
tion of the set is at the frequency where the multi-burst
height is about halt that of the lowest frequency multi-
burst groups. This response shows 2 M1z to be % of that
at 0.5 MHz, or 6 dB down. Likewise, 3 MTlz is 10.3 dB
down, 3.6 MHz is 17.6 dB down, and 4.2 MHz is so far
down we can’t measure it. This response measured on a
scope is from the same set used for the photo in Fig. 3.
Response to VIT's shown by our scope connected to the
picture detector will appear similar to Fig. 6 with a
normal color receiver.

Effect of the I.f. Response

The most often asked question concerning VIT’s is,
“What sort of response should a normal color set have
as measured by the multi-burst?” To answer this, let’s
do some digging.

The multi-burst is applied to the picture carrier at
the transmitter as amplitude modulation. Each group of
multi-burst frequencies will form sidebands at the fre-
quency of the picture carrier plus and minus the multi-
burst frequency. Since the TV transmitter uses mainly the
upper sideband ( carrier plus modulation frequency), we
can forget the lower sideband. As the TV signal is passed
through the receiver’s tuner it is converted to the if. fre-
quency range and also flipped over frequency-wise due to
the conversion action of the tuner. The picture carrier
frequency is now 45.75 MIlz regardless of which channel
is being received (if the fine-tuning control is adjusted
right).

Imagine a TV station transmitting on channel 4. The
picture carrier is at 67.25 MHz, the color sub-carrier is
at 70.83 MIlz, and the sound carrier is at 71.75 MHz.
This is upper-sideband transmission because the picture,
color, and sound information show up at higher frequen-
cies than the picture carrier. This channcl-4 signal is sent
to the tuner input from the antenna, where it is amplified
and heterodyned with the r.f. oscillator.

The r.f. oscillator is on 113 MHz when receiving chan-
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nel 4. 113 MHz minus 67.25 MHz, the picture carrier fre-
quency, comes out to 4575 MHz. This is now the fre-
quency of the channel-4 picture carrier as sent on to the
i.f. amplifier. The r.f. oscillator frequency, 113 MHz,
minus 70.83 MHz, the color sub-carrier, comes out to
42.17 MHz, the frequency of the color sub-carrier in the
i.f. amplifier. Likewise, the sound carrier at 71.75 MHz is
converted to 41.25 MHz. If the multi-burst at 2.0 MHz,
for example, is being transmitted, it will appear i in the
i.f. amplifier at 43.75 Mz,

After many decibels of amplification in passing through
the i.f. amphﬁc our channel-4 signal reaches the picture
detector and is converted back to the same form it started
with at the studio: video frequencies. Next, the video
amplifier amplifies the TV signal in video form suffi-
ciently to drive the picture tube.

The i.f. amplifier of the receiver has a great effeet on
the over-all frequency response. Fig. 7 is the familiar i.f.
response curve of an ideal color-TV receiver. Note that
the picture carrier and the color sub-carrier are both
down by 6 dB.

Ixpressed in fractions of the maximum amplification,
orin terms of voltage as would he seen on an oscilloscope
screen, the curve of Fig. 7 would look something like
FFig. 8. The picture carrier and color sub-carrier would
be half-way down the curve, but the frequencies around
the lower skirts of the curve would be compressed to
almost nothing, so that a representation of the trap action
would be lost. In effect, putting this curve in decibels
instead of percentage amplification shows more of the
interesting details. One more point: 6 dB is a factor of
two only when talking voltage. When talking power, the

magic number is 3 dB to show half or twice power.

Referring again to Fig. 7, we see that the VIT’s multi-
burst frequencies of 0.5, 1.5, 2.0, 3.0, 3.6 (3.58), and 4.2
MHz will appear at 45.25, 44.25, 43.75, 42.75, 42.17 and
41.55 MIz, respectively.

These multi-burst frequencies will come from the pic-

Fig. 7. L.f. amplifier response of modern color-TV receiver
showing placement of VIT‘'s multi-burst medulation.
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ture detector at full strength at 1.5 and 2.0 MHz, down
slightly at 3.0 MUz, down 6 dB at 3.6 MHz, and down
28.5 dB at 4.2 MHz. Missed 0.5 MHz, you say? Well,
that'’s a special case. We said earlier that only one side-
band is used in our TV system. That is not quite true
because a second sideband is transmitted at frequencies
near the picture carrier. So these frequencies must re-
ceive less dmphﬁcation in the receiver to prevent these
“double-sideband” frequencies from humping up the final
response. This works out just right with the picture car-
rier set at 6 dB down, and 45 MHz at or very near to
maximum amplification.

We can sum up by saying that the frequency response
of a properly operating and aligned color-TV set at the
output of the picture detector will be flat from below 0.5
MIlz to about 3 MHz. At 3.6 Mz the response will be
down about 6 dB, and at 4.2 MHz the response will be
down far enough to allow us to forget it. The r.f. tuner
response is supposed to be sufficiently wide and level on
each channel so that the response of the rest of the set
will not be changed. ( Editor’s Note: The video amplifier
is between the picture detector and CRT cathodes; it
handles the hrighiness component of the signal and af-
fects picture resolution. Hence, it should have a fairly
wide response. The chroma section also has an effect on
the response but only for the color signals applied to the
CRT garids. This portion of the receiver need handle only
sideband frequencies up to 0.5 MHz, or at the most 1.5
Mz, and need not be discussed when considering pic-
ture resolution.)

This leaves only the video amplifier to further affect
results. Ideally, this part of our set will not upset the
response cither. However, such is not usually the case.
In designing color sets for home use, much thought is
given to what the majority of customers will consider a
“pood” picture. With local live telecasts and a strong
sienal into a viewer’s set, full advantage may be taken
of the response available. But, with a slightly snowy

Fig. 8. Same response as Fig. 7 except expressed as per
cent rather than dB. This is how curve appears on scope.
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picture and a movie from 1940 being programmed, there
will be a revolting mess. Wide frequency response will
bring out cvery flaw in the whole chain, from dirty and
scratched film and noisy preamps at the studio, to snow
from an over-aged antenna and lead-in, overshoot and
ringing in the receiver, and dozens of other possible
problems.

With these responses in mind, most set designers tailor
the response of their video amplifier to produce a picture
sharp enough to satisfy the average set buyer, but not so
sharp that pictures appear grainy. As an added feature,
several sets now appear with resolution, or sharpness,
controls. This control lets the customer adjust the sharp--
ness (frequency response) of his set to suit himself.

Actual measurements on several sets show over-all
responses to be typically down from 1 to 5 dB at 1.5
MHz, 1 to 7 dB down at 2 Mz, 8 to 14 dB down at 3
MHz, and 15 to 29 dB down at 3.6 MHz. These responses
are all compared to 0.5 MHz. On paper this kind of droop-
ing response appears terrible, but the scts that were mea-
sured were late models, and all had very acceptable
pictures.

Use of VIT’s in Troubleshooting

The idea for rapid localization of trouble is to observe

This will localize trouble to a point either before or after
the detector. If the multi-burst is not normal at the de-
tector, check VIT’s on other channels. If all channels
appear about the same, the trouble is in the i.f. amplifier.
If some channels look okay, you probably have tuner
or antenna-system troubles. Don’t overlook the chance
of the antenna system causing “holes” or tilted responses
on some channels.

Say that we have a set on the benceh with a very bleary
looking picture. Hooking our scope to the picture de-
tector output shows VIT’s to be about normal except that
the burst at 2.0 Mz is way down compared to the
bursts on cither side. This suggests an if. trap is detuned
into the passband, chopping out frequencies about 2
MHz below the picture carrier frequency. Switch to
another channel carrying VITs. If the same thing is
scen, then our reasoning is right, and the i.f. amplificr
requires realignment. If the poor response at 2 MHz is
not seen on other channels, maybe an FM trap at the
tuner input is misadjusted, causing a bite on only one
channel. Other traps at the input of the set could simi-
larly be misadjusted or faulty.

If the VIT’s response at the detector output is normal,
the trouble will be in the video amplifier. Look for open
peaking coils, off-value resistors, solder bridges across

set response at the picture detector first by use of VITs. foil patterns, ete. o
TESTS
TEST
SHORTS GAIN LEAKAGE FWD & REV, | VOLTAGE-CURRENT PRICE
MFR. MODEL (ves, no) TYPE & RANGES | TYPES & RANGES (ves, no) J RANGES $(K=kit) REMARKS
B&K 162 yes a.c. beta lero, loro, loes yes 0—2V 99.95 In-circuit or out-of-circuit
1-5000 0—1A 210mA Tests triacs, SCR's, UJT’s
FET'S.
EiCO 443 yes d.c. beta leno, leko yes 0-—-1400V 99.95 Out-of-circuit only
0-500 1pA—1A 0—1A 69.95(K) Curve tracer with scope.
Also zeners, SCR’s.
680 yes d.c. beta leso, lcko yes 0-50V 49.95 Can be used as v.o.m.
2--300 0-500mA 0-—-500mA 34.95(K)
HEATH IM—36 yes d.c. beta IcBo, IcEo yes 1.5—150V 90.00
0-400 15uA 15uA—15A 60.00(K)
IT-18 yes d.c. beta leso, Iceo yes 1.5V 26.95(K)
2-1000 5000uA 4mA
IT-27 yes d.c. beta Iceo yes 3.0V, 3mA 6.95(K)
HICKOK 870 yes beta 300 leso—10mMA yes 5mA, 200mA, 2A, 5V 425.00 Built-in roll chart
890A yes beta 200 lero—50uA yes 1.5V, 3V, 4.5V, 10mA 235.00 In-circuit
JACKSON 810 yes a.c. beta 500 leo—5000uA yes 2mA 89.95 In- or out-of-circuit
LECTROTECH TT—250 yes d.c. beta 500 lcso—5mA yes 6Vd.c., 2Va.c. 89.50
RCA WT—-501A yes d.c. beta lcso—2uA yes 1.5V @ 1mA 66.75 Adjustable current
1-1000 lcpo—1A 10mA, 100mA, 1A J
SECO 260 yes beta lcpo—200pA yes 6.8V 69.50 Dynamic test for in-circuit
0—-1000 lcEo—100mA 1A
SENCORE TF-17 yes a.c. beta, G, lero, lcss yes 200uA, 2mA, 20mA 109.50 In- or out-of-circuit
1-500, 0--50,000 0—5000uA Also checks FET's
TF—151 yes a.c. beta, G,, lero, lass yes 200uA, 2mA, 20mA 129.50 In- or out-of-circuit
1-500, 0—50,000 0--5000uA Also checks FET's
TR—115 yes d.c. beta tcro—50mA yes 3v 2495 Qut-of-circuit only
TR-139 yes a.c. beta 2500 lcpo—5000uA yes 2mA 89.50 In- or out-of-circuit
FT—155 yes Gm 0—50,000 lass—0—200uA yes 50mA 94.50 FET’S only
SIMPSON 650 yes d.c. beta tco—100pA yes 100uA 41.00 Qut-of-circuit only
0-10, 50, 250 Adapter for Model 260
TRIPLETT 2590 yes d.c. beta Icso, Icro yes 71.00
5-100 1ImA
3490A-2 yes a.c., d.c. beta 600 Icso, lco, lcro yes 0-—-120V 441.00 Also checks FET'S, tetrodes
h parameters 6mA 0—-3A
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FREE!

e Deluxe Color TV ... The sets
you’'ve heard and read about that
give better performance yet cost
no more; six models: 295, 227, &
180 sq. in. rectangular; with or
without AFT:; all with exclusive
built-in self-servicing aids for best
pictures always; custom, wall or
cabinetinstallation; optional wire-
less remote controls. Also new
Heathkit antennas, towers, and de-
luxe 12 B & W portable TV,

e Stereo/Hi-Fi Components .
Transistorstereoreceivers (includ-
ing the world famous Heathkit
AR-15), amplifiers, tuners, speak-
ers, turntables, cartridges, fur-
niture,

¢ Transistor Organs Deluxe
19-voice ~"Paramount’” and low
cost 10-voice Thomas models in
kit form with instant-play " Color-
Glo”’ keys — save up to $500. Also
Percussion and Rhythm accesso-
ries.

e Music Instrument Amplifiers
... 20, 25 & 120 watt amplifiers
for lead and bass instruments ; dis-
tortion boosters, headphone amps,
plus mikes and stands.

¢ Home Equipment. .. Intercoms,
table radios, garage door openers,
portable radios and phonographs,
home protection systems.

¢ Shortwave Radios Multi-
band shortwave receivers, solid-
state and tube-type, portable and
AC operated.

e Amateur Radio Equipment ...
World’s most complete line of SS
transceivers, transmitters, receiv-
ers, and accessories.

e Citizen’'s Band Radio . . . 5-watt
fixed and mobile transceivers, kit
or assembled.

e Test and Lab Instruments . .. A
complete line of meters, genera-
tors and testers for shop, school,
industrial and hobby use.

o Scientific Instruments ... In-
cluding Berkeley Physics Lab,
Malmstadt-Enke instrumentation
for spectroscopy, analog/digital
equipment, pH meters, recorders.
e Home Study Courses ... Basic
kit-courses in electronics, radio,
and transistor theory. Application
kit-courses on how to use meters,
generators, and oscilloscopes.

¢ Photographic Aids ... Darkroom
computers for B & W and Color
printing; electronic timer; color
developing trays.

¢ Radio Control Electronics ...
For modelers, NEW Heathkit R/C
gear including transmitters and
receivers (choice of 3 bands) ser-
vos, tachometer.

e Trail Bikes ... For off-street
use, the Heathkit Trail & Snow
Bike ; outstanding performance at
low cost.

e Marine Electronics. .. Forsafety
and pleasure; radio-telephones,
direction finders, depth sounders,
weather monitors, and accesso-
ries.

¢ Automotive Electronics . . . For
hobbyist and professional, new
Heathkit 3-in-1 Tune-up Meter,
Ignition Analyzer Scope, Tachom-
eter, accessories.

1970 EDITION

World’'s Largest
Electronic Kit Catalog
New 1970 Edition...Over 300 Kits For Every Interest, Save Up To 50%

FACYORY MAIL OFDER
CATALCG 810,70
CopytighEY969 Haath Corgmay

the space age fobby,
Over 300 ditterent hits—
world's largest astection,

J'v '
i

Learn how you can build sophisticated electronics at 50%

savings . ..

no special skills needed, famous Heathkit instruc-

tions show you how, free technical consultation available . ..
enjoy the fun and satisfaction of building the best

[ ———————— HEAT:H:KI'I"-
I a Sch/-wbe/—g;;—;;bsidia/y -=
MAI L | HEATH COMPANY, Dept. 196-67 |
[ Benton Harbor, Michigan 49022 1
| Please send FREE Heathkit Catalog |
CO U PO N { Name _— '
| (please print) I
NOW! ™= o
n | |
| City — S State Zip |
e e mr CL-363 |

CIRCLE NO. 10 ON READER SERVICE PAGE



PHILCO 20KT40B/41B

COLOR-TV CIRCUIT

This new hybrid chassis is part of Philco-Ford’s new “‘T" line for this year. The
chassis uses an 18-in picture tube in a compact, portable configuration. Some
models that use this chassis include Models C4540TBE, C4550TWA, C4560-
TWA, and C9260TWA. This circuit is similar to the 19KT40 chassis except
for some component values and differences in the tuners that are employed.

-50v P-P H -45v P-P H

-

8.3v P-P M =17V P-P H

LOOSE 358
“coupLep M @ v PP

-400V P-P H -y pep 358 -100V P-P H

W :

@-570V P-P H

@'BOV P-P H
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Golor
TV
for

1970

By FOREST H. BELT

There are more solid-state components
including IC’s in the new models. Here's
a complete roundup of all new color sets

and their various circuit innovations.

tically broken the long chain of yearly increases in
color TV sales. The number of sets sold seems to
have hit a plateau. Here’s the statistical picture:

1964 — 1.4 million color sets sold

1965 — 2.7 million

1966 — 4.7 million

1967 — 5.2 million

1968 — 5.8 million

1969 — 5.7 million (est.)

At press time, final figures for the year aren’t in. But
the trend is fairlv well established.

Sales through 1969 were emratic, that is, seasonal pat-
terns of prior years meant little. Week by week, as the
year progressed, sales went above normal, then below,
then high again, then low again. Seasonal forecasts be-
came tough.

By mid-July, one thing was obvious: 1969 would be
disappointing in over-all sales of color TV. Big yearly
gains were apparently at an end.

Market saturation can’t be blamed, at least not di-
rectly. True, 97 percent of all U.S. homes have televi-
sion of some sort. But only 32 percent (a little higher
now) had color last July.

Some analysts say the actual market for color is satu-
rated. It’s a matter of prices. Color sells best to middle-
and upper-income groups. That market is near its limit
— is in fact becoming a second-set market. That explains
the popularity of portable color sets. But medium- and
lower-income families still wait for an under-$100
color set. They'll have a long wait.

Others who study the color-sales picture blame 1969’s
“poor” showing on bad publicity. Servicing, warranty,
x-rays — all got bad headlines. Worst was the x-ray
thing. It ran out of hand until late in the year. That’s
when the Bureau of Radiological Health finally did two

T HE year just past — the last of the sixties — has prac-
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things: (1) Established standards and procedures for
measuring x-radiation from color TV receivers, and (2)
concluded there is no danger to the average viewer
from normal color-set radiation.

But newspaper stories had taken their toll. Doubt —
and even outright fear of damage to eyes, skin, unborn
offspring, and health in general — kept prospects away
from showrooms. Unfair and unnecessary though it was,
the x-ray worry had a real dampening cffect on color-
TV enthusiasm. And it continues into 1970.

Extra effort has gone into planning color sets for
1970. Prices aren’t lower, but aren’t much higher either.
More meaningful, selling prices for color TV are rising
much slower than for other consumer goods. Inflation
is rolling along, but it isn’t affecting color TV.

Instead of skimping and trying to lower prices for
1970, manufacturers — especially lesser known ones —
have piled on innovations to woo the hesitant buyer.
Some chief attractions are discussed in this article.
Solid-state is the big word; and simplicity of operation
is probably next in importance, giving rise to lots of
automatic circuits. Finally, extra attention is being given
to safety, dependability, and case of servicing.

There’s extra promotion effort, too. There are lots
more brands, as the chart shows. Heavy advertising
budgets are planned by those who'll discuss it. Some are
even boasting about it, to boost enthusiasm among
dealers (und attract more).

Designers cater to every need, real or created, they
can think of. There’s almost every screen size (except,
oddly enough, for those two favorites of long ago, 17
and 21). There’s 9, 11, 12, no 13 of course, 14, 15, 16, 18,
19R (formerly 2l-inch-round), 20, and 23. A 10-inch
is expected.

(Editor’s Note: The above are all actual diagonal pic-
ture sizes, which are apt to be an inch or two smaller
than the diagonal measurement of the entire picture-
tube faceplate, as designated in the tube type number.
This is in accordance with an FTC ruling, which also
permils picture size (o be given in terms of square inches.
For example, a 23-in picture is 295 sq in, a 20-in picture
is 227 sq in, an 18-in picture is 180 sq in, and a 14-in
picture is 102 sq in.)

So, what to expect for 19707 Technical features, we
know about. Sales are something else. Our educated
guess is that sales will hold about the same, maybe rise
just a little. It’s pointless to expect a revival of the boom
vears. So let’s say about 6 million sets will be sold in
1970.

Now, if vou're sclling or buying, here are some of the
things vou’ll run into.

The Trend Is Solid

Transistors are what’s happening this model year.
The trend is manifest in several ways. In the first place,
there are more hybrids — receivers that use several tran-
sistors in jobs formerly handled by tubes. Only about
40 percent of the color chassis listed in our 1969 model
chart (Electronics Installation & Servicing Handbook
1969, pages 22—23) were of hvbrid construction. This
year almost half (see Chart, page 70) are hybrids.

More significant, the hybrids this vear contain more
transistors than cver. In 1969 hybrids, transistors aver-
aged only 1S per set. In 1970 hybrid chassis, the average
is 22. There are correspondingly fewer tubes; they av-
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eraged more than 14 in 1969 hybrid models, fewer than
12 in 1970.

How come set makers stick with hybrids instead of
going all-transistor? For several reasons. Cost is the
most important. Semiconductor prices are lower than
ever and dropping steadily, but some transistors for color
still cost more than tube equivalents.

Another reason: It takes time and research to design
new transistor circuits —and some companies are far
behind others. With a basic hybrid design, tubes can
be replaced one or two at a time by solid-state designs.
The expensive or critical stages are kept with tubes:
horizontal sweep and high voltage, vertical sweep, video
output, color-difference amplifiers, blanker, and some
audio-output and sync-separation stages. The if. sec-
tions in hybrids are mostly transistor, but most v.h.f.
tuners are still tube versions.

Tooling up is another holdback on all-solid-state color.
It costs a lot of money to make drastic changes in as-
sembly lines and set-makers understandably hesitate.
The small improvement in performance and depend-
ability doesn’t sound glamorous enough to be salable —
except of course in models that would be high-priced
anyway.

In the meantime, an occasional transistor or two is
used in tube chassis. Some examples: Dozens of receivers
use a transistor or even an 1C a.f.t. stage.

The Arvin 60K34 chassis has a transistor second video
amplifier. Its 80K54 uses three transistors; one triggers a
light to signify need for fine tuning, and the other two
are audio amplifier and output.

In the Magnavox T940 chassis, predominantly a tube
design, five transistors are used in the unique new auto-
matic tint control (a.t.c.) board. (Editor’s Note: For a
thorough description of this automatic hue corrector see
Erectronics WorLp, September 1969, page 30, or the
condensed summary on page 69 of this Handbook.)

There are other examples. Motorola has a two-transis-
tor pincushion corrector stage in some versions of the
TS-921 chassis. Packard Bell uses a transistor for a noise
inverter and gate stage in the sync section of its CQ-634
chassis; three transistors are used in the CQ-622 chassis,
but no detailed information for this chassis was supplied.
Two transistors in the Westinghouse V8001 chassis, an
imported version since that company has decided to quit
making its own, are color killer and automatic chroma
control (a.c.c.).

Despite the trends, there scems little likelihood of a
grand rush to solid state. Instead, set designers and
manufacturers continue to peck away at the vacuum
tube, replacing it with transistors, integrated circuits, and
other solid-state devices as they become available in de-
pendable quantities and at practical prices.

New All-Transistor Color Chassis

You may recall that for 1969 there were only two tran-
sistor color-TV chassis. One was the Motorola “Quasar”
TS-915/919 chassis series, a modular design in which all
stages relating to a function are grouped on a plug-in
printed-hoard module; Motorola scooped the industry
back in 1967 with its introduction (for the 1968 model
year). For the 1969 model ycar, RCA brought out its all-
transistor CTC 40 (it has a tube h.v. rectifier).

For 1970 at least seven all-transistor sets are promised.

Motorola’s popular works-in-a-drawer chassis, the TS-

1970 EDITION

Fig. 1. The “‘Fast-Back’’ arrangement used by Motorola.

915 “briefcase” version, continues the same. The chassis
is laid out vertically and slides out to the front for easy
access to both sides of all the modules. The early TS-919,
which is electronically the same as the TS-915, was vir-
tually discontinued over a year ago; its flat-chassis
horizontal layout wasn’t as popular as the TS-915. How-
ever, a new idea in chassis accessibility, called the
“Fast-Back™” concept, has revived the TS-919. The con-
cept, shown in Fig. 1, was tried successfully with last
year’s TS-921 tube-type. It makes servicing as convenient
as with the “drawer” idea.

Also continued into 1970 is the now well-known RCA
CTC 40. Almost no changes have been made. Techni-
cians all over the country are at least acquainted with
this chassis, through an extensive program of seminars
and clinics carried on by RCA field engineers and dis-
tributors. The CTC 40 contains the most unusual inno-
vation of last year: a horizontal-deflection system using
silicon controlled rectifiers (SCR’s) as the main sweep
drivers. So far, no one has duplicated the feat. The sys-
tem works well as long as RCA hand-picked switching
diodes and SCR’s are used for any repairs.

The other five transistor color chassis promised for
1970 are from outside the U.S. Four are from Japan
and one from Canada. At press time, none of the five is
available in quantity. Two of the Japanese chassis are
from Hitachi, the only company which supplied data on
the new transistor chassis.

One Hitachi set is a 14-inch portable, the CIFA-450;
the other, the CWA-200, is a 12-inch. Both use ordinary
shadow-mask picture tubes, with color-dot triads ar-
ranged about the same as in larger screen U. S. color sets.

One difference between the CWA-200 and what you
might expect starts in the video i.f. amplifier section. See
Fig. 2. There are four video i.f. amplifier transistors. Two
of them amplify the entire video if. signal. However,
past the second, the signal is split up. One of the third
amps is aligned for a band-pass curve that accentuates
the 45.75-MHz i{. picture carrier and the vestigial side-
band frequencies for about 2.75 MHz below it — down to
about 43 MHz. Sound and chroma i.f. carriers are almost
eliminated by this i.f. stage. It feeds a video (or lumi-
nance, if you prefer) detector, which feeds video (Y)
signal to video amplifiers.

The other third video i.f. amp is aligned for a response
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43.0MHz 45.75MHz
REGULAR BAND-PASS
CURVES | RESPONSE CURVE
———— J
K
IsT 2ND 3RD TO COLOR
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A I.F. IF DETECTOR AMPS. AND CRT
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; z VIOEO SOUND BANO-PASS AMP_AND
42.17 MHz IR F 1t S BURST AMP.
e AMP. OETECTOR _l
RESIONSE -~ TO SOUND I.F. AMPS.

Fig. 2. Video section of Hitachi CWA-200 12-in set.

that accentuates both 42.17 and 45.75 MHz. The 42.17-
MHz frequency, as you probably know, is the i.f. “center”
for the color-subcarrier sidebands. This video if. stage
must also pass the 45.75-MHz picture carrier so the
subcarrier sidebands have something to “beat” against in
the chroma detector that follows. The 42.17-MTlz side-
bands become 3.58-MHz sidebands. From the chroma
detector, the sidebands go to bandpass amplifiers as in
any other color set.

The 41.25-Mllz i.f. sound carrier also gets through the
wide-band video i f. stage. In the chroma detector, it beats
with the 45.75-MHz i.f. picture carrier and creates a 4.5-
MHz intercarrier sound signal, just as in a conventional
video detector. { They don’t beat in the video detector
of this set because the narrow bandwidth of the i.f. stage
preceding that detector won't pass the 41.25-MH?z signal.)
The 4.5-MI1z signal accompanies the 3.58-MHz chroma
sidebands through the first band-pass amplifier and then
is taken off and fed to the usual 4.5-MTz sound i.f. ampli-
fier stages.

There isn’t much information available at press time
about the other two Japanese brands. Panasonic insists
it will have a 9-inch all-trunsistor color portable ready
for U.S. import early in 1970. The company has displaved
a prototype, but offers no other significant details.

Sony, too, has shown a few 12-inch color portables
using the unusuul Trinitron color picture tube. The
Trinitron uses shadow-mask construction, with grids in-
stead of holes. The color phosphors are deposited in ver-
tical stripes instead of dot triads. The tube has only one

Fig. 3. Transistor demodulator in Sylvania D12 chassis.
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gun but three beams. The set is to be solid-state. This is
the third year Sony has promised an all-transistor set for
U.S. sale; a few sets are in the country at press time.

A couple of other Japanese companies have talked
about a set, but have neither shown a set nor given de-
tails. Hayakawa is one; it has even described an on-
screen indicator for setting chroma hue accurately. None
of the sets was available at press time.

Clairtone of Nova Scotia, Canada, has shown a tran-
sistor color receiver that may be as big an event as the
Quasar was. The unique feature is modular construction,
The modules are in the form of circuit cards, similar
to those used in computers. These are about 6 inches
square, made of fiber glass, with etched wiring. The
chassis frame is oblong and horizontal, and the cards
slide into it vertically. The boards, eight of them, con-
tain 80 transistors and diodes and four integrated cir-
cuits. Clairtone spokesmen express high hopes the new
MSS 71 chassis will he available, in a cabinet with a 23-
inch picture tube, by early spring of 1970.

Features in Solid State

And then there are the many odds and ends of new
solid-state gimmicks. One example is several transistor
v.Lf. tuners. For 1969 only eight brands of color sets have
transistor v.h.f. tuners (wh.f. tuners have been solid state
since 1964 ). The 1970 Tincup shows 13 brands with tran-
sistor v.ILf. tuners in more than 30 chassis. That’s a
healthy increase. Here are the brands and the chassis
numbers:

Admiral — all K10 chassis

Broadmoor — all chassis

Clairtone —MSS 71

Llectrohome — C8

Hitachi — CWA-200, CFA-450

Magnavox — T936, 1947

Motorola — TS-915, TS-919

Packard-Bell — CQ-322, CQ-522, CQ-524
Panasonic — CT-23P, -24W_ -64P, -635\V, -991
Philco-Ford — all chassis

RCA — CTC 10, CTC 47 (2000 series)
Sylvania — D12

Toshiba — all chussis

Some of these tuners include a varactor diode or a
backward-biased transistor junction to control oscillator
frequency with a d.c. voltuge from the af.t. system in the
chassis.

The Electroliome CS8 chassis has a tuner that is com-
pletely varactor-tuned. A finger-resistance-activated di-
ode switching system permits touch tuning: a fingertip
between a terminal and bus bar triggers tuner logic cir-
cuits, which in the blink of an eye tune the set to the
desired channel. There are terminals for all twelve v.h.f.
channels; six additional ones permiit a choice from among
six pretuned whf. channels.

A special diode-switehed transistor tuner is used in a
limited-run RCA called the “20007 series, using the CTC
47 chassis. The chassis is put into a fancy cabinet with a
special high-brightness color CRT, a special instant-
action remote-control system, and a price tag ol $2000.
The advanced technology is interesting. Only 2000 are
to be produced.

All of a sudden, several chassis sport transistor color
demodulators. In past years, demodulators have been

(Countinued on page 72)
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NEW AUTOMATIC TINT CONTROL FOR COLOR-TV

properly adjusted color-TV receiver is a joy to behold. But

when people’s faces turn sickly green or garish purple,
the owner of an expensive color set begins to have doubts
about his receiver’s performance. In a good many cases, how-
ever, the fault is not with the receiver but with the transmitting
station. The user can tell that the station is at fault if he can
get good colors and the proper flesh tones much of the time.
Once his set is properly adjusted, the user has every right to
expect the colors to stay that way. But let a commercial come
on, or let the program director switch cameras, and some-
times the people look as though they came from another
planet—with greenish or magenta or purple faces.

A new automatic tint control (a.t.c.) circuit in the Magnavox
top-of-the-line colors sets recently introduced does a good
job of keeping the flesh tones the proper hue at all times.

The reason for the hue change is slight changes in phase
of the chroma signal as transmitted by the color station.
It doesn’t take too many degrees of phase change to alter
a hue from yellow-orange to magenta or greenish-yellow.

Transmitting stations are hard at work to minimize the hue
changes that occur when switching cameras or when going
to film or video tape. But it requires experienced, careful
technicians with a very good color sense to set up all the
cameras just exactly right and to make sure that film and
video-tape units produce precise skin colors even though the
original colors on the film or tape may not be quite right.

The new Magnavox a.t.c. circuit is able to correct phase
errors of up to =30 degrees of the proper flesh hue. No doubt
other set manufacturers are working on their own a.t.c. cir-
cuits, but the Magnavox circuit is the first we know of in
actual production receivers.

The receiver with a.t.c. has a three-position front-pane!
switch marked “Off,”” “Partial,” and “Full’”’ correction, along
with a rear-panel control marked ‘“Preference.” The user
simply switches the a.t.c. to Full and adjusts the Preference
control for the shade of fiesh tones he prefers. {Most viewers
in California, for example, like to see their people a little
more suntanned than viewers in New York.) Then the auto-
matic circuit will operate to keep the flesh tones at the pre-
ferred setting at all times.

The company recommends that the a.t.c. switch be left
in the Partial position for normal viewing. The circuit is still
effective over the same 30 degrees of phase except that
the correction voltage produced is about half as large. This
prevents too much color compression around the yellow,
orange, and red phases that might reduce the proper color
range to be reproduced at these hues. Colors that are more
than 30 degrees from orange (which is 57 degrees from burst)
are not affected at all by the a.t.c. circuit.

The circuit itself consists of four transistors, a pair of
diodes, and various R, C, and L components all mounted on a
small printed-circuit board in a metal box attached to the
tuner mounting assembly. The circuit is located between the
bandpass amplifier and the color demodulators (Figs. 1 and

Fig. 1. Block diagram of automatic tint control circuit.
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Fig. 2. Schematic of a.t.c. circuit showing two gating and
one switching transistor which alter the phase of the chroma
signal by applying a correction signal to the base of the Q4
chroma amplifier. The uncorrected chroma signal is applied
to the emitter of this transistor, whose output is the vector
sum of these two signals. The various LC circuits are for
phase-shifting. Diode D1 allows switching transistor Q1 to
conduct only during the positive peaks of the c.w. signal,
while D2 clamps the base bias voltage of Q2 and Q3 t0 0.6 V
above ground. This assures that the positive portions of the
low-level chroma signals forward-bias the gates during sam-
ple time. D.c. voltage for the circuit is derived from cathode
of vertical-output tube via resistor and zener (not shown).

2). The chroma signal, before being demodulated, is a
3.68-MHz sine wave whose amplitude and phase vary in
accordance with the saturation and hue of the transmitted
scene. This signal is applied to the chroma amplifier. Also
applied to this amplifier is a 3.58-MHz correction signal from
the a.t.c. circuit. The total output to the demodulators is then
the result of the two inputs and is phase-corrected for varia-
tions in skin tones.

In order to make sure that only those hues that influence
flesh tones are altered, a pair of gating transistors are used
in conjunction with a 3.58-MHz switch. Phase-shifting circuits
are used to make sure that gating occurs at exactly the
proper phase of the chroma signal. The gates are turned
“on’ and “off” by the switch which, in turn, is turned “on”
and “off” by a phase-shifted X-axis c.w. signal. A yellow
chroma signal produces maximum output from the yellow
gate and low output from the red gate. A red chroma signal
produces maximum output from the red gate and low output
from the yellow gate.

The output signal from the yellow gate passes through
a phase-shifting network and is applied to the chroma am-
plifier to correct flesh tones which appear yeliowish or green-
ish. The output from the red gate is phase-shifted in the
opposite direction and applied to the chroma amplifier to
correct flesh tones which appear reddish or magenta. When
the skin colors are correct, the correction signals from both
the yellow and red gates are equal and opposite and cancel
each other. Therefore, the chroma signal passes through the
chroma amplifier unchanged.

The “on” times for the gates are very short since the switch
conducts only on the positive peaks of the c.w. signal. When
this occurs, both gates are turned on by completing the
emitter circuits of Q2 and Q3 through the now conducting
switch Q1. While the gates are turned on, the chroma signals
applied to the bases of the two gating transistors must also
be positive to produce an output from the collector circuits.
Chroma signals that affect flesh tones (between yellow and
magenta) are positive-going during sample times and hence
correction signals are produced. On the other hand, blue,
cyan, and green chroma signals are negative-going at this
time, so no correction signal is produced for these colors. @
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(Continued from page 68)

limited to tube versions of several types, and a few kinds
of diode demodulators.

One transistor demodulator is shown in Fig. 3; it’s in
the Sylvania D12 chassis. Chroma sidebands are applied
to both bases in parallel, or in the same phase. The 3.58-
MHz c.w. signal from the reference oscillator is applied
to the emitters, but it is phase-shifted about 80 degrees
by C1-L2 before it is applied to Q2.

Here’s what happens. The high-amplitude c.w. signal
applied to the emitters drives each transistor as a
grounded-base amplifier. The output, in the collector
circuit of each, is a large-amplitude 3.58-M1z signal.
Remember, though, the signal across R9 is 80 degrees
out-of-phase with the signal across R8. Chroma sidebands
in the base circuit of cach “modulate” the 3.58-MHz c.w.
signals. The outputs are different, however, because of
the phase difference in the c.w. signals.

The mixed signals are smoothed out by a low-pass
filter in the output of each demodulator stage. All r.f.
products of the mixing are eliminated, and the demodu-
lated chroma signal is passed along to the color amplifier
that follows. The coupling capacitors in Fig. 3 are C4
and C6. The signals in Q1 produce, after filtering, a red
or R-Y signal; the signals in Q2, since the c.w. has an
80-degree phase difference, produce a blue or B-Y signal.

Small portions of the color signals are fed back from
the collector to the bases of the two demodulators. This
is done Dy resistors R10 and R12. A sample of R-Y signal
is phase-shifted by C7 and L5 and fed to the G-Y ampli-
fier by C5.

Other chassis have transistor X-Z demodulators, too.
All Broadmoor color chassis and the Philco-Ford 19FT60
chassis use circuits similar to the one just described. The
demodulation angle may vary slightly, but is chosen to
render best color for that chassis. The Admiral K10
chassis have transistor demodulators, too, working on the
R-Y and B-Y axes. There’s almost no difference in oper-
ation.

There’s something different in the Packard-Bell 98C21
and 98C22 demodulators. They have field-effect transis-
tors — dual-gate FET’s, in fact. They’re shown in Fig. 4.
The c.w. signal goes directly to gate 1 of Q2, but is phase-
shifted by L1-C3 before it gets to Q1. The chroma side-

Fig. 4. Demodulator in Packard-Bell’s 98C21 and 98C22
employs dual-gate field-effect transistors as shown here.
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Fig. 5. Zenith color demodulator uses integrated circuits.

bands are applied to gate 2 of both FET’s, equally and
in the same phase. Operation is the same as in Fig. 3.

All Zenith chassis for 1970, except the 16ZSC19, have
an integrated circuit for the color demodulator. The IC
is a Fairchild wA737. Operation is very much like the
BLLS type of beamn-switching demodulator. The diagram
is shown in Fig. 5.

One set of switching amplifiers inside the IC receives a
3.58-MHz signal through C1 and terminal 5. Their job is
to switch a pair of differential amplifiers alternately on
and off at the 3.58-MHz rate. Phase-shift network L1-
C2-L2 alters the phase of the 3.58-MHz signal applied
through C3 to terminal 4 of the IC. This phase-shifted
signal goes to unother set of switching amps, which con-
trol a second pair of differential amplifiers.

Chroma signals are applied to terminals 2 and 3 of the
IC, with both sides balanced to ground. Inside the IC,
the chroma sideband signals are applied to the two pairs
of differential amplifiers in parallel, in the same phase.
Since the halves of the differential amps are being alter-
nately switched off and on at 3.58 MHz, their outputs are
a product of mixing 3.58-MHz signals with the chroma
sidebands. The r.f. is eliminated.

What remains is a demodulated color signal. From the
differential amplifier that gets the c.w. signal directly, a
B-Y signal is developed. From the one that gets the phase-
shifted signal through terminal 4, an R-Y signal results.
A resistive matrix inside the IC extracts a G-Y signal, too.
Each color-difterence signalis amplified by a single-ended
transistor amplifier inside the IC and brought to an ex-
ternal terminal. B-Y comes to terminal 9, R-Y to terminal
8, and G-Y to terminal 7. Resistors R4, R5, and R6 are ex-
ternal load resistors for the color-difference amplifiers.

The 3.58-MHz signal is naturally eliminated in this
balanced-type demodulator. However, a rather strong
second harmonic is generated near 7.2 MHz. That's the
reason for trap chokes L3, L4, and L5 in the output cir-
cuits.

I'teld-clfect transistors, which we've already mentioned
in the Packard-Bell demodulator stage, are new to color
TV. We know of only two other chassis that use FET’s.

The r.f. amplifier in the RCA CTC 40 is a dual-gate
field-cffect transistor. Its circuit is simple — see Fig. 6.
The dual-gate FET is like two FET’s in “cascode.” The
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r.f. signal is applied to gate 1, and is amplified. A d.c.
voltage on gate 2 is for gain control of the r.f. amplifier.
Notice that gate 2 is decoupled by 1000 pF of capaci-
tance, but the coaxial capacitor at gate 1 is only 5 pF —
part of the input tuning.

The other chassis that has an FET is the Admiral K10,
The ficld-effect transistor is a reactance control stage for
the 3.38-MHz oscillator. The dual-gate units in the RCA
above are insulated-gate FET’s or IGFET’s. The one in
this Admiral chassis is a junction FET, or JFET. There’s
a diagram of how it’s used in Fig. 7

In eflect, the n-channel of the JFET is in series with
the 220-pF capacitor. The d.c. voltage on the gate, com-
ing from the burst phase detector, controls effective
resistance of the channel. When it’s low, the capacitor
loads down the crystal, altering its frequency slightly.
When it’s liigh, the capacitor has little affect on the crys-
tal. The stage’s nominal effect on frequency of the c.w.
oscillator is set by the Reactance Adjust control in the
source circuit of the JFET. It merely sets the bias voltage
between gate and source.

Speaking of new solid-state technology being used in
the 1970 color chassis, the Broadmoor sets have some-
thing that is a first for color sets, as far as we can deter-
mine. There are no tuned circuits in the sound i.f. system.
A diode detects the 4.5-MHHz intercarrier as usual, The
signal is then passed to an extremely high-“Q” ceramic
filter and coupled by the filter to the integrated circuit
that is the sound i.f. amplificr. Another 4.5-MHz ceramic
filter follows the IC. It’s a special one, with a capacitance

tap between the ceramic clement and ground. A pair of
back-to-back diodes are connected to the tap for phase
detection of the FM sound.

A fairly recent solid-state device is the integrated cir-
cuit. In 1969, of 63 chassis surveyed, 16 had integrated
circuits. This year we surveved 97 chassis and found 27
with IC’s. On a percentage basis, that's very little in-
crease. Iixcept for a little initial glamor, IC’s haven’t
added much to color TV,

The fact is, it is no more — and often less — expensive
to do the job with other solid-state components. Only
13 that we know of use 1C’s. They are: Andrea, Arvin,
Broadmoor, Clairtone (with four IC’s in one chassis),
Heath, Hitachi, Magnavox, Motorola, Packard-Bell,
Philco-Ford, RCA (first brand to use IC’s in color sets and
with six in one chassis this year), Sylvania, and Zenith.
The circuits in which IC’s appear are: sound if. and

Fig. 6. The r.f. amplifier in RCA’s CTC 40 is a
simple circuit with dual-gate field-effect transistor.
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Fig. 7. Admiral uses JFET in reactance control stage.
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Fig. 8. Ring phase detector in Packard-Bell 98C21.

discriminator, sound i.f. alone, color demodulator, a.f.t.,
3.58-MHz oscillator, and remote receiver. One tuner-
maker has an integrated-circuit tuner for v.h.f., but no
set-maker has put it into a receiver yet. The future for
IC’s in color-TV looks slow, at hest.

Lots of Automatic Features

One problem among set owners is that they don’t know
how to operate a color set. If fine tuning, brightness,
contrast, color, or hue is set wrong, the picture doesn’t
look right.

The answer is to have the set make all those adjust-
ments for itself. And so, 1970 color chassis are loaded with
automatic circuits and stages to take the effort out of
color-TV watching. These include automatic brightness
limiter (a.b.l), automatic fine tuning (a.f.t.), automatic
chroma control (a.c.c.), and automatic degaussing cir-
cuits (a.d.c.).

And last, but far from least, is an automatic tint con-
trol (a.t.c.) pioncered this year by Magnavox. It senses
phase of chroma signals that cause flesh tones on the
picture tube. If demodulator phase drifts a few degrees
one way or the other, the a.t.c. corrects the error. It does
this even if the error is in the chroma when the signal ar-
rives at the set.

Top billing among all brands goes to automatic fine
tuning, or a.f.t. The basics are the same as ever. The a.f.t.
gets a 45.75-M1z signal from the third video i.f. A tuned
45.75-MHz amplifier feeds a discriminator centered at
that frequency. The discriminator senses any frequency
drift from preciselv 45.75 MHz, and produces a d.c.
error voltage. That’s fed back to the tuner, where it
works on a varactor diode that is part of the oscillator
tuning circuit. The oscillator is thus kept exactly 45.75
MHz away from the station picture carrier.

The af.t. in the Packard-Bell 98C21 has an unusual
error-sensing circuit. Instead of a standard discriminator,
this one has a ring phase detector — called “ring” for the
wayv the diodes are wired. The circuit is shown in Fig. 8.
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Fig. 9. Late runs of the Admiral 4K10 chassis employ a
negative-temperature-coefficient thermistor for degaussing.

A transistor amplifies the 45.75-MHz signal. The ring
input transformer is a simple two-winding type. Its out-
put is applied to the diode ring at two opposite corners.
A matched pair of 47-pF capacitors form a divider across
the transformer. Signal from the top of the transformer
primary is fed to the center tap of the capacitive divider,
which gives it a quadrature (90-degree) phase shift with
respect to the secondary signal. In effect, there is a quad-
rature signal fed in parallel to both sides of the ring phase
detector at the same time a push-pull signal is being ap-
plied at the input “corners.”

The ring circuit is balanced when the frequency of the
signal is exactly at 45.75 MHz, because both diodes con-
duct the same. Any shift in signal frequency upsets the
balance. The signal entering the center tap of the capaci-
tance divider is phased differently at the ends, compared
to the secondary signal. One diode conducts more than
the other. The normally zero voltage at the output “cor-
ner” of the ring detector shifts either positive or negative,
depending on direction of the frequency shift. The
amount of d.c. output voltage depends on how far the fre-
quency shifts. Output filter network C3-R3-C4 smooths
the resulting d.c. correction voltage and keeps i.f. signal
from the tuner a.f.t. lines.

Automatic fine tuning is popular. At least IS manufac-
turers have it, for over 40 chassis. Some that don’t have
it offer an alternative, such as a meter or an “eye” to help
the viewer know when fine tuning is set properly.

Automatic color control is old hat, although its im-
portance is often overlooked. Its job is to level out any
variations in chroma sideband signal. The demodulators
need a fairly steady chroma sideband signal. A.c.c. senses
the amplitude of the color syne burst and develops a
gain-controlling d.c. voltage which it applies to a band-
pass or chroma amplifier stage.

Automatic deguaussing circuits (a.d.c.) aren’t new
ecither. But there are a couple of unfamiliar ones in 1970
chassis.

One degaussing circuit, in the HHitachi CWA-200, op-
erates as the set is turned off. Special degaussing con-
tacts on the power switch close when the set is turned
off. They apply a.c. power to the degaussing coil through
a thermistor. At first, current — and demagnetizing ac-
tion — is large. But the current heats up the thermistor
and reduces the current through the series circuit; de-
magnetizing dwindles. Equilibrium current is very low.

Automatic degaussing in late runs of the Admiral 4K10
chassis is based on the use of a special negative-temper-
ature-coefficient thermistor. As vou can see in Fig. 9,
part of the circuit is an ordinary thermistor, with positive

74

temperature coefficient. The dual unit, with the negative
coeflicient, is actually two thermistors in a single case. As
power-supply current flows through R1A, it heats up
R1B, connected across the degaussing coils. R1B gets
lower and lower in resistance, finally so low it bypasses
all current around the coils. Meanwhile, the positive-
coeflicient thermistor resistance is increasing — enough
to keep the coils from being a low impedance across the
power line.

Then there’s the automatic brightness limiter (a.b.l.).
It keeps beam current in the color picture tube from be-
coming so high it saturates the phosphor and causes
blooming.

Motorola has had an a.b.1. in its transistor chassis since
it was introduced. High beam current loads down the
horizontal sweep circuit, through its relationship to CRT
high voltage. The a.b.l. stage senses the change and con-
verts it to a d.c. bias. The correction voltage goes to the
brightness-control transistor, then to the video drivers
and outputs, and finally to the CRT cathodes. Beam cur-
rent is reduced enough to kecp the picture from bloom-
ing. The secret is to set the a.b.l. adjustment for no bloom-
ing with highest video (white picture content).

In the Hitachi CWA-200 transistor chassis, an a.b.l.
stage protects the horizontal-output transistor from too
much loading. A diode at the grids of the CRT (all three
G1’s are tied together) conducts if beam current goes
beyond a certain value. The slight current thus generated
is passed through a large-value resistor. The voltage
across the resistor is applied to the output transistor and
damper circuit stage and opposes conduction there
enough to avoid overload.

The anomatic tint control (a.t.c.) invented by Mag-
navox has already been mentioned. (See page 69.)

The Armchair Viewer

Remote controls have been around too long to really
be news. LEven that solid-state “wonder,” Motorold’s
Memory Module remote system without motors on the
controls, is more than a year old but still in the line this
year.

One new remote-control idea is the search tuner. It
sweeps the uh.f. and v.h.f. spectrum, stopping only when
it finds an active channel.

An example is the Magnavox Instant Automatic Re-
mote Control. The heart of it is one little printed board
with circuits that drive the motor of v-h.f. or uh.f. tuner
on and on, stopping only on a station signal. If there’s
no station on the air, an automatic shut-off stops the whole
operation. The board is called the search and auto-off
board.

For v.h.f. a 40-kHz remote signal trips a relay that ap-
plies power to the tuner motor. A latching system, part
of which is a search relay with contacts normally closed,
keeps power applied and the motor turning. When the
tuner reaches a station, circuits on the board open the
search relav contacts, stopping the motor.

For uhf. a 43-kHz signal actuates an up-relay. It
applies power to the up winding of a bidirectional motor.
The tuner dial moves up-frequency. When the motor
reaches the top limit, a reversing switch shifts power to
the down winding. Direction reverses again at the bot-
tom limit. A 41.5-kHz signal from the remote transmitter
operates the down relay, making the initial movement
down-frequency.
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You can trace the main functions of the search and
auto-off board in Figs. 10 and 11. When a TV station
signal is picked up by whichever tuner is operating, the
45.75-MHz i.f. picture carrier is coupled to the search
and auto-off board. A tuned transformer applies the sig-
nal to a diode and filter. The resultant d.c. goes to the
base of Q1, the if. gate. If the u.hf. tuner is searching, a
a delay voltage from Q10 keeps transistor Q1 cut off
when there is no signal; that voltage must be overcome by
the rectified voltage from the diode when a signal is
picked up.

Meanwhile, syne signals are applied to the search and
auto-off board, too. A tuned transformer doubles their
frequency and couples the 31.5-kHz signal to Q3. Since
Q3 is in series with Q1, both transistors have to be active
to operate search relay K1. Thus, both sync and i.f. signal
have to be present to pull the contacts of K1 open.

The power contacts at the top of Fig. 10 belong to
function relays in the remote-control receiver. Depend-
ing on which relay closes, a.c. is applied to one motor
winding. Either D1, D3, or D4 rectifies the voltage, and
applies it to C8 and K2; the capacitor smooths it out to
about 28 volts d.c. If D4 is rectifying, because the v.h.f.
motor is active, D2 blocks the d.c. from the u.h.f. side
of the system. Relay K2 is a muting relay and part of a
u.hf. latching circuit (not shown) that works with the
reversing switches.

With a motor turning its tuner, the first station signal
encountered applies both i.f. and syne to the board in-
puts. Q1 and Q3 operate K1 and remove power. The
tuner stops on-station, and the recciver’s a.f.t. system
fine-tunes the signal precisely.

The automatic-off operation is dingrammed in Fig.
I1. A tap on the 31.5-kHz transformer (Fig. 10) fecds
the auto-off section. The regulator on-off system operates
from a 38.5-kHz remote signal. The signal fires Q208
and steps RL204, RL204 is a multiple-step relay, and if
the set is on, it keeps cycling until the off position is
reached.

Silicon controlled switch (SCS) Q2 is wired to operate
RL204 when the SCS turns on. The SCS gate remains
at 15 volts as long as the SCS is uicscent. Large-value
capacitor C11 charges slowly from the 200-volt line
through resistunces R1 and R3. Left alone, the charging
time is about 80 seconds.

Transistor Q4 amplifies incoming sync pulses when a
station is present. Diode D5 lets the amplified negative-
going pulses throngh to buck the normally positive volt-
age at the anode of the SCS. The SCS can'’t fire as long
as this keeps up, because the charge on C11 never gets
high enough; it is regularly discharged by the negative
pulses.

Without syne, C11 continues charging undisturbed.
So, if no signal is found by the tuner, voltage on C11
finally builds up to the 15-volt firing potential of the
silicon controlled switch. ( An SCS fires when its gate and
anode are at the same potential.) Q2 fires, the gate goes
to ground potential or nearly so, and RL204 operates,
turning the receiver off (or steps once each time the SCS
fires, until it reaches off position).

Magnavox has no corner on u.h.f. search systems. Sev-
eral other set-makers have them. Another that stands out
is in a limited-ran RCA chassis, the CTC 47. When the
v.h.f. selector is in its channel-1 position, a motor drives
the wh.f. tuner up and down the band until a signal is
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encountered. A group of circuits in the special remote-
control system utilize sync, a.g.c,, and aft to sense
when a signal is tuned in, and stop the motor. The af.t.
does the final precise tuning.

This is part of an RCA remote system that has simi-
larities to Motorola’s non-mechanical one. Memory mod-
ules supply voltages to the main chassis to control color
gain, hue phase, and volume. The memory modules are
controlled by signals from a 10-function remote-control
transmitter.

Unique to this RCA chassis is a switchless v.h.f. tuner.
It and its remote switching are too complex to cover in
detail, but here are the highlights. Selecting a channel is
a matter of applyving 16 volts to one of the 13 channel-
activating input terminals of the tuner. Inside the tuner,
the voltage forward-biases a group of switching diodes
that comnect inductors and capacitors (not varactors)
for the channel chosen. On the remote control boards,
logic switching carries out an electronic search opera-
tion that stops on the v.h.f. station that has been dialed
by the viewer. This search is finished in a fraction of a
second, so tuning appears instant,

With the cry about x-radiation ringing loudly in their
ears, engineers have just about wiped out the main pos-
sible source: shunt-type high-voltage regulators. Of 95
chassis, only 22 have shunt regulators (last year about
half did). And some of those have hold-down circuits that
prevent high voltage from becoming too high even if the
shunt regulator fails.
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Fig. 12. Simplified version of
Arvin pulse-load regulators.

Most sets today use pulse-type high voltage regulation.
Anything which controls the amplitude of flyback pulses
in the deflection yoke also controls high voltage. A feed-
back pulse from the flyback transformer is rectified and
the negative d.c. applied to a potentiometer. The pot
applies just the right amount to the horizontal output grid
to control its gain. The pot can thus set the desired
high voltage (which usually depends on CRT size).

If high voltage goes up for anv reason, more pulse
reaches the pulse rectifier (sometimes a voltage-depen-

This is in an Arvin 60K34 chassis. The plate connection
is direct to the flyback winding; the cathode connection
is through the efficiency coil and C1. The tube plate
impedance loads down the flyback transformer. Plate
impedance is determined by bias on the control grid.

Bias depends on how much pulse voltage reaches the
voltage-dependent resistor (VDR). Pulses are applied
trom the flyback winding by C2. The VDR is part of a
divider — comprising R3, R2, R1, and the VDR — be-
tween the 600-volt boost line and ground. Rl applies
part of the voltage to the grid of the 6GY5 pulse-load
regulator tube.

Imagine the high voltage going down. The flvback
pulse amplitude goes lower, reducing VDR resistance.
That develops less positive voltage at all points in the
divider, because there is less resistance to ground. So the
voltage at the slider of R2 is lower. With the control grid
of V1 less positive, the tube loads the flyback winding
less.

If the high voltage goes higher, the VDR resistance
increases because of the higher flyback pulse. More posi-
tive ¢grid bias lets V1 conduct more. That loads down the
winding and reduces the pulses to normal amplitude.

The Olympic CT-400 uses a 6BQ5 beam pentode as a
pulse-load regulator. However, there’s no VDR to sense

Fig. 13. Pulse-load regulator used in Olympic receiver.
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There’s another tvpe of pulse regulator. Forms of it oI .,_‘:Z)mengMCK
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CAL. HARMONICS |  ouTPUT cALIB. | aupio
FREQ. RANGE MODULATION | PROVISION | ACCU- |oyTpuT
(FUNDAMENTALS)[ NO. OF|  FREQ. |NO. OF|voLTage| 2z FREQ. FOR | Racy PRICE
MFR. MODEL (MH2) BANDS | (MMz) | BANDS| (V) © (H2) EXT. MOD. [ (%) | voLTs | s(k—kit) REMARKS
CONAR 280 17060 6 - 05 50 400 no 1 2 4395
29.95(K)
EICO 324 150145 6 110-435 1 10 high 400 yes  +15 10 4495
32.95(K)
330 10054 5 - 03 50 400 yes +2 — 7985  Solid-state
59.95(K)
HEATH 16-42 100--30 5 - - 01 50 400 yes -3 —  6195(K)
16102 .100—100 6  100-220 1 01 50 400 yes +2 10 29.95(K)
KNIGHT-KIT  KG—650  .160-112 5 to224 - 04 - 400 yes +3 10 29.95(K)
KG—686  .100-54 5 . - 012 50 400 yes  +15 14000 Solid-state
79.95(K) Built-in xta! calibrator
PRECISION  E-200C  .088—110 10 110-440 3 10 50 400 yes <1 80 149.95  Built-inav.c. supply
RCA WR—50B  .085-40 6 -~ ~ 005 high 400 yes 2 8 65.00  10.7-MHz, 455-kHz
sweep outputs
TRIPLETT 34324 160110 7 68-220 1 - - 400 . 144.00
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the changes. Instead, the cathode is returned to “B+" and
the control grid ties to a divider across boost. Anything
that lowers high voltage also reduces boost. The result:
less-positive bias and less loading by the tube; the ampli-
tude of the flyback pulse returns to normal, and so does
high voltage.

Toshiba’s C6A chassis has a 23JS6A tube in virtually the
same arrangement. The 12A12C52 Zenith chassis has a
stage something like the Arvin described above, but
with a thermistor instead of a VDR,

A really odd one is in the Hitachi CWA-200. A special
saturable reactor is included in the collector circuit of
the horizontal-output transistor. The greater the pulse
amplitude, the more average d.c. current the transistor

a whole bookful of excellent suggestions for testing and
repairing the modules. Clairtone has a similar idea that
will work well if they provide sufficient information for
technicians all over the country, as Motorola has. Sylvania
broke the barrier to in-home service on transistor receiv-
ers by plugging transistors into sockets; they can be tested
and substituted as simply as a tube, now.

More companies need to change their thinking in chas-
sis layout and design. That will lower costs for owners,
without chiseling service shops out of a fair and honest
profit or technicians out of « decent wage. And think of
the dollar= that would be saved on in-warranty repairs.
We hope our report next year can name a lot more manu-
facturers who have made color TV chussis easy and in-

draws — it’s the nature of that class of transistor amplifier.

The reactor begins to saturate. It
becomes less efficient in coupling
energy to the flvback transformer,
and high voltage drops to normal.

Two things are generating heat
among manufacturers, service tech-
nicians, and customers this vear. They
are: warranties and serviceability.
There are at least three sides to the
story, with no real answers visible
vet. Now, a fourth side is added—that
of the government “consumerists.”

The trouble over warranties began
because buyers couldn’t understand
the terms. Government decided cus-
tomers aren’t getting the kind of prod-
ucts or guarantees they should have.

Take warrantiecs. Demands range
from merely clarifying the wording
to at least 2 years” warranty—cover-
ing all faulty parts, all labor to re-
place them, and all transportation
and shipping that relates to making
the warranty good. That latter notion
will probably win out, too—with the
time limit perhaps onlv a vear. An-
other vear or two will tell.

But a warranty has no value un-
less there are competent people to
make whatever repairs become nec-
essary. That’s a constant problem in
most parts of the country. Techni-
cians in the field blame the more
and more complex chassis, with parts
in hardly accessible locations. This
isn’t an idle complaint. You have only
to open the backs of some of the chas-
sis mentioned in this article and
listed in our chart; some sections can-
not be reached for anything, even
minor testing, without time-consum-
ing and annoying disassembly.

A lot has been done through 1969
to train more and better technicians,
and more will be done in 1970. But
the best over-all gains are the con-
struction improvements that sim-
plify servicing. Motorola has taken
a long stride with the modular con-
cept; the company has also prepared
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expensive to repair. Set-buyers will love them. @
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and pulsating
color pictures.

A collector’s item for every
creative photographer, WOMAN is
now published twice a year.
This brand-new 128 page Fall-
Winter edition includes

such outstanding features as
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of nude photography in an art
school by photographer/instructor
Ralph Hattersley
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* Valuable technical dataon
camera, lighting, exposure time
and shooting technique used for

each and every photograph

For the connoisseur of great
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Japanese

Trade-Name Directory

A listing* of the most popular Japanese transistor radios and hi-fi equipment,
along with the addresses of U.S. representatives offering sales and servicing.

BRAND NAME

AGS

AKAI
AIRCASTLE
AIRLINE
AIWA

AIWA
AMBASSADOR
AMD
ASTROTONE
AUTOSONIC
AZTEC
BRADFORD
BRENELL
CIPHER
CORONET
CRAIG
CRAIG
CROWN
DELMONICO
DEMPA'
DENON
EBNER
ELECTRA
ELECTROPHONIC
ESSEX
EVERPLAY
FLEETWOOD
GLOBE
GRANADA
HIGHWAVE
HITACHI
JADE, REALTONE
JVC
KENWOOD

LLOYDS
MASTERWORK
MAYFAIR
MERCURY
MIDLAND
MIRANDETTE
MITSUBISHI
NATIONAL
NIVICO
ORION
PANASONIC
PENNCREST
PIONEER
PLAYTAPE
RANGER
REALISTIC
REMBRANDT
RHAPSODY
ROBERTS
ROSS
SANSUI
SANYO
SATELLITE
SHARP

SONY

SONY/SUPERSCOPE

STANDARD
SUPEREX
SUPERSONIC
TEAC
TECHNICORDER
TELMAR
TOSHIBA
TRUETONE
UNICORD
VISCOUNT
VISTA

WILCO

COMPANY

Sterling Hi Fi Inc., 22-20 40th Ave., Long Island City, N. Y,

Camart Products, 1845 Broadway, New York, N. Y.

Spiegel Inc., 1061 W. 35th St., Chicago, llI.

Montgomery Ward, 619 W. Chicago Ave., Chicago, .

Rand Assoc., 1270 Broadway, New York, N. Y.

Selectron International, 4215 W. 45th, Chicago 60632

Allied Stores Purchasing, 401 Fifth Ave., New York, N. Y.

World Mark Electronics, 663 Dowd Ave., Elizabeth, N. J.

Lafayette Radio Electronics, 111 Jericho Turnpike, Syosset, N. Y. 11791

Martel Electronic Sales, 2339 S. Cotner Ave., Los Angeles, Cal. 90064

Aztec Sound Corp., 2140 S. Lipon, Denver, Colo. 80228

W. T. Grant Co., 1441 Broadway, New York, N. Y.

Fen-Tone International, 106 Fifth Ave., New York, N. Y.

Metric TV Parts, 65 Lexington Ave., Passaic, N. J.

Arrow Trading Co., 5 West 26th St., New York, N. Y.

Cardinal Elect., 5069 Broadway, New York, N. Y.

Craig Corporation, 2302 E. 15th St., Los Angeles, Cal.

Industrial Suppliers, 755 Folsom St., San Francisco, Cal. 94107

Delmonico International, 50-35 56th Rd., Maspeth, N. Y. 11378

Delta International, Ltd., Box 1946, Grand Junction, Colorado

Nippon Columbia (Corp. of America), 501 Fifth Ave., New York, N. Y. 10017

Fen-Tone International, 106 Fifth Ave., New York, N. Y.

Electra Radio Corp., 30 W, 23rd St., New York, N. Y. 10010

Electrophonic Corp., 92-00 Atlantic Ave., Ozone Park, N. Y. 11416

Lloyd's Electronics Corp., 59 N. Fifth St., Saddle Brook, N. J. 07662

Gulton Industries, 212 Durham Ave., Metuchen, N. J.

Transworld Industrial Corp., 5204 Hudson Ave., West New York, N. J.

GC Electronics Co., 400 S. Wyman St., Rockford, IlI.

Fried Trading Co., 423 Bedford Ave., Brooklyn, N. Y.

Marvel International, 30 E. 42nd St., New York, N. Y. 10017

Hitachi Sales Corp., 48-50 34th St., Long Island City, N. Y. 11101

Realtone Electronics, 34 Exchange Place, Jersey City, N. J.

JVC America Inc., 50-35 56th Rd., Maspeth, N. Y. 11378

Kenwood Electronics Inc., 3700 S. Broadway Place, Los Angeles, Cal. 30007;
69-41 Calamus Ave., Woodside, N. Y. 11377

Lloyd’s Electronics Corp., 59 N. Fifth St., Saddle Brook, N. J. 07662

Masterwork Audio Products, 51 W. 52nd St., New York, N. Y. 10019

Artic Import Corp., 666 W. Kinzie, Chicago, Ill. 60610

Mercury Record Corp, 35 E. Wacker Dr., Chicago, Iil. 60601

Midland International Corp., 1909 Vernon St., North Kansas City, Missouri 64116

Allied Impex Corp., 300 Park Ave. S., New York, N. Y,

Mitsubishi International, 277 Park Ave., New York, N. Y.

Panasonic, 200 Park Ave., New York, N. Y, 10010

Delmonico International, 50-35 56th Rd., Maspeth, N. Y. 11378

Orion Electric Co., 1199 Broadway, New York, N. Y. 10001

Panasonic Parts & Repair, 43-30 24th St., Long Island City, N. Y.

J. C. Penny, 1301 Ave. of the Americas, New York, N. Y.

Pioneer Electronics USA Corp., 140 Smith St., Farmingdale, N. Y. 11735

Playtape Inc., 1115 Broadway, N. Y. 10010

Tenna Corp., 19201 Cranwood Pkwy., Cleveland, Ohio

Radio Shack Corp., 730 Commonwealth Ave., Boston, Mass.

All Channel Products, 47-39 49th St., Woodside, N. Y.

B & B Import-Export, 15755 Wyoming Ave., Detroit, Mich, 48238

Roberts Electronics, 5922 Bowcroft St., Los Angeles, Cal. 90016

Ross Electronics Corp., 589 E. lllinois St., Chicago, Ill. 60611

Sansui Corp., 34-43 56th, Woodside, N. Y. 11377

Sanyo Electric Co., 350 Fifth Ave., New York, N. Y,

Best of Tokyo, 11 W. 42nd St., New York, N. Y.

Sharp Electronics Corp., 178 Commerce Rd., Carlstadt, N. J. 07072

Sony Corp. of America, 47-47 Van Dam St., Long Island City, N. Y.

Superscope, 8150 Vineland Ave., Sun Valley, California 91352

Standard Radio Corp., 36-09 39th Ave., Woodside, N. Y. 11377

Superex Electronics, 4 Radford PI., Yonkers, N. Y. 10701

Spiegel Inc., 1061 W. 35th St., Chicago, 1!l

Teac Repair Center, 404 Jericho Turnpike, Syosset, N. Y.

Oki Electric industry Co., 202 E. 44th St., New York, N. Y.

Martel Electronic Sales, 2339 S. Cotner Ave., Los Angeles, Cal. 90064

Toshiba America, 477 Madison Ave., New York, N. Y. 10002

Western Auto Supply, 2107 Grand Ave., Kansas City, Mo.

American Geloso, 251 Park Ave. S., New York, N. Y,

Consolidated Merchandise Corp., 520 W. 34th St., New York, N. Y. 10001

Craig Corp., 2302 E. 15th St., Los Angeles, Cal, 90021

Sanyo Electric Co., 350 Fifth Ave., New York, N. Y.

*For a more complete list of Japanese consumer electronic products, write Electronics Div., Japan Light Machinery Information Centre, 437 Fifth Ave., New York

10016.
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1 Publishers of Japanese television schematic diagrams,
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Antenna
System
for
Your
Home

By RICHARD A. LINNERT / Engineering Mgr.
Systems Products Div., The Finney Co.

A single antenna can serve a number
of TV and FM sets. Here are the hook-ups
that can be used for home MATV systems.

ITH the advent of color television and the
w availability of low-cost black-and-white sets,

we now have millions of homes in need of an
antenna to feed a color set, the black-and-white set,
and possibly a small portable TV, as well as an FM
tuner for the hi-fi system. Many homeowners are try-
ing to accomplish all this with the antenna that has
served the original black-and-white receiver for many
vears.

The solution to the problem of multi-set operation
in the home is the MATV, or Master Antenna Tele-
vision, system. This is a system where a single antenna
or, if needed, a group of antennas used with appropri-
ate hardware and amplifiers, can provide the neces-
sary signal to feed several sets.

For many years, we have used such systems to sup-
ply television signals to the many TV-antenna outlets
in hotels and motels as well as in apartment buildings.
By reducing the complexity of such a large system and
therefore reducing cost, we can apply this technique
in an individual home. With today’s solid-state ampli-
fiers we can create a system for the home which is
effective in performance and low in cost.

In past years, virtually all television was trans:
mitted on channels 2 through 13, the v.hf. television
band. Today, reception should be on the basis of
82-channel operation, in which all v.h.f channels—2
through 13 plus FM—and all the uw.hf. channels—14
through 83 are received. Although every channel is
not available in your area, it is necessary to design a
system so that it will require no modification as any
new channel, either v.h.f. or u.h.f., comes on the air.

1970 EDITION
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Therefore, in planning any installation for the home,
it should be an all-channel system.

Antenna & Distribution Wiring

No picture anywhere in the system will be any
better than that which can be received at the antenna.
Therefore, we must use an antenna which is properly
designed to give top performance on all channels, as
well as provide for the reduction or elimination of
snow and ghosting. If we start with the premise that
we will use the best possible antenna and pay reason-
able attention to hooking up the system, there is cer-
tainly no reason why we should not have an excellent
picture at any desired location in the home. The out-
put from the antenna is connected to an r.f. ampli-
fier unit which amplifies the signal and distributes it
by wire to the various antenna outlets in the rooms
of the house.

Let us for a moment look at the wire which we will
use to distribute the signal from the amplifier to the
outlets throughout the house. Regular, flat 300-ohm
twin-lead, which has been used for antenna installa-
tions for many years, is quite satisfactory for v.hf.
channels 2 through 13 and has reasonably low losses.
The greatest drawback to its use is the lack of shield-
ing which allows the line to pick up interference from
local sources (as well as picking up a slightly delayed
signal from the station) and transfer it to the TV set
where it appears as noise or interference, and possibly
ghosts, on the screen. In most normal installations, flat
twin-lead has extremely high losses at uw.h.f. frequen-
cies and should not be used.

Shielded 300-ohm transmission line overcomes the
disadvantages of the older type twin-lead. It has sig-
nificantly less loss at u.h.f. in a practical installation
and is shielded to prevent the pick up of interference.

Foan-filled 82-channel coaxial cable has the shield-
ing advantages of shiclded twin-lead plus being only
approximately Vs-inch in diameter and therefore
easier to handle in crowded areas. It does, however,
require the use of a transformer to match the 75-ohm
unbalanced cable to the 300-ohm balanced input of
the TV set. Also, if a 300-ohm antenna is used, a sec-

Fig. 1. Use of matching transformers for coax cable.
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HIGH-GAIN

ANTENNA
2 OR 4-way
PASSIVE
SPLITTER
I g S ¢ —1
TV TV
LA Al L4

NO GAIN. FOR LOCAL RECEPTION ONLY

Fig. 2. Simplest, non-amplified system for local signals.

ond transformer is required at the antenna to convert
to 75 ohms for the coaxial cable (Fig. 1). These cause
some additional losses in the system but the over-all
convenience and excellent shielding of the coax more
than make up for this. Also, if an amplifier is used in
the system, coaxial cable losses become unimportant.

The Various Systems

Now let us consider the basic systems that might be
used to feed multiple sets in the home. The simplest
system (Fig. 2) would consist of an appropriate
antenma, the necessary lead-in line to bring the signal
from the antenna into the attic crawl-space or other
central location, and then a two-way or four-way
splitter to divide the signal with a separate line to
each set. This is by far the least expensive system. Tt
is, however, restricted to areas where there are strong
signals to provide adequate signal to each set after
being divided for the different receivers. If vou live
more than 35 miles from the TV station, it is doubtful
that satisfactory operation of the TV sets could be
obtained using splitters alone, even with a high-gain
antenna. Additional uw.h.f /v.hf splitters would be
needed at cach receiver to divide the signal into these
two bands for the two separate sets of input terminals.

In installing the splitters, pick a central location
that keeps the transmission line as short as possible
between the antenna and the splitter and the splitter
and all TV sets. When using unshiclded line, care
must be taken so that it does not run close to metal
ducting, water pipes, or wiring for the house power
circuits. Use of stand-ofl insulators, wherever pos-
sible, is recommended.

Fig. 3 shows an amplified splitter tvpe of system
that would be used in those arcas wherce a slight in-
crease in signal level is needed to make up for the
loss in the cables to each set and for splitting losses.
This type of svstem would be desirable for the
suburbs or in near-fringe areas. An a.c. outlet is re-
quired to power the amplifier. Here, again, have the
amplifier as centrally located as possible.

The typical amplified splitter used in such a system
produces approximately twice as much signal at each
output s it reccives from the antenna and has a built-
in splitting device which generally consists of four
outputs. The four-output system might easily, under
most circumstances, be cxpanded to six- or eight-
outputs by the addition of two-way splitters.

Fig. 4 shows the third basic system which is a com-
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bination of a preamplifier and the amplified splitter.
The system is used in areas where there is not enough
signal available to operate the amplified splitter. This,
of course, means that this type of system would be
used in fringe and far-fringe reception areas. This sys-
tem should not be used in suburban or metropolitan
areas.

Again, as in the previous systems, we start off with
an antenna appropriate to the area and the preampli-
fier mast- or boom-mounted at the antenna. Bring the
lead-in line down to the remote preamplifier power
supply, which would be located near an a.c. power
source; transfer the signal from the preamplifier to
the amplified splitter; and distribute the signal as
before.

Other Accessories

Wall-outlet plates are available to meet the me-
chanical requirements of the installations as well as
electrical convenience. Wall-outlet plates with built-in
transformers which have coaxial cable coming in from
the back and a 300-ohm output for sct use are also
available. In addition, “straight-through” types of
wall plates may be had, in 300-ohin and 75-ohm cable
versions. Wall plates that will mount flush on the
dry-wall surface, as well as those which mount direct-
ly on the surface and extend outward, are on the
market.

Finally, a hehind-the-set splitter or splitting device,
which divides the v.h.f. and u.h.f. so that they may be
fed to the indicated terminals on the back of the TV
set, is needed. This splitting device is availuble for
300-ohm lead or coaxial-cable feed. In the case of the
coaxial-cable type splitting device, a matching trans-
former as well as a whf-vhf dividing network are
available in one small package which fits on the back
of the television set.

Whether there is a uh.f. channel on the air in your
locale today or not, there will be one or more soon.

HIGH-GAIN

ANTENNA
AMPLIFIER
COMBINE D
TC A.C. LINE ~+—o AMPLIFIER -
SPLITTER
- | o o |
| r 1 |
¥
v v 4 -WAY Tv v
SPLITTER

T ) 7 7 A}
SOME GAIN FORSUBURBS OR NEAR -FRINGE AREAS

Fig. 3. Use amplifier-splitter for suburbs and near-fringe.

Fig. 4. For highest gain use a mast-mounted preamplifier.

HIGH-GAIN
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MAST -MOUNTED
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REMOTE POWER SUPPLY FOR PREAMP

TO A.C. LINE
o

COMBINED AMPLIFIER-SPLITTER

[ T ‘ ) 1

TV Tv Tv v

T Ay 7 Al
MAXIMUM GAIN. FOR FAR-FRINGE ARCAS

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



By installing an 82-channel system, you may look for-
ward to many vears of viewing and listening. Recently,
wiring kits which include all the necessary material to

available by several manufacturers at a very nominal
cost. These kits have complete instructions, the necessary
tools, and diagrams to make the job simple and straight-

install a four-outlet system in the home have been made  forward. 4
VERTICAL CHANNEL HORIZONTAL CHANNEL
DIRECY CRT
INPUT T INPUT 2 SWEEP SIZE PRICE
MFR. MODEL FREQ. RESP. SENSITIVITY | (MQ—pF) | FREQ. RESP, SENSITIVITY | (MQ—pF) RANGE (in) | $(K—kit) | REMARKS
B &K 1450 5Hz—5.5MHz 25mV,yms/in 3-47 2Hz—750kHz 0.5Vims/in 5-30 5Hz--500kHz 5 279.95 Vectorscope
Intermit. analyzer
CONAR 250 10Hz—4 5MHz 23mVems/in 1-30 20Hz—250kHz 1.0Vems/in 3-20 10Hz—500kHz 5 139.50
99.95(K)
EICO 427 d.c.—500kHz  3.5mVinms/cm 1-30 2Hz—450kHz 0.15Vems/cm  10—40  10Hz—100kHz 5 139.95 Auto sync.
99.50(K)
435 d.c.—4.5MHz 18mV,ms/cm 1-35 1Hz—-500kHz 0.7Vems/cm 4-40 10Hz—-100kHz 3 169.95 TV V&H sweeps
119.95(K)
460 d.c.—4.5MHz 5mVems/Cm 3--35 1Hz—400kHz 0.24V,;ns/Cm 5-35 10Hz—100kHz 5 13995 TV V&H sweeps
9.95(K)
465 d.c:—10MHz 12mVems/cm 1-35 d.c.—1MHz 17mVyms/cm 1-35 10Hz—100kHz 5 249.95 TV V&H sweeps
179.95(K)
HEATH 10--14 d.c.—8MHz 50mV,,.,/cm 1-15 d.c.—200kHz 1V,.p/cm 0.1~ 0.5s/cm to 5 399.00 Triggered sweeps
Ius/cm 275.00(K)
10-17 5Hz—-5MHz 30mV,,_p/cm 1-25 2Hz—300kHz 0.3V,.,/cm 10—-15 20Hz—200kHz 3 79.95(K)
10—-18 3Hz—5MHz 25MVyms/in 3.3— 1Hz--400kHz 0.3Vems/in 4.9— 10Hz—500kHz 5 139.95 K Preset sweep fregs.
2.50(K)
HICKOK 677 5Hz—4.5MHz 40mV,ns/in 3-10 5Hz—-350kHz 0.25Vims/in 5-30 10Hz--500kHz 5 269.50
770A d.c.—4MHz 10mVems/cm 145 d.c.—500kHz 1IVems/Cm 2.2-25 0.5s/cmto 5 475.00 Triggered sweeps
lus/cm
JACKSON CRO-3 20Hz—5MHz 18mVems/in - 1.5-25  20Hz—100kHz 0.4Ves/in 1.1- 20Hz--50kHz 5 254.95 lWide or narrow band;
o or hi gain
KNIGHT-KIT KG—635 d.c.—5.2MHz 17mVems/in 3-35 1Hz—400kHz 0.6Vems/in 7-25 10Hz—400kHz 5 119.95(K) Probes extra
LEADER LBO--58C d.c.—-10MHz 10mVy,_,/cm 1--50 d.c.—300kHz 0.3Vyp/Cm 1-50 5 s/cn/1 to 5 375.00 Triggered sweeps
0.5us/cm
LBO—-31M  3Hz-1MHz 80mV,_p/cm 2— 30Hz-400kHz 2.5Vp.p/Cm — 10Hz—100kHz 3 99.00
LBO—-32B  d.c.—7MHz 10mV,,_,/cm 1-35 1Hz—-400kHz 0.3V,-,/cm 1-50 1Hz—-200kHz 3 189.50
LBO—-53B d.c.—10MHz 10mV,._,/cm 1-35 1Hz—-400kHz 0.3V,.p/Cm 1-50 1Hz—200kHz 5 229.00
LECTROTECH T0-50 d.c.—10MHz 20mV,_n/cm 1-30 d.c.—500kHz 0.5V,.p/cm 0.1-30 0.02s/cm to 5 329.50 Triggered sweeps;
0.2us/cm solid-state; vectorscope
V5 3 79.50  Vectorscope only
MERCURY 3000 10Hz—5.2MHz  4.6mVns/cm  2.7—-20  5Hz—400kHz 0.25Vrms/cm  3.2-20  5Hz—500kHz 5 179.95 Vegtorsgopsls connections
and graticule
PRECISION ES—550B 10Hz—-5MHz 10mVyms/in 2--20 10Hz—2MHz 0.1Vymy/in 2--22 10Hz--100kHz 5 289.95 Auto sync.
RCA WO0—-33A 5.5Hz—-5MHz 3mVyms/in 1-50 3.5Hz-350kHz 0.9Vrms/in 10 15Hz—75kHz 3 139.00 IWide rc]>'r narrow band;
o or hi gain
W0—-91C 10Hz—4.5MHz 18mVyms/in 1--40 10Hz—500kHz 0.18Vpys/in - 2.2—-30 10Hz—100kHz 5 269.00 Wider?.r narrow band;
lo or hi gain
SENCORE PS—148 10Hz -5.2MHz 17mVemg/in - 2.7-20 5Hz—400kHz 0.6Vrms/in 3.2-18 5Hz--500kHz 5 21950 Vectorscope connections|
SIMPSON 458 10Hz—5MHz 15mV,ms/in - 3.3-20  10Hz—300kHz 115mV,ms/in 14Hz—-250kHz 7 420.00 IWide rc])_r narrow band;
o or hi gain
466 15Hz—100kHz 30mVems/in - 0.5-35  15Hz—100kHz 0.7Vems/in 0.25—40 15Hz--80kHz 5 190.00
TELEQUIP- S51B/E d.c.-3MHz 100mV,.,/cm 147 d.c.—500kHz 0.1V,.,/cm 1-100 0.1s/cm to 5 225.00 Triggered sweeps
MENT lus/cm
(TEKTRONIX)
$52 d.c.—-3MHz 10mVp.p/cm 1-44 d.c.—3MHz 10mV,, ,/cm 1-44 0.5 s/cm to 5 490.00 X-Y scope; wide or nar-
lus/cm row band; lo or hi gain;
triggered sweeps
S54A/U d.c.—10MHz 10mV,,_,/cm 1-47 d.c.—1MHz 0.6V,.,,/cm 1-30 2s/cmto 5 435.00¢A) Triggered sweeps;
0.2us/cm 615.00(U) S$54U is battery-operated
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SYLVANIA

D12-9 to -16

COLOR-TV CIRCUIT
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The circuit shown is a “universal’’ diagram that is used for quite a few new
Sylvania models. All models include a.f.c., incorporate hybrid circuitry,
and are built around a 23-in picture tube, Chassis D12-11 includes remote
control with u.h.f. search. Chassis D12-12 and D12-14 are used in the
company’s home-entertainment unit, with the latter chassis including remote
control with u.h.f. search. Models using D12-9 and D12-15 are basic chassis

without remote control while D12-16 has remote control but without search.

@-IZOV P-P H —ISOV P-P H

-ISV P-P H @—IGV P-P H

@-IGV P-P H
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Antenna
Rotators
for TVand FM

By PAUL NORMAN

A survey of what's available along with
practical information on installing a

rotator for your television or FM antenna.

Fig. 1. Proper installation employing a thrust bracket.
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«€———MOTOR UNIT
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get sharp TV pictures or clean FM sound from all

the stations that put a usable signal in your area.
The reason is simply that the stations are located in sev-
eral different directions. If vou aim the antenna at one
station you get a poor signal from the others.

There are three ways vou can get good signals from
stations in different dircctions. The simplest is to use
an omnidirectional (or nondirectional) antenna. Unfor-
tunately, such an antenna has very little gain and is
therefore usable only in urban areas. Even in such high-
signal locations, an omni often doesn’t work well for
sterco FM or color-TV, because it is very prone to mul-
tipath pickup. That is, the antenna picks up not only
the direct TV or FM signal, but also signals reflected
from nearby buildings or hills. The reflected signals
cause ghosts to TV and loss of separation to stereo FM.

Furthermore, an omni can’t reject interfering signals
from other stations on the same or adjacent channels.
The only way to reject co-channel or adjacent channel
interference is to use a highly directional antenna, which
must be aimed carefully at the desired station. This is
also the only way to avoid multipath pickup.

Therefore, the second solution is to put up several
antennas. Suppose vou can receive 3 stations from the
northwest, and 4 from the east. You erect two antennas,
picking up 3 stations on one, and 4 on the other.

But this solution is rather expensive, as you must
erect two or more antennas and make two or more runs
of lead-in. And you have to switch antennas or buy a
combining network.

If station signals are weak in vour area, if you have
co-channel or adjacent-channel problems, or if you have
multipath trouble, vou will probably have to use a high-
gain, narrow-beamwidth antenna. Such an antenna must
be oriented very carefully toward the desired station,
and a compromise heading between two stations may
be poor on both.

. Therefore, the third solution is probably the most
practical in the above cases —a single antenna and an
antenna rotator. You can turn the antenna to each speci-
fic station direction as you change stations. You only
have to put up a single antenna, and make a single run
of lead-in. There’s an additional advantage: Sometimes
when a fived antenna is erected and oriented for best
picture in the fall or winter, the picture becomes snowy
in the spring or summer. Warm-weather foliage interferes
with the signal, especially at wh.f Often an antenna
rotator makes it possible for vou to re-orient the antenna
slightly for a usable picture.

AT many home receiving installations, it’s difficult to

Manual Rotators

Basically, there are two tvpes of rotators — manual
and automatic. In each case, there are two units. The
control unit is located at the receiver, and the motor unit
is mounted on the antenna mast, where it turns the
antenna.

Fig. 2 is a simplified diagram of a typical manual
rotator. The operating control is a bar. When vou depress
one end, the antenna turns one way. When you depress
the other end, antenna turns the other way.

When the control bar is depressed, either to the left
or right, it closes switch S1, applying power to power
transformer T1. S1 and S2 are ganged, so that depressing
the control bar also connects T1’s secondary winding
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Fig. 2. Simplified diagram of typical manual rotator.

B to cither of two sets of motor windings (L3-L4 or
L5-16) at the antenna. One set of windings turns the
antenna clockwise, the other, counterclockwise. You must
keep the control bar depressed to keep the antenna turn-
ing. Both S1 and S2 are normally off, so when you releasc
the control bar, the antenna comes to a stop.

But how to know which way the antenna is oriented?
That information is furnished by the indicator meter,
whose windings are shown as L1 and L2 in Fig. 2, con-
nected across secondarv A of transformer T1. Also
connected across this secondary is potentiometer R3,
mounted in the motor unit at the antenna. Note that
R3’s arm is connected to ground, or one side of secondary
winding B on T1. Note also that the junction of meter
windings L1 and L2 is connected to the junction of R1
and R2, which are across secondary B.

The arm of R3 is mechanically ganged to the motor
shaft, or the antenna mast. Thus as the antenna turns,
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T-45

Channel
Master
9512

RCA 10W707

are used for antenna rotators.

so does the arm of R3. By so doing, it varies the voltage
applied to the indicator meter, causing that meter to
deflect more or less. The meter dial is marked in com-
pass headings.

R1 is a variable calibration pot, so the meter can be
precisely adjusted to a known heading.

By the way, some manual rotators don’t have indicat-
ing meters. Some use lights marked “N-E-S-W,” and with
some you must simply turn the antenna for best picture
or sound.

Automatic Rotators

In Fig. 3 you sec a simplified diagram of a typical
automatic rotator. At the control unit, the operating con-
trol is a knob with un index mark, which turns around
a dial marked with compass headings. You simply turn
the knob to the desired compass heading, and the elec-
tric motor will automatically turn the antenna to that
direction.

When you turn the knob, the shaft closes S1, applying
power to power transformer T1. At the same time, the
shaft opens one side of S2, applying power to either of

Fig. 3. Simplified diagram of typical automatic rotator.
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two sets of motor windings, and turning the antenna
either clockwise or counterclockwise.

But pulsing switch S3 is in both motor-winding cir-
cuits. As current flows through S3, its contacts open and
shut. This pulsing action activates the solenoid at the
control unit, which turns a pawl across a ratchet in the
indicator switching assembly. When the antenna reaches
the desired direction, the pawl opens S1 and returns S2
to its center position. The antenna stops rotating.

Indicator lamp PL1 lights when S1 is closed, or when
you turn the control knob to a desired heading. When
the antenna reaches the desired heading, S1 is opened
and the indicator lamp goes off.

The Alliance C-225 “Tenna Rotor” is unique; it con-
tains a phase-sensitive bridge and two control transistors.
The circuit is all-electronic and uses no mechanical
switching. The operation of the cor trol unit is silent, and
the antenna orientation is controllable within 3°. This
particular feature is cspecially useful with sterco FM,
color-TV, and u.h.f.

Installing the Rotator

Table 1 lists the rotators which are generally available
today. Most require 4- or 5-conductor cable; representa-
tive types are listed in Table 2. It makes little difference
whether you use flat or round cabl

Length of the cable run is important, though. A single
#20 cable is good to about 125 feet; beyond that, wire-
resistance losses are too great and the rotator system
won’t operate properly. Two #20 cables paralleled are
good to about 250 feet. You can also use #18, a single
length of which is good to about 180 feet. Doubled, it’s
good to about 360 feet.

It's a good idea to use a thrust bracket, as shown in

CDE AR-22R

Alliance U-100

86

RCA 10W505

Fig. 1. The bracket takes the antenna load off the rotator.
Modern all-channel antennas are large and heavy, and
you won’t overwork the rotator by using a thrust bracket.
(Some motor urits don’t require this bracket, as they are
heavy-duty.)

Because of the motor unit’s weight, you should always
guy the antenne mast. Without the rotator, you might
be able to get by with a short mast and merely a couple
of chimney straps. But to be safe, when using a rotator,
use three or four straps and three guy wires. Anchor them
securely, using lag bolts. And be sure to waterproof the
bolt heads and holes with bathtub caulk or something
similar.

Try to do most of the work on the ground. Mount the
antenna, motor unit, and thrust bracket on the mast.

Before you climb the roof with the equipment, check
everything out on the ground, to discover any wiring
errors. Brace the mast, rotator, and antenna against a
fence, picnic bench, stepladder, or other safe support,
so it’s self-supporting and won't fall over. Then connect
the cable between the control unit and the motor unit.
Plug the control unit into the a.c. line and operate the
control. Make sure the antenna turns freely. Once you
get the assembly installed on the roof, correcting any
wiring errors can be a real hassle.

Don’t use more than 5 fect of mast between the motor
unit and the antenna; one foot is preferable. You cannot
guy the mast above the rotator, for it must be free to
turn. Most current TV and FM antennas have many
elements and constitute a fairly high wind load. Thus
you need a short mast to minimize wind-shear effect,
which could bend or break the mast.

Be sure you leave enough slack in the lead-in to allow
the antenna to rotate a full 360°. Mount your first stand-

Some typical motor units that ar¢ employed for antenna rotators.

CDE AR-10B
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Cable Sugg. List
Manufacturer Type No. Mode Required Price
C-225 Automatic 5-conductor $59.95
. U-100 Automatic 4-conductor 49.95
Alliance
T-45 Manual 5-conductor 39.95
K-22 Manual 4-conductor 29.95
AR-33 Automatic 5-conductor 79.95
CDE AR-22R Automatic 4-conductor 54.95
AR-10B Automatic 4-conductor 49.95
9512 Automatic 3-conductor 49.95
Channel 9513 Semi-automati 4-conduct 39.95
Master emi-automatic -conductor i
9503 Manual 4-conductor 39.95
RCA 10W707 Automatic 5.conductor 54.95
10W505 Manual 4.conductor 39.95
Manufacturers’ Addresses:
The Alliance Mfg. Co., Mahoning Ave. at Lake Park Blvd., Alliance, Ohio 44601
Channel Master Corporation, Ellenville, N.Y. 12428
Cornell-Dubilier Electronics (CDE), Division of Federal Pacific Electric Co.
50 Paris Street, Newark, N.J. 07101
RCA Parts and Accessories, 200 Clements Bridge Rd., Deptford, N.J.

Table. 1. A listing of antenna rotators that are currently available.

off on the mast while you've got it on
the ground, and tape the control cable
to the mast also. Then operate’the
control unit and swing the antenna
to be sure the lead-in clears.

By the way, when you attach the
rotator cable, twist the strands of each
conductor and tin them with solder.
This minimizes the possibility of a
stray strand shorting at the motor
unit terminals.

You'll need a helper to get the as-
sembly up on the roof. It probably
won’t clear a window, so use a rope
and haul it up.

After you've installed the mast, run
the lead-in and control cable down
the roof, wall, and into the house.
If you use any kind of unshielded
twin-lead, keep the lead-in and con-

you'll cause interference or ghosts in
the picture or noise in FM sound. If
you use shielded lead-in, you can tape
the cables together.

Most of the preceding advice also
applies to a tower installation, where
vou need height. You will still use a
short mast at the top of the tower,
but the motor unit should be no
more than a few inches above the
top of the tower, to reduce wind-
shear effects.

Once you've finished the installa-
tion, you will need to calibrate the
system. While you're up on the roof,
manually orient the antenna in a
known direction. For instance, you
might use a pocket compass to head
the antenna north. Then follow the
manufacturer’s instructions about cal-

trol cable at least a foot apart, or ibrating the indicator. ®
Manufacturer Approx. price
Wire type and No. per 100 ft
Flat 20 Belden 8463 $4.65
Columbia 5072
5-conductor
Round #20 Belden 8485 4.85
bi
Columbia 5082 Table 2. Four- and
Flat #20 Belden 8464 3.72 5-conductor cable
Columbia 5066 for rotator uses.
4-conductor Round #20 Belden 8484 4.05
Round #18 Belden 8489 7.15
Columbia 5084
Note: #20 wire is 7 x 28 strand; #18 wire is 16 x 30 strand.
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How to Service
Solid-State
TV-Receivers

By CONAN GORMAN

Engineering Program Mgr., Coior TV Products
Motorola Inc.

The author shows a way—a technique—a
philosophy of servicing that can be applied

to any circuit in any television receiver.

receivers is too large to attempt to cover in one article

as far as specific what-to-do suggestions are con-
cerned. Even a thorough analysis of one major symptom
in one chassis demands more time and space than can be
allowed here. Ironically, it is a fact that the receiver can
often be serviced in less time than it takes to tell about
it! So, it was decided to use one solid-state color televi-
sion receiver as a model to demonstrate a service tech-
nique. The receiver is Motorola’s “Quasar”, which incor-
porates in one unit the circuits that are found, in one
form or another, in most other solid-state TV receivers.
The purpose here is to show a method—a technique—a
philosophy—that can be applied to any circuit in any
solid-state TV receiver. We will explore one rather famil-
iar symptom, that of “no raster”—which can occur in what
is probably the most complex consumer product ever
manufactured.

We will assume that our readers are familiar with tech-
nical language, that they understand what goes on in a
television receiver, and that the fine details of how tran-
sistors function have been mastered. On this basis, we
can get down to cases.

With a tube-type receiver, the tubes plug into sockets.
Having a predictable and limited useful life, tubes have
not offered any great challenge to the technician with a
little experience and a good memory for similar tube
failures in other TV receivers. No harm comes from
wrong guesses as to which tube is at fault. At worst, the
technician keeps replacing tubes until the defective one
is located. We've been told that tubes are responsible for
the majority of television-receiver service calls. Miscel-
laneous minor repairs and adjustments constitute a good
share of the rest, leaving only a small percentage of serv-
ice faults requiring the skills of advanced technicians
and their more complex test equipment.

We're not hinting that TV service is a snap. We are
saying that TV service is a new ball game today. Transis-

THE complete subject of servicing solid-state television
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tors, diodes, and IC’s, are usually not found in sockets,
are not universally available or interchangeable (to the
extent tubes are), and damage can result from wrong
guesses. Also, the probability of relating specific symp-
toms to particular circuits is often remote. As an example,
no raster on a tube-type receiver is most frequently
caused by a defective high-voltage rectifier tube. Then,
in order of decreasing probubilities the damper tube, hor-
izontal-output tube, or another in the horizontal sweep
section. The idea that a defect in another part of the
receiver could cause a lost raster is remote. Yet, in a solid-
state receiver, it is not beyond the realm of possibil-
ity that the seemingly non-germane video detector can
cause this symptom, making troubleshooting the high-
voltage/deflection circuits an unproductive exercise. The
uniqueness of solid-state receiver troubleshooting tech-
niques, compared to those for tube receivers, eliminates
the concept of “transistor jockeys” as we have known
“tube jockeys” who make in-home service calls.

Most solid-state consumer products are portable and,
therefore, are carried to the shop by customers. It is here
that skilled technicians perform their service. Large-
screen consoles and some table models are being
“pulled,” with little or no attempt at servicing in the
home—each unit being a shop job. Most technicians, par-
ticularly the owners and managers of shops, realize this
is not an ideal way of doing business because of the time
and money wasted in picking up and delivering receivers.
Faced with this dilemma, some shops refuse solid-state
business. This approach writes the customer off to a com-
petitor who picks up the customer’s other business along
with that of his friends, neighbors, and relatives. If a serv-
icer is not interested in transporting sets to his shop and
is unwilling to lose this business to competitors, his house-
call techniques will require improvement.

The fact that more transistors than tubes are needed
to perform many functions creates an impression of com-
plexity. However, a solid-state system is made up of sec-
tions which are, in turn, composed of circuits. Circuits
operate on fundamental principles, the transistor being
less complicated than the vacuum tube. The only prob-
lem may be in understanding the interface between
direct-coupled devices. A logical point-by-point process
of elimination can lead the technician to one or two spe-
cific stages which, in turn, can be checked out simply.

Toting a transistor tester to the job and checking every
transistor arbitrarily is foolish because of the large num-
ber of solid-state devices. For example, in the Quasar
there are over 100 such devices. Testers do serve a useful
purpose as an additional input to the technician. Surely
a tester is a means to an end but not an end in itself. The
casiest way to service solid-state products is with a good
grasp of fundamentals and their logical application. Test
equipment is important when readings are correctly in-
terpreted and when its Hmitations are understood.

The “No-Raster” Symptom

Let us now consider the problem of no raster. First
let's be sure the symptom is identified correctly. “No
raster” means that the set is “on,” the circuit breaker is
not tripped, and there is either audio on an assigned
channel or a hissing noise off-channel. All relevant con-
trols have been tried without effect on brightness. The
CRT is unlit. In a solid-state receiver, a transistor far
removed from the picture tube can cause cut-off, espe-
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cially if there is considerable direct-coupling in the
design.

Drawing an arc from the plate of the high-voltage rec-
tifier to determine the presence of high-voltage d.c. is an
old stunt used in tube sets but not recommended for
solid-state products. An arc generates energy (r.f. fields,
voltages, currents) which will be dissipated somewhere
—usually to the detriment of transistors and 1C’s. Arc-
protection devices are fine insurance against accidental
arc-overs in the CRT or high-voltage rectifier, but do not
provide safeguards against an arc drawn from the recti-
fier to the screwdriver. There are better ways of deter-
mining the presence or absence of CRT operating volt-
ages. (See simplified schematic on page 91.)

A suggested procedure is to ground one of the three
cathodes through a 10k-ohm resistor. Clip leads will be
useful in this test, as well as in others to be described.

By grounding one of the three cathodes through the
resistor, the CRT will light up in the color associated
with that cathode (assuming other operating voltages
are correct).

If the CRT does not come to life with this test, the pos-
sibility of faulty bias can be eliminated, at least tempor-
arily. The next step is to measure G2 voltage(s). G2 is
comparable to the screen grid of an ordinary receiving
tube. G2 are often labeled “screen” or sometimes
“screen background.” At any rate, lost or missing G2
voltage will kill brightness on anv CRT-color or mono-
chrome.

G2 voltages are most often derived from the horizontal
deflection system. The +600-800 volt d.c. G2 voltage in
Motorola’s Quasar line results from dividing the second
anode voltage. If G2 voltage is low, or missing, it’s a safe
guess that the second anode voltage is also missing, be-
cause this is the source. It’s very rare to lose all three G2
voltages unless there’s a defect common to all threc.
Measuring G2 voltage is probably the fastest, safest way
of determining the status of high voltage in the Quasar.
Similarly, there is a point in other receivers that could he
used for the same purpose. One could “brute force” his

way by going directly to the high-voltage rectifier tube
and replacing it. This might be a good idea in early
Quasar models but the solid-state rectifier in more recent
models is so reliable it’s safe to assume it is functioning
properly and that loss of high-voltage is caused else-
where.

A useful rule of thumb is to note the 5-to-1 ratio be-
tween second anode and focus voltage and the 10-to-1
ratio between the focus voltage and that applied to the
G2 elements. It works out to 25 kV to 5 kV to +500 volts
d.c,, in rough numbers. Actually, the screen voltage is
closer to +800 volts d.c. (depending on screen control
setting)—but even the high-input impedance of the
v.tvam. loads down the extraordinarily high resistive
divider causing lower readings.

Another point not to be overlooked is that a defect in
the focus divider can cause loss of those voltages derived
from it. The -+5 kV focus voltage is a little tough to meas-
ure except with a high-impedance, high-voltage probe.
Experience dictates that G2 voltage be checked first.
Overlooking the focus voltage and the high-voltage recti-
fier, a determination should be made whether or not the
horizontal-deflection system is functioning since this is

“the high-voltage generator.

But what if G2 voltage is present. (After all, we've
already learned there is no bias problem and G2 voltages
can be present only when focus and second anode volt-
ages are also present.) We'd worry about the CRT in this
event. With all voltages present, the CRT should light up
when one cathode is grounded through the 10k-ohm re-
sistor. (It seems unnecessary to suggest that the CRT
heater circuitry be checked, too.)

Checking Horizontal-Deflection System

A quick way to determine whether or not the hori-
zontal-deflection system is functioning is to check the
voltage at the pulse-limiter diode. Checked at the cath-
ode, the voltage should be about +500 volts d.c. if the
sweep system is generating pulses. Not all solid-state
TV’s have a pulse-limiting diode. However, there is a

Fig. 1. (Left) Normal static voltages and currents for “'n-p-n‘’ and {right) *'p-n-p‘’ transistors with negative ground supply.
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indicates current through Re. The stage is not saturated as evidenced
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(as seen by the emitter), this is obtained by connecting the positive
source voltage to the emitter, thus making the collector negative
relative to the emitter. By appropriate divider action, the base is
made 0.7-V d. c. negative as seen from the emitter, Note the voltage
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source—-a demonstration of basic Ohm's Law for series circuits.
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point in every sweep system that can be used as an indi-
-cator of system function. It may be a damper diode, a
boost rectifier, or a focus diode—which operate on pulses.

If the system is functioning (as revealed by the +500
volts d.c. at the cathode of the diode) and if there is no
G2 voltage at the CRT, then the high-voltage rectificr,
flyback, or focus bleeder are suspect. If the +500 volts
d.c. is missing, the next logical step is to determine
whether or not the horizontal-output devices have collec-
tor voltage. Measured on the metal case or heat sink, the
collector voltage should be +74 volts d.c. or slightly
higher. If the voltage is present despite the fact that the
pulse limiter diode tells us there is no action, then the
sweep svstem is non-functional, which is why the CRT
doesn’t light up.

If the pair of output devices have normal collector
voltage, the “B+" points for preceding stages should be
checked. Transistors cannot operate without supply volt-
age. In the case of Quasar, there is a +35-volt d.c. supply
to the horizontal oscillator and the succeeding pre-driver.
The horizontal driver which succeeds the pre-driver
operates from a +28-volt d.c. supply. Missing source volt-
age indicates a power-supply problem, just as in tube
sets. The Quasar, with its pluggable panel concept, pro-
vides convenicent source measurement points at the vari-
ous panel connector pins.

Having determined that the sweep svstem is non-
operative, the technician has several options bevond that
of outright panel replacement. One option is to check the
transistors in the horizontal system with a tester. Another
is to check the transistors with an ohmmeter. Third, the
transistors can be checked with a voltmeter. Which way
to go depends on circuit accessibility. The horizontal-
deflection panel does not allow convenient hot checks
when the panel is connected in the chassis. It’s easier to
unplug the panel to check the various stages with an
ohmmeter or tester. Another alternative is to connect an
external power supply (or batteries) of about +12 volts
d.c. to the “B=+" points and proceed to turn transistors on
and off. This can be done with the panel on a bench. For
the purpose of demonstrating a technique that can be
applied universally, we'll explore the tactic of turning
transistors on and off as we go along. This is a reliable
wayv of proving out a svstem.

Returning to the collector of the horizontal-output de-
vices, we'll pursue a line based on a missing collector
voltage. The nearest source of this voltage is the hori-
zontal regulator circuit which is the power supply for the
horizontal-output devices. In series with the source and
the output devices is the flvback transformer primary.
The most likely component to suspect is the horizontal-
regulator transistor. This device, in turn, depends upon
additional regulator circuitry which is checked in the
standard manner of verifving source voltage—checking
transistors with an ohmmeter or tester and, depending
upon accessibility, turning stages on and oft.

Back to the CRT
Now let’s back up and trace this “no-raster” complaint
from where we started—except that this time, when we
ground one of the CRT cathodes, the tube lights up, indi-
cating all CRT operating voltages are present, but there
is incorrect bias.
When faced with a CRT bias problem in a direct-
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coupled system, a technician has the option of making
large preceding jumps to eliminate sections or going
stage-by-stage until he locates the stage which does not
restore brightness when turned on.

The nearest preceding stage to the CRT is the video
output. There are three such devices—one for each of the
guns. For total brightness to be lost all three guns would
have to be biased off, indicating all three video output
devices to be defective, unless something common to all
three is causing cut-off. It isn’t likely all three devices
would be defective at once. In this receiver, the emitter
of each output device is common to the blanker circuit.
The common point can be grounded directly to the
chassis with a clip lead. If brightness returns, the blanker
circuit is defective—most probably the blanker-output
device which is supposed to ground the emitters (except
during blanker intervals). In other words, the blanking-
circuit defect could possibly blank off the CRT 100 per-
cent of the time.

The loss of one video-output device will cause the
related CRT cathode to cut off, leaving the remaining
two on (provided the device is open). This results in a
raster of predominantly secondary color (magenta, cyan,
yellow) rather than a total brightness loss. If the output
device is shorted, then the related CRT gun will pre-
dominate, causing a raster in the particular primary color
(red, blue, or green)—depending upon which output
device is shorted.

Assuming the previous check is unproductive ( ground-
ing emitter tie-point) the next move is to try to get some-
thing turned on. Bridging a 10k-ohm resistor from col-
lector to base at one of the three output devices should
cause the CRT to light up in the primary color related to
the device.

To digress a bit, it’s always all right to short directly
the emitter to the base of a transistor. All this does is re-
move forward bias, turning the transistor off. On the
other hand, shorting from collector to base—even momen-
tarily—may destroy the device instantly. To turn a tran-
sistor on, bridge a 10k-ohm resistor from collector to base.
That’s what we've done in this last test.

Getting back to turning on the video-output stage, if
the screen doesn’t light up in the associated primary
color, you have located the defective stage. There are a
number of alternatives in this case. Visual checks, volt-
meter checks, and ohmmeter tests will pin-point the de-
feet quickly. There really isn’t much in the circuit.

Should the screen light up when the selected video-
output stage is turned on, then the next step is to go to
the preceding stage which is, in this case, a video driver.
Turning this stage on requires grounding the base to the
chassis through a 10k-ohm resistor. Normally, grounding
a base turns a stage off. In the case of the video driver
this p-n-p device requires a base that is negative (or less
positive than the emitter). The 10k-ohm resistor accom-
plishes this. Grounding the base through a 10k-ohm resis-
tor has the same effect as bridging the collector to the
base, because the collector of a p-n-p stage goes to
ground.

If turning the driver on produces a raster in the related
color, then it can be assumed the drivers are operating, as
is everything following them. Each preceding stage is
checked in the same fashion until one is reached that
doesn’t produce a raster. That will be the defective stage.
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It is important to stress that the “turn-on”
technique is successful in direct-coupled
circuits. We hope it is understood that a
coupling capacitor (or transformer) iso-
lates or Dbreaks a d.c. path in the RC-
coupled system. Therefore, the fact that a

The collector voltage will drop if the de-
vice is functioning.

But how do we know whether or not a
device is normally supposed to be “on” or
“off?”” One way is to know the basics and
the system. The schematic will also reveal
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transistor can be turned on and off in a se-  this. Another way is to compare the collec- 355
lected stage has no bearing on preceding or  tor voltage to its supply. If they are the
succceding stages. The “turn-on” technique  same, the stage is off, whether or not it is
will still determine if a single stage is cap-  supposed to be. Turn it on. If the collector °
. . . -m
able of functioning, even though only the voltage stays put, then the stage is not z0,
. . . - ~ ~ . . - . . . =<
stage under investigation is affected. All  functioning. In similar fashion, if the col-
that need be done is to short the base to the  lector voltage is lower than its supply (us-
emitter of a device that is normally “on.” uallv about half) then the stage is con-
This should turn the stage “off.” As proof, ducting whether or not it is supposed to be.
the collector voltage will rise and be equal (It could be leaky.) Shorting the emitter to xSy
. oMo
to the supplv. the base should shut off the device. As °
In those stages that are normally “off,”  proof, the collector voltage will rise to its
3 v > I 3
shorting the base to the emitter proves supply value. If it does not, the stage is
nothing. In this case, however, the deviceis — defective. The base must control the stage,
checked by turning it “on” (bridging the one way or another. However, don’t over-
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How to differentiate between an open in the base circuit and an open
inside the device. The key here is what appears to be unusually high
forward bias (1.3 V d. ¢) that does not produce conduction. There
are no voltage drops anywhere in the circuit. Base voltage is close
to normal. 12 V d. c. on the collector indicates this must come from
the source rather than from inside the transistor. If R were open,
the emitter would take on the base voltage, but there is zero voltage
at the emitter. The rule applies: When the stage has high forward
bias but doesn’t conduct, there’s an open base or emitter lead inside
unit.

|COLLECTOR SOURCE| |REAL SOURCE

EFFECTIVE 1
|COLLECTOR SOURCE

“BvoC | [EFECTIVE +35V 0C [
REAL SOURCE BASE SOQURCE REAL SOURCE
No voltage drops anywhere indicate no base current which results in
no collector current. If the defect were an open Rg the emitter would
assume the base voltage. With 1.3 V d.c. on the base and 12 V d.c.
on the collector, it is safe to assume that R1 and R2 are good. The
voltages are available and the components check out according to the
rules. There’s nothing left in the circuit but the transistor, which in
this case has an open emitter lead inside of the tran5|stor housing.

OPEN
COLLECTOR
EAD

I
®

+35v DC EFFECTIVE |

L
REAL SOURCE| [BASE SOURCE

Full source voltage on the collector reveals the stage to be cut off
and that R2 is not open. Forward bias voltage is normal with base
current a little higher than normal, indicating a satisfactory base-
emitter circuit. With all voltages present and the stage inoperative,
the conclusion must be that the device itself is defective. In this
instance, the collector lead of the transistor is open internally.
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It is difficult to do more than generalize about the effects of a leaky
transistor because so much depends on the extent of leakage and the
circuit application. For example, a transistor normally forward-biased
into saturation for a specific application could be critical to the
functioning of the complete product. In most instances, a leaky
transistor seriously affects signal flow. This is because the base
loses control of collector current. Base bias measures nearly normal
because it is attached to its divider supply. Collector current in-
creases, causing a voltage drop across R2. The emitter resistor,
Re, has an increased voltage drop and, in severe cases, can develop
enough voltage to go higher than the base, setting up a reverse bias
condition. When the transistor conducts high collector current despite
what appears to be normal or reverse bias at the base-emitter junc-
tion, suspect a leaky device. A final clue is that all voltages read
very nearly the same. (*These voltages are close or same in value.)

Fig. 2. (Top left) An ‘'n-p-n‘’ transistor with base lead open internally: (bottom left) with emitter lead open
internally, (top right) with the collector lead open inside case; and (bottom right) a leaky ‘‘n-p-n’‘ transistor.

a particular stage to be inoperative, other than the device
itself. These checks prove out not only the device, but its
related circuitry as well.

About the Transistors

Forward bias is required to make a transistor conduct.
Applied to the base through a divider network, forward
bias is only about 4 0.7 volt d.c. for an n-p-n silicon tran-
sistor; —0.7 volt d.c. for a p-n-p silicon transistor. The
latter can foul vou up because few consumer products
have a negative output power supply—the emitter voltage
is raised +0.7 volt d.c. over that of the base by the cir-
cuit design. Mcasuring forward bias from base to emitter
with a v.tv.m. will require the selector switch to be on
the —V d.c. range—provided, of course, that the meter’s
ground lead is on the emitter and that the input lead is
touched to the base. A good rule to remember is that in-
correct base voltage is alimost always caused by a defect
in the base circuit itself. (See Fig. 1.)

Collector voltage is also required to make a transistor
conduct. Applied to the collector through de-coupling
networks, dividers, and the load—the collector voltage is
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positive in an n-p-n transistor; negative in a p-n-p. With
a single positive-output power source, the collector of a
p-n-p device is usually connected to ground—which is
the negative side of the power supply. The emitter is con-
nected to the positive side. Measuring the collector volt-
age with the meter ground lead on the emitter will re-
quire use of the —V d.c. range.

Transistors can open, short, or leak. In all cases, the
base does not control the stage. Here are two more rules
that are helpful: When forward bias is normal, or slightly
high, but the stage does not conduct—the device has an
open lead internally. If forward bias is low, or missing
altogether, but the transistor conducts anyway—the de-
vice is leaky (Fig. 2).

We have demonstrated a universal troubleshooting
tactic that: (1) depends on a basic understanding of cir-
cuits, transistor action, and systems—since the probability
of relating specific symptoms to specific stages is remote;
(2) traces the fault to a section in an orderly fashion; (3)
includes checking supply voltages, although complex;
and (4) calls for checking transistors with an ohmmeter,
voltmeter, and by turning on and off. ®
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Now...everyone in your family can waftch the
TV shows they want...where they want...when they want!

NEWJFD W
ELECTRONIC HOME ENTERTAINMENT \\
PROGRAM CENTER KIT ==

- .

makes wiring your home for picture-perfect multi-set operation —
from one antenna —quick and easy.

 Provides up to four TV sets throughout your MAIL COUPON TODAY'
home with different programs. m—————————— e,
* Delivers picture-perfect Color or black-and- | JFD ELECTRONICS CORP. g\* <

white TV on channels 2 to 83—plus FM mono or EROORLYN, NEW YORK 11219
stereo to hi-fi systems.

e Easy-to-install kits—complete with amplifier,
parts and instructions—available to satisfy every
location.

* Conveniently packaged in compact carry-home

] Rush me more information.

] Also furnish name of my nearest . %
Program Kit dealer.

i

) Name |
attaché carton. (please print) I
* Also enables you to move any of your portable Address :
TV sets from room to room and plug it into the Cit State - I
JFD system. e = ge—

JEFD ELECTRONICS CORP.-asubsidiary of Riker-Maxson Corp. - world leader in home entertainment antenna systems




Antennas
for
Stereo FM

By LON CANTOR

Stereo is more difficult to receive
than mono FM, hence a good antenna
installation is required, especially

to minimize any multipath distortion.

generally quite simple. Most people got by with the

indoor or built-in antennas supplied with the receiver
or a “rabbit-ear” type TV antenna. If they used an
outdoor antenna at all, they usually settled for an omni-
directional turnstile or “S” type of antenna.

However, stereo FM is a lot harder to receive. Pull-
ing in good stereo-FM signals compared to good mono-
phonic signals is a lot like the difference between color
TV and black-and-white. Like color TV, stereoc FM
requires an extra signal carrier which is detected and
whose phase is important. To make matters worse,
stereo FM requires more antenna gain and is more
susceptible to multipath distortion.

IN the days before stereo FM, FM antennas were

Channel Master Model 4408-G is designed for fringe and
far-fringe reception of FM signals. The antenna uses
five parasitic elements along with four series-fed fold-
ed-dipole driven elements. Antenna lists for $34.95.
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Because FM is transmitted at much higher frequen-
cies than AM, signal propagation is relatively limited.
The frequency difference could be overcome, to some
degree, if transmitter power were increased. However,
output power is limited by the FCC. What’s more, the
FCC allows no more effective radiated power for a
stereo broadcast than they do for a monophonic broad-
cast.

The extra sterco-FM carrier, as well as other charac-
teristics of the stereo signal, effectively reduces the
signal-to-noise ratio. If you receive the stereo-FM signal
on a mono tuner (or a stereo tuner working on mono)
you only lose about 4 dB. However, you lose a full
20 dB ( which means that you pick up only ¥joth as much
signal voltage) if you receive an FM broadcast in stereo.

A stereo-FM tuner uses the sum frequency (left plus
right) and the difference frequency (left minus right)
to reproduce the two separate channels. A mono tuner
uses only the sum frequency, which is considerably
stronger than the difference frequency.

All of this boils down to the fact that with a given
antenna at a given location, monophonic broadcasts

Finco Model FM-5 is for fringe-area reception of FM sig-
nals. Eight parasitic elements are employed along with
two folded-dipole driven elements. List price is $37.95.

can be received from about twice as far as stereo
broadcasts.

In addition to requiring stronger antenna signals,
stereo FM is also more susceptible to multipath dis-
tortion and crosstalk.

Multipath distortion causes the most severe problems.
It is caused in the same way as a TV “ghost.” The signal
goes from the transmitter to the receiving antenna by
two paths simultaneously — one direct and the other
reflected from a hill or a tall building. Since the reflected
signal arrives later than the direct signal, it is fre-
quently out of phase.

Not only does the reflected signal weaken the direct
signal when it arrives out-of-phase, but it also causes
distortion. You get a poor signal-to-noise ratio, reduced
stereo separation, or perhaps no stereo effect at all.
What is more, the stereo “image” that was on the
original disc or tape may be altered or completely
destroyed.

Many of the problems of stereo-FM reception can be
solved by a good antenna installation. And, fortunately,
the type of antenna that’s good for pulling in weak
stations is also good for eliminating multipath distor-
tion.

There are three important factors to consider when
choosing a stereo-FM antenna:

1. Gain. The gain of an antenna is a comparison of

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



that antenna’s sensitivity with a theoretical dipole.
Gain is cxpressed in decibels (dB). The higher the
gain the more sensitive is the antenna. Using a higher
gain antenna has the same cffect as moving the antenna
closer to the transmitter. A standard dipole has a gain of
0 dB (unity gain), while a good commercially avail-
able FM antenna may provide up to about 10-dB gain.

2. Directivity. To eliminate multipath distortion, you
must be able to reject reflected signals. You can do this
with a directive antenna, properly aimed. The angle
from which a given antenna can pick up signals is
indicated by its half-power beamwidth. The narrower
the beamwidth, the better, if you are trying to elimi-
nate signals from other than one direction.

A narrow beamwidth can also be quite effective in
eliminating interference from stations near the same
frequency, since stations close in frequency almost
never broadcast from the same direction.

Fortunately, high gain and narrow beamwidth go
hand in hand. As you add eclements to an antenna, you
generally increase both gain and directivity, as well as
improving the front-to-back ratio.

3. Impedance Match. Because phase is important
in detecting signals, impedance is important. Poor
antenna match can ruin stereo reception. This applies
not only to the antenna, but to the lead-in wire as well.
If you use inexpensive twin-lead with metal stand-offs,
you not only lose signal, you may also cause standing
waves. And these can reduce signal strength, produce
reflections, and shift the phase of sterco-FM signals.

Two antenna types that have been widely used for
sterco FM are yagis and log periodics. The photos in
this article show representative examples of high-gain
stereo-FM antennas.

We've talked about using high-gain, highly directive
antennas and aiming them properly to eliminate multi-
path distortion and interference. But how do you aim
an antenna if you want to receive stations that are not
all located in the same direction? The obvious answer
is an antenna rotator. With a rotator, you can zero in
on the best possible signals. In fact, with a high-gain
antenna on a rotator, you can probably pick up stereo-
FM broadcasts from over 100 miles away.

TV and FM Antennas

Some people don’t want to spend the money for a
separate antenna and a rotator just to pick up FM.
Since the v.h.f. TV range (54 to 88 MHz and 174 to 216
MHz) surrounds the FM band (88 to 108 MHz), a
combination TV and FM antenna is not too much of a
problem to design. A good TV-FM antenna works as
well on stereo-FM as all but the very best of FM-only
antennas. For most installations, therefore, a combina-
tion antenna is an excellent idea.

If you do decide to use a separate FM antenna, you
can still save time and money by mounting the TV and
FM antennas on the same mast. It doesn’t matter which
antenna goes on top, except that the higher antenna
usually works better. If you're in a strong TV arca, but
a weak FM area, you'll probably want to put the FM
antenna on top. Or, if youre more interested in FM,
you might want to keep the FM antenna on top even
if the situation is reversed. In either case, you should
allow at least three feet between the two antennas.

1970 EDITION

For commercial and industrial MATV systems, Jerrold
Model J-55-FM is available. This heavy-duty antenna is
a 75-ohm yagi with a gain of about 6 to 7 dB on the FM
band. Front-to-back ratio is 18 dB. List price is $62.50.

An example of a log-periodic FM antenna for far-fringe
use is the JFD Model LPL-FM10A. This ten-element an-
tenna has a gain of 9.9 dB, a half-power beamwidth of 43
degrees, front-to-back ratio of 26 dB. List price $52.45.

Winegard Model 5C-65 is eleven-element FM antenna for
deep-fringe areas. Gain is 9.9 dB, half-power beamwidth
is 44 degrees, front-to-back ratio is 23 dB. List $36.95.

Textbooks generally call for greater distances between
two antennas, but we must be practical. If we try to
separate the antennas by a wavelength, the installation
becomes top-heavy, especially for a rotator. Experience
shows that antennas separated by about three feet
work quite well together.

The outputs of the two antennas can be combined
into a single downlead. We recommend a hybrid
coupler for this application, even though it causes about
3.5-dB mixing loss. Frequency-sensitive couplers, tuned
to pass FM with a minimum of loss can also be used.
However, these couplers do cause severe TV frequency
loss and don’t really make that much difference on FM.
If FM signals are very weak, use an FM preamplifier
and/or separate v.hf. and FM downleads.

A good stereo-FM antenna installation is not inex-
pensive. But it’'s an investment that can pay for itself
many times over in years of superb hi-fi and sterco
reproduction. ' [
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Which
PA.Speaker
Should
You Use?

By ABRAHAM B. COHEN, 1SC/Telephenics

Division of Instrument Systems Corp.

Description of the various types of
p.a. speakers that are available, their
comparative characteristics, and practical

information on making the best choice.

Fig. 1. An example of a direct-radiator
cone enclosure with a sectoral high-fre-
quency horn at the top for use in gyms or in
small auditoriums. (Altec Lansing 1202A)

HE choice of loudspeakers for p.a. sound systems
T is determined by four factors: (1) the specific area
to be covered by cach speaker, (2) the acoustic
properties of the arca to be covered, (3) the propaga-
tion characteristics of the speaker, and (4) its efficiency.
A paging system intended to cover many different
rooms of a manufacturing plant will obviously nced as
many speakers as there are rooms to be covered, with
at least one speaker to a room, or more as the size of
the room recpuires. On the other hand, an open-air con-
cert shell or high-quality concert hall or theater may
require only one master system placed over the center
of the stage.

In a stockroom, where the arca is broken up into
aisles, storage shelves, hins, storage nooks and crannies
and the like, the chances are that the area is generally
free from disturbing reverberation. Hence, no special per-
formance is required of the speaker other than it radiate
enough sound so that people in the stockroom area can
hear it comfortably. In a plant where there is a very
noisy and large manufacturing area with cinderblock
walls and high glass turreted roof, a network of small
speakers placed near where the people paged are most
likely to be found, such as at machines or foremen’s
stations, would be required. Here, the pattern from the
individual loudspeakers should concentrate the radiated
sound more directly toward the arca to be covered,
since sound dispersion into the high-ceilinged area might
set up disturbing reverberation which could reduce the
intelligibility of the message.

If the speaker is intended to reproduce a wide range
of musie, then the svetem would generally have to have
the characteristics of a “hi-fi” system. If it were to be
used for paging purposes, only a narrow band of fre-
uencies must be reproduced to get the message across.

Finally, the speaker selected will determine the amount
of audio power nccessary to drive the system; direct-
radiator spcakers having about onc-fifth the clectro-
acoustic efficiency of horn-type reproducers.

Cone Speakers

The cone-type loudspeaker is generally used as a direct
radiator. As direct radiators, they “sound out” directly
into the area to be covered. As shown in Fig. 2, they may
be mounted in simple small enclosures just large enough
to accommodate the loudspeaker being used (usually no
larger than a §8” unit), with just enough inner volume to
give some semblance of bass reproduction. These are
used mainly for low-level paging systems where frequen-
cies below 250 Hz are unnecessary for speech reproduc-
tion and for background music where musical “sedation”
rather than fidelity is the goal.

Often these cone speakers will be housed in baflles
which are flush-mounted in the ceilings or walls. When
mounted in walls, the back of the enclosure is often left
open to allow the speaker to produce lower frequencies
because the diaphragm is acoustically unclamped, mak-
ing the enclosure appear larger. However, when mounted
in the ceiling, the speaker is usually closed in by a rear
box to prevent bits of plaster from falling into the back
of the cone. In these small rear-enclosed ceiling mounts,
the low frequencies ure censiderably attenuated. The
enclosures need quite a bit of sound damping applied
to their inner walls to minimize disturbing resonances
within the enclosures.

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



Bi-directional baffles are often mounted in corridors
or on walls, with sound coming out of the back as well
as the front. This reduces the number of speakers re-
quired, however, quality is sacrificed over and above the
limited quality of the small enclosure itself. Since it is
virtually open on both sides and is housed in a small en-
closure, the cone is, for all practical purposes, unbaffled.
This results in severe drop out of low frequencies. In
addition, the high frequencies from the rear of the
speaker are considerably attenuated with respect to the
highs coming out of the front of the speaker. Yet despite
these characteristics, bi-directional enclosures provide
usable paging service and low-level background music
in low-noise arcas.

For a wider frequency range than that used for paging
or background music, and where only moderate sound
powers are required, the cone speaker may be mounted
in a vented cabinet of the bass-reflex type, or in a scaled
enclosure of the acoustic-suspension type. In both cases,
the cone acts as a direct radiator, open and facing the
audience. With a high-quality woofer, good low-fre-
quency reproduction is possible. However, in almost all
instances, a tweeter is a part of the enclosure system to
augment the high frequencies of the main cone and to
provide better dispersion of the highs.

With the reflex-type enclosure, the tweeter is generally
a wide-angle horn to match the cfficiency of the cone
speaker, and may frequently consist of a multicellular
or sectoral horn to ensure wide-angle coverage of the
higher frequencies (Fig. 1).-In the case of the sealed
acoustic-suspension system, the enclosure invariably
comes as a complete system with the built-in tweeter
utilizing either one or two direct-radiator hard-shell
dome-type structures to match the woofer efficiency. This
tweeter system gives uniform high-frequency distribution
rather than directional control of the radiation.

The power requirements of these two systems and the
mode of deploying them are very different. Due to the
much higher efficiency of the vented enclosure with its
tweeter system, satisfactory coverage of an auditorium
may be obtained by elevating two such svstems on cither
side of the stage. In the case of the acoustic-suspension
type, with its much lower efficiency, perhaps four or five
of these enclosures would have to be strung along the
footlight area to cover the auditorium,

Column Speakers
The column speaker bridges the gap between the sim-
ple cone-radiator structure and the horn system. Tt will
provide sharp directional control patterns but will also
retain a good measure of cone-type quality not available
from standard horns.
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Fig. 2. Cone speakers for paging and utility purposes are
housed in small compact metal or wood baffle enclosures.
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Fig. 3. The column speaker produces a wide-angle wedge
of sound energy in horizontal plane at right angles to the
column length. Sound wedge is narrow in vertical plane.

The column, as shown in Fig. 3, is a group of speakers
mounted in an array, one above the other, and all facing
the same direction. They are usually enclosed in one
over-all structure which is made as small as possible
without deteriorating the bass response below that of
which the speaker is capable. Regardless of the physical
size of the column, the structure is designed to hold a
minimum of four speakers, most frequently six, and not
infrequently cight. The major function of the column
array is to radiate most of the sound into a rather narrow

Fig. 4. Narrow vertical beam from column speaker system can be used to reduce generation of reverberant sound.
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wedge lying in a plane at right angles to the axis of the
column itself, with the arc of coverage of this horizontal
wedge often well over 120 degrees. Minimum sound is
projected in the vertical direction into the area outside
of this comparatively narrow horizontal wedge.

As illustrated in Fig. 4, it is possible to orient the
speaker to throw the sound directly into the seating areas
to be covered and to minimize the sound beamed at the
upper hard-ceiling areas where the sound would other-
wise bounce down to the audience with bothersome re-
verberation. Tt is surprising how a tilt of just 10 to 15
degrees from the vertical, can focus the sound down on
the area to be served and permit so little of it to get into
the vertical plane.

Sound columns are not very efficient. The column is
just a bit more efficient than the cone speaker in the
column, but is not as eflicient as a horn projector, power
for power. However, putting aside the directional control
advantage of columns, they have the secondary advan-
tage of being able to handle as much more power than
a single cone as there are cones in the array. Where one of
the unit cones may be capable of handling 10 watts by
itself, it will still take 10 watts in the column configura-
tion, but the whole configuration made up of perhaps six
cone will now be able to take a total of 60 watts.

1t 1s possible to design column speakers for large-area
applications where the power-handling capacity may
be on the order of 100 watts or more. There is great de-
mand for this tvpe of speaker not only in gymnasiums
and large auditoriums, but even for small pop
music gathering places where there is appar-
ently no limit to the volume that people can
tolerate irrespective of the resultant distortion.
The fact that large amounts of power can be
fed into the column and a band of frequencies
that will cover the electronic instruments used
by pop groups can be gotten out of it makes
the column a very important svstem to the
sound specialist. Fig. 6 is an example of a
two-section break-away column with the top
tweeter designed specifically for pop-music use.

In general, the larger the column, the bet-
ter the low-frequency reproduction and the
sharper the horizontal wedge of sound distri-
bution. Another rule-of-thumb in judging the
sharpness of the horizontal pattern is the num-
ber of speakers in the column and the means of

—_—

Fig. 6. Break-away high-power handling sound
column for portable pop-music use. Multi-horn
tweeter on top of the column spreads high
frequencies. {Jensen Models LPC-152, HLV-40)
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ELECTRICAL CONTOURING

contouring the high-frequency response. The more
speakers in the column, assuming them to be closely
spaced, the flatter will be the horizontal wedge; eight
radiators will produce a flatter horizontal wedge of
sound than will a four-speaker column. When design-
ing column speakers an attempt is made to keep a con-
stant ratio of radiated wavelength to the physical length
of the column. Theory shows that if this condition can be
maintained, then the wedge divergence will be uniform
at all frequencies. It is obviously impossible to physically
shorten the column as high frequencies (shorter wave-
lengths) are transmitted. The only feasible alternative is
to make the column appear to be electro-acoustically
shorter for the higher frequencies as thev occur.

This automatic contouring is accomplished by one of
the three following methods, or combinations of them,
as in Fig. 5. (Left) The high-frequency capabilities of
the two end speakers are reduced by either choosing their
cone design so that thev are not as inherently good high-
frequency reproducers as the central radiators, or by re-
moving any high-frequency elements, such as whizzers or
tweeters from these end speakers. (Right) Eleetrical fil-
ters, such as crossover networks, may be used to prevent
the high frequencies from getting into the end speakers.
(Center) A separate line of tweeters located at the cen-
ter of the column will make the tweeter column length to
wave-length ratio at the high frequencies similar to that
at middle and low frequencies. In some instances, the
column itself is slightly arced to keep the highs from
dispersing vertically.

Horn Projectors

The horn-projector family will continue to
be one of the sturdy building blocks of public-
address sound systems. The reasons are not
hard to understand. The ease of directing
sound where it is desired by merely pointing
the horn in that direction is readily apparent.
The ability of the horn to produce sound that
penetrates into very noisy arcas is universally
recognized. The economy of amplifier power
it permits because of its high-efficiency char-
acteristics is a matter of record. That they have
time-proven reliability under the most adverse
conditions of temperature, humidity, and pre-
cipitation is borne out by their use out-of-
doors almost to the exclusion of other types of
p-a. loudspeakers.

Most high-efficiency horns used by the p.a.
technician are of the re-entrant tvpe. They
can be recognized by a central member, re-
sembling a long nose structure, as in Fig. 7. This
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————— DASHED LINE IS AIR-COLUMN LENGTH

RE-ENTRANT HORN CONSTRUCTION

COALIE;AN MOUTH | cuT-oFf [ anguLar | REEATIVE
CENGTH ola FREQUENCY | DISPERSION GAIN )

2
21/2'NOM] 16" NOM 250Hz 95°NOM. | REFERENCE| & CUT-OFF
3172 21" 175Hz 85° + 1dB 2 ¢ FREQ.
a1/2 26 120Hz 75° +2dB Low HiGH
61/2 32" 85Hz 65° +4dB Hz

Fig. 7. Construction and performance of re-entrant horns.
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Fig. 8. The high sound output from efficient compres-
sion driver and the good impedance match provided by
the horn result in an over-all high efficiency of output.

member is one of three separate scctions of the horn,
folded around the other, for which the word “re-entrant”
was coined.

Such homs, because of their design-controlled geo-
metric expansion, have well-defined specifications, of
which the most important is the low-frequency cut-off
point below which the horn theoretically will not trans-
mit any acoustic energy. In this context, every horn is
thus a simple high-pass filter. Looking at a group of horns,
the larger the mouth of the horn and the longer the air
colunn of the unfolded horn, the lower frequencies it will
reproduce. One would expect that the larger horns would
have a better sound-level output due to their improved
acoustic loading on the driver unit energizing them and
their better mouth-to-air impedance match. The table in
Fig. 7 gives a general idea of the improvement in sound
pressures that may be expected from typical horn sizes.
A second rule-of-thumb is that the smaller the mouth of
the horn, the wider its angle of sound dispersion. This
characteristic stems from Dbasic radiation theory that
states that the smaller the radiator, the more it ap-
proaches a point source of energy and becomes a speri-
cal radiator. As the radiator becomes larger, it deviates
trom the character of a point source and begins to de-
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velop directional characteristics. Hence, while a large
hormn mouth may produce better low frequencies and
more sound power output, its upper frequency radiation
becomes quite beamed with resultant loss of intelligible
wide-angle projection.

A horn is a passive device; it does not produce power.
The sound it transmits is the sound it receives from some
other source of power, in this instance, the compression
driver shown in Fig. 8A. The back of the unit is com-
pletely closed off from the outside air. The rear of the
vibrating sound-producing diaphragm in the structure
is thus under compression of the air trapped behind it.
The front of the diaphragm, mounted in the acoustic
head, delivers its acoustic energy into the narrow throat
end of the horn which is coupled to the driver unit.

The driver unit has a powerful magnetic system which
provides the initial source of power to cause a compara-
tively small diaphragm (usually about 2” in diameter)
to be energetically vibrated as a result of the signal cur-
rent to the voice coil immersed in the magnetic gap and
attached to the diaphragm. This powerful magnetic drive
(magnetomotive force) acting on the low mechanical
impedance of the lightweight diaphragm, produces high
sound output.

The acoustic energy feeds into the throat of the hom
and is allowed to expand at a controlled rate by the
design flare of the horn until the sound power emerges
from the horn mouth as in Fig. 8B. The horn is basically
an acoustic transformer, as well as a high-pass filter. Its
controlled expansion permits the high-intensity sound,
originating at its throat, to gradually follow the horn
expansion and to emerge from a large mouth area into
the acoustic space in front of it. The large horn mouth
thus provides an improved acoustic match to the air
around it and accordingly “grabs hold of” that space in
front and transfers its emerging power to it. This is the
second high-efliciency step to take place in the process.

The high output of the compression driver, aided by
the acoustic-matching properties of the horn, provides
a combined efficiency of about 25% as compared to that
of the cone system whose efficiency is seldom higher than
5% Because compression-driven horns are very efficient
doesn’t necessarily mean that they are to be used only
where large amounts of power are required. There are
horn projectors rated as low as 5 watts input and there
are some systems rated at 1800 watts input. The need
determines the power requirement.

Various Types of Horns

While the choice of a driver unit (or units on multiple-
drive horns) is made on the basis of sound power re-
quired out of the horn, the horn in turn is chosen on the
basis of the type of field coverage required and the fre-
quency response needed for the application. The horn
family is divided into three general categories: (1) pag-
ing and talk-hack type; (2) high-power long-throw type;
and (3) wide-angle dispersion type, covering both of the
previous varieties.

Paging and talk-back horns are relatively small, rang-
ing from 6” to 8” in horn-mouth diameter and about the
same corresponding physical lengths (see Fig. 9A). They
are easy to handle, being generally provided with some
sort of a universal swivel mount. They may be conven-
iently affixed to walls, ceilings, ceiling cross beams, or any
convenient abutment near the area to be covered.
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Fig. 9. Various types of horns for p.a. use. (A, left} Paging and talk-back speaker with integral

driver unit, University MIL-A; (B, center} long-throw projector with provision for screw-on
driver unit, University GH; (C, right) contoured horn for wide-angle distribution, Atlas CJ-30B.

Their response characteristics may start anywhere be-
tween 250 Hz for the 8” type to 500 Hz for the 6” size,
and extend well beyond the upper limit of the speech
spectrum. This brackets the band of approximately 250
to 5000 Hz. Articulation with these paging units is ex-
ceptionally high. They are placed close to the particular
areas where the pcople to be paged are most likely to be
found, and often are located close to or within an area
where high noise generating equipment and its operating
personnel are stationed.

Successful paging into these areas may be uaccom-
plished with moderately small amounts of power per
speaker, usually about 5 watts, although such speakers
are rated at and will handle as high as 20 watts for ex-
treme conditions. Speakers of this sort may also be found
on open-air platforms or in long-corridor systems such as
at airports and in subways where ambient noise may be
quite high.

More even sound distribution may be obtained by spot-
ting small speakers at short intervals down the corridor,
rather than providing a single high-level source at one
end of the corridor. The latter would merely introduce
undesirable reverberation and extremely spotty and un-
evenly distributed sound.

Because the small speakers may be scattered over an
area, they serve as high-efficiency microphones when in-
corporated in a sound system with intercom calling and
listening facilities. One may speak quite a distance away
from such a speaker and be understood back at the inter-
com-control station.

The high-power, long-throw hom system (Fig. 9B) is
usually represented by the family whose acoustic column
lengths may range from 2% to 6% feet and whose mouth
diameters may be anywhere from 16 to 32 inches. The
standard round horn of this group has a symmetrical dis-
tribution pattern of sound energy emerging from its
mouth, beamed directly along its axis. Such patterns
make it highly suitable for long-throw sound projection
as far ahead and in front of the horn as possible, a sort
of acoustic “spotlight” tyvpe of service. For such applica-
tion, it is wise not to spread the available energy out over
a large area in such a manner that it will have to fight its
way, under adverse conditions of air and humidity con-
ditions, only to be lost at the listening area, but rather
to beam it ahead for maximum usability.
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In long-distance sound throws we cannot hope for real
highs as they are absorbed by the air and buffeted about
by wind currents. However, considering that we can get
usable articulation from the middle frequencies, the sym-
metrical horn, with its normal beaming, provides excel-
lent acoustic spotlighting of reasonably distant areas.
Naturally, a cluster of such horns mounted at a common
center can provide high-intensity spots of acoustic
energy, one merging with the other to give wide-area
coverage.

Focusing of the sound by the round horn mayv even
be a useful adjunct to the horn designed for wide-angle
throw (next up for discussion) where the listening audi-
ence may be in a park which has heavy outcroppings of
“soft” foliage and other brush. The beaming round horn
may transmit enough extra acoustic energy into that area
to overcome any loss of the original wide-angle distribu-
tion at that point.

Using the same high-efficiency techniques as employed
in the standard round horn, other shapes and modifica-
tions that produce wide-angle distribution of the sound
pattern have been developed. These horns tend to “pan-
cake” the sound pattern into those arcas needing the
sound energy and minimize the energy into thosc areas
where it would be wasted or cause destructive inter-
ference. These problems are precisely the ones that the
column speaker was designed to overcome; the horn,
however, provides higher efficiency.

One method of obtuining this wide-angle dispersion is
by reshaping the horn so that it will throw more sound
in one direction than another ( I'ig. 9C). Another method
of improving dispersion is bv mounting a high-frequency
horn in the center of the mouth of the larger horn (Fig.
10A). The smaller horn, operating as a p.a. tweeter, may
be oriented for the direction in which the dispersion is
desired. In this case, diffraction eflects cause the beam
to spread perpendicular to the larger dimension of the
mouth of the horns. A third method (Fig. 10B) uses un ex-
ternal multi-mouthed, or multicellular, horn to direct the
high frequencies into those areas where the main radi-
ator cannot project. ( For maximum horizontal dispersion
of high frequencies, the horns in Figs. 9C, 10A, and 10B
are mounted as shown in the illustration.)

Because of the relative lack of low frequencies from
horn projectors, they are not by themselves suitable for
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Fig. 10. Additional horns for p.a. use. (A, left) Horn tweeter in mouth of large horn provides wide-
angle high-frequency distribution, Electro-Voice 848A; (B, center) 2 x 5 multi-cellular horn for wide-
angle distribution, Altec 1003B; (C, right) rear horn-loaded outdoor speaker, Electro-Voice 1A.

wide-range “hi-fi” p.a. systems, but are used frequently
as the upper frequency elements of a system designed
for concert work, especially in applications where dis-
tances are to be covered. The multicellular unit may be
designated as a 2 x 5 unit or a 3 x 6 unit. This indicates
how many rows of small horn are stacked one on top of
the other, and how many small horns are in each row.
The configuration of such a horn will determine the
radiation pattern.

These horn clusters are rated for several cut-off fre-
quencies, so that once has a choice of bandwidth and dis-
persion characteristics. In some well designed systems
there may be two clusters of horns, a mid-frequency and
a high-frequency cluster, both working in conjunction
with multiple high-efliciency cone radiators. The multiple
low-frequency cones are housed in a bass-reflex enclosure
large enough to reproduce very low frequencies cleanly
and efficiently. In addition, the cones may be front-loaded
with a short homn to raise the efficiency of the lower
middle frequencies to be compatible with the efficiencies
of the upper frequency clusters. Crossover networks are
used and there is a choice of 6, 12, or 18 dB per octave
roll-off. Systems such as these are found in theaters for
high-quality sound-track reproduction, in large multi-
use auditoriums, and for concerts in open shell areas.

We shall next take up the matter of the outdoor in-
stallations for patios, outdoor shopping areas and malls,
sidewalk restaurants and esplanades, where good fidelity
must be obtained from unobtrusive weatherproof speak-
ers. The unit (Fig. 10C) frequently takes the form of
either an 8” or 12” cone speaker whose diaphragm is
treated with impregnating resins to make the paper stock
water-resistant. The structure is that of a forward direct
radiator, with the rear of the cone loaded by a short one-
bend horn. This rear horn provides some acoustic load-
ing on the back of the speaker so that the cone may radi-
ate low-frequencies consistent with the size of the struc-
ture. The second purpose of the horn is to protect the
cone from rain or wind.
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Because the hom is of limited length and since its
mouth area is quite small, the low-frequency capability
of the horn is limited, although quite adequate for the
application. Accordingly the cone-speaker driver is of
fairly high resonance, probably between 75 and 100 Hz
for a typical patio unit. The front of the cone may be pro-
tected by water-impervious cloth, protective screens, and
metal grillework which may be decorative as well as
protective. One can equate this type of speaker in terms
of quality with the column speaker. In this case, however,
the patio speaker is almost always omnidirectional, with
no important horizontal over vertical advantage. The
mouths of such speakers may range in size from approxi-
mately 10” across to 33%” with the choice, as in all p.a.
work, determined by the area to be covered and the
quality of performance desired. In the case of the larger
models, the systems are usually woofer-tweeter combina-
tions for maximum fidelity.

Any sound system must be approached on the basis
of a system philosophy where the system consists not
only of an amplifier, distribution system, and loud-
speakers but, and most important, the audience to be
reached. And to reach it successfully, the industry has
designed and provided dozens of specialized loud-
speakers for as many varied needs. ®

Answers to Electronics-Technician Quiz
appearing on page 8

l.c 11.b 21.d 3l.a 41.b
2.d 12.¢ 22.d 32.b 42.b
3.b 13.d 23.aorb 33.b 43.d
4.b 4. ¢ 24.a 34.¢ 44. ¢
5.a 15.a 25.¢ 35.¢ 45. a
6.¢ 16.¢ 26.b 36.a 46.b
7.a 17.d 27.d 37.a 47.b
8.¢ 18.b 28.a 38.¢c 48.d
9.b 19.b 29.b 39.a 49. ¢
10.d 20.¢c 30.a 40.d 50.b
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How to Choose
the Best
TV Antenna

By LON CANTOR

With so many good TV antennas available,
making a decision on which to use is difficult.
This article should help to narrow down the
choice to one that will do the best job for
your particular reception needs. A complete
listing of recommended antennas for various

signal areas is also included in this article.

of the quality of the TV pictures they watch.

Early TV viewers were satisfied to get any kind
of a recognizable picture. Ghosts, smears, snow, and
interference were cheerfully ignored. However, just as
radio listeners moved from tinny, staticy sound to high
fidelity, so TV viewers are now demanding cleaner,
truer pictures.

There are three factors behind the demand for top-
quality TV reception.

1. Color-TV. Color-TV has already surpassed black-
and-white TV in annual sales volume. And defects that
were barely noticeable in monochrome really pop out
in color.

2. Cable TV. As CATV moves into more and more
areas and more buildings use quality MATV systems,
many viewers are seeing how good TV reception can
really be—often for the first time. Many dealers, for
example, are investing in excellent MATV systems for
their showroom sales floors. Once people see top-quality
TV pictures, they are unwilling to settle for less in
their homes.

3. Better home antennas. Manufacturers have been
making bigger and better home TV antennas each year,

VIE\VERS are becoming more and more critical
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and sales continue to rise. Thus, viewers can see good
pictures in more and more of their neighbors” homes.

The most important step on the road to top-quality
TV reception is to select the right antenna. Unfortu-
nately, this is not as easy as it sounds. There are quite
a few well-known manufacturers and each makes a
bewildering variety of antennas. No one type of antenna
is “best” for all reception conditions. There are, how-
ever, a number of guidelines that can help you to
choose the right antenna for cach specific reception area.

Some antennas are made for v.hf. only (channels 2
through 13), others for uw.h.f. only (channels 14 through
§3), and still others receive all 82 channels. Many install-
ers prefer to use 82-channel antennas even in v.h.f.-
only areas in order to accommodate any new u.h.f.
stations that might go on the air.

TV signals get weaker as they travel away from the
transmitter. Table 1 indicates the approximate distances
at which TV signals can be received. Remember, how-
ever, that these distances are based on nearly perfect,
problem-free areas. Put a hill, a tall building, or, in
some cases, even a few high trees, between the trans-
mitting antenna and the receiving antenna and these
distances may have to be revised downward.

Also, the distance from which a TV signal can be re-
ceived is affected by the channel frequency. The higher
the frequency, the greater the signal loss. Thus, while
you may be able to receive channel 14 at 90 miles, you
probably can’t receive channel 70 at that distance. The
same sort of effect would occur in comparing reception
of channel 2 with that of channel 13.

TV signals travel through space in at least three ways:
1. line-of-sight, 2. surface waves, and 3. waves reflected
from ionized layers in the upper atmosphere.

Surface waves follow the curvature of the earth.
They are very reliable at AM radio frequencies, which
is why AM antennas are so small and simple. Surface
waves at TV and FM frequencies, however, are very
quickly absorbed.

Reflected waves are unreliable and unpredictable.
The ionized layers in the upper atmosphere shift from

V. H. F. U. H. F. |
Local Signal 0 to 15 miles 0 to 15 miles
Medium Signal 15 to 40 miles 15 to 30 miles
Fringe Signal 40 to 80 miles 30 to 60 miles
Deep Fringe Signal 80 to 120 miles 60 to 90 miles J

Table 1. Approximate distances for good TV reception.

Fig. 1. (A) Basic center-fed 75-ohm half-wave dipole.
(B) Folded half-wave dipole has 300-ohm imped-
ance. (C) Top-view polar chart of half-wave antenna.
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Voltage Voltage Voltage
dB  Times(X) dB  Times(X) dB  Times(X)
1 1.12 6 2 11 3.55
2 1.25 7 2.25 12 4
3 1.4 8 2.5 13 45
4 16 9 275 14 5
5 1.8 10 3.16 15 56

Table 2. Decibel (dB) to voltage gain conversions.

DIPOLE WITH DIRECTORS
AND REFLECTORS
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.\
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Fig. 2. (A) Folded dipole with reflector. (B) Polar
pattern of dipole with reflector, director elements.

day to day and hour to hour. Reflected waves are pri-
marily responsible for the amazing distances at which
both radio and TV signals are occasionally received.
Reflected waves are friends of the patient DX-er, but
we just can’t count on them for consistent TV reception.

This leaves us with straight line-of-sight waves. At
low v.hf. frquencies, some bending does occur due to
refraction of the atmosphere, but to a great extent,
vou can’t get good TV reception over the horizon. Of
course, you can always increase the effective horizon by
increasing the height of your receiving antenna.

Some antennas pick up more signal than others. To
make uniform, valid comparisons of relative antenna
efficiency, engineers have chosen the simple half-wave
dipole (see Figs. 1A and 1B) as a standard.

The amount of signal picked up by a standard half-
wave dipole at any given location or distance from the
transmitter is known as unity gain or 0 decibels (dB).
An antenna that picks up twice as much signal voltage
as a standard dipole at a given location is said to pro-
vide 6-dB gain. Of course, the antenna is a passive
device. It doesn’t actually amplify the signal; it simply
captures more of the signal available in that area, in a
given direction, at the expense of signal in other direc-
tions.

Table 2 shows how to convert dB to signal voltage.
Remember that 0 dB is not equal to zero signal or zero
times. It is equal to 1 time. From Table 2 you can see
that an antenna specified at 10-dB gain picks up about
three times as much signal voltage as a standard dipole.

All TV antennas, including the simple dipole, are
directional. In other words, they must be aimed or
oriented in the right direction in order to pick up
maximum signal.

The directivity of an antenna is gencrally indicated
by a polar plot. A polar plot is derived by rotating an
antenna and measuring signal pickup for each direc-
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Kay Townes
Type GA-310
all-channel
TV antenna.

S & AUVM30
combination

v.h.f./u.h.f.

JFD LPV-CTC log-
periodic TV antenna.

Zenith Type 973-92
near-fringe model.

Gavin Type 1134
TV antenna for
deep-fringe use.

Blonder-Tongue #4662
u.h.f. kit for adding to
existing v.h.f. system.

Jerrold Model VU-934
v.h.f./u.h.f. antenna.
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Full Full Full
Wavelength Wavelength Wavelength
Ch. InAir(in)  Ch. InAir(in) Ch. In Air (in)
V.H.F.
2 205 6 138 10 60%
3 186 7 66% 11 58%
4 170 8 64% 12 57
5 148 9 62% 13 55%
U.H.F.
14 25 44 18 64 15%
24 22% 54 167 74 14%
34 19% 83 13%

Table 3. Frequencies of the various TV channels along
with the lengths of a full wave measured in air. To
find the length of a half-wave antenna for the various
channels, simply halve the length shown and take about
95% of your answer. Because of ‘‘end effect,” antenna
element operates as though it were about 5% longer.
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Fig. 3. (A) ldealized gain curves for v.h.f.-FM antenna.
(B} Actual curve of an older antenna once widely sold.

tion in which it is aimed. Fig. 1C shows the polar plot
of a standard dipole. Notice that the dipole (dotted
pattern) receives signals equally well from front (0°)
and back (180°). However, it doesn’t receive signals
from the sides (90 and 270 degrees). The curves on the
polar plot are called “lobes.” Notice that the front and
back lobes on a half-wave dipole are equal in size.

In almost all cases, the back lobe is worse than use-
less. However, we can eliminate the back lobe and
increase the forward pickup of the antenna by adding
elements to the antenna. Fig. 2A shows a dipole with a
reflector element behind it. There is no electrical con-
nection between the dipole and the reflector. Its func-
tion is similar to that of a flashlight reflector. Some of
the TV signal from the transmitter hits the reflector,
which bounces it back into the dipole. Director ele-
ments can also be used in front of the dipole, to focus
more signal energy into the dipole. The effect of adding
directors and reflectors to the dipole is shown in Fig. 2B.

It is impossible to eliminate the back lobe entirely.
But one criterion of a good antenna is that it have a
high front-to-back ratio. In other words, the front lobe
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should be much greater than the back lobe, to prevent
pick-up of unwanted signals.

Antenna Flatness

Up to this point, we have assumed that the antenna
worked equally well on all TV channels. However, this
is not the case. As indicated in Table 3, a full-wave
dipole for channel 2 is about 205 inches long while a
full-wave dipole for channel 13 is only 554 inches long.
Therefore, a dipole cut for channel 18 won’t be very
efficient for picking up channel 2.

Rather than use antennas cut for a single channel,
most antenna manufacturers use elements cut to com-
promise lengths in order to produce broad-band anten-
nas covering all channels. However, no broad-band
antenna is perfectly flat, picking up all channels equally.
Most antennas, in fact, are deliberately designed to
provide more gain at the higher frequencies where it
is usually needed.

Fig. 3A shows an idealized curve for a v.h.f.-FM an-
tenna. Notice that gain gradually increases from chan-
nels 2 through 6 and then from 7 through 13. Fig. 3B,
on the other hand, is an actual curve of an older type
of antenna once sold widely. Notice that gain fluctuates
rather wildly. This causes little difficulty with black-
and-white reception, especially if the low-gain channels
are not used in the area. But uneven response can ruin
a color picture, especially if there is a severe drop-off
in gain at the color-carrier frequency. The celor carrier
is detected in phase, so that any significant tilt in
frequency response shifts the phase of the color signals,
changing colors on the TV screen. If there is not enough
gain at the color-carrier frequency, then color will be
lost altogether.

Antenna engineers generally agree that response
within any single TV channel should be flat within
1 dB for really good color pictures.

Height and Position

In general, the higher you get the antenna, the more
signal it will pick up. Extra height means fewer obstruc-
tions in the way of the signal. However, it is not at all

»>

Table (right) shows antennas recommended by various
antenna manufacturers for different signal areas. All
antennas are outdoor types. We have limited each man-
vfacturer to a single choice; in many cases, there are
other antennas in the company’s line with somewhat
different gains and directional characteristics but at
least we have given our readers a good starting point,
Most of the antennas are general-purpose types where
no special installation or interference problems exist.
The suggested retail prices are given below each model.
Although it is difficult to give exact mileage figures
for local, medium, and fringe areas; in general, local
signals are received in metropolitan areas within about
15 miles of the TV transmitters, medium signals are
for suburban areas from about 15 to 40 miles, and fringe
signals are for distances from about 40 to 80 miles and
beyond. It is frequently possible to combine a v.h.f.
antenna with a u.h.f. antenna provided a splitter and/
or stacking bars are used. We have not listed such ar-
rangements in our combination antennas, however. Our
listings are only for those combination antennas that
are sold in a single package or as a single antenna kit.
Most of these antennas, although designed mainly for
color-television, can be used for FM reception as well.
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RECOMMENDED ANTENNAS FOR VARIOUS SIGNAL AREAS

V.HF. ONLY U.HF. ONLY V.HF.—-U.H.F. COMBINATIONS
A__ / A A
/ / / \ V.H.F. LOCAL SIGNAL V.H.F. MEDIUM SIGNAL V.H.F. FRINGE SIGNAL /
) . ) ) U.HF. U.H.F. UHF. U.HF. U.H.F. UHF. UH.F. UH.F. UHF.
MANUFACTURER Loca) Medium ﬂ__ﬁm Local Medium Fringe Local Medium Fringe Local Medium Fringe Local Medium Fringe
Signal Signal ignal Signal Signal Signal signal Signal signal Signal Signal Signal signal Signal Signal
Antennacraft Co. CS-500 CS-800 CS-1000 Y-11G Y-20G Y-28G Big Shot 8 CDX-650 CDX-750 CDX-750 CDX-850 CDX-1050 CDX-1050 CDX-1050  CDX-1050
$12.95 $39.95 $69.95 $9.95 $14.95 $19.95 $9.95 $24.95 $34.95 $34.95 $44.95 $69.95 $69.95 $69.95 $69.95
Blonder-Tongue Labs. Inc. 0610 0611 0613 3518 0511 0512 0711 0711 0712 0713 0713 0714 0718 0718 0719
UR-6 UR-6 UR-11 UR-6 UR-6 UR-11 UR-6 UR-6 UR-11
$16.97 $24.56 $30.48 $8.46 $14.00 $22.00 $32.76 $32.76 $41.73 $39.36 $39.36 $47.75 $44.98 $44.98 $54.95
Channel Master 3615 3612 1210 4315 4313 4314 3668 3667 1262 3665 1252 1251 3662 3661 1211
$17.50 $46.95 $79.95 $11.80 $18.48 $25.56 $20.95 $23.95 $30.95 $32.95 $49.95 $56.95 $69.95 $82.95 $96.95
Finney Co. CS-v5 CS-vio CcS-vi18 CS-U1 CS-U2 CS-U3 CS-Al CS-A2 CS-A3 CS-B1 CS-B2 CS-B3 CS-C1 CS-C2 CS-D3
$18.95 $39.25 $61.95 $10.95 $16.95 $24.75 $21.95 $26.50 $34.50 $33.75 $44.95 $55.95 $49.50 $58.25 $78.50
Gavin Instruments 1011 1019 1026 CR-5 CR-5 CR-10 1106 1113 1122 1110 1118 1122 1118 1122 1134
$23.95 $41.95 $62.50 $6.75 $6.75 $11.50 $17.50 $29.95 $47.95 $22.95 $39.95 $47.95 $39.95 $47.95 $67.95
Jerrold Electronics Corp. VIP-301 VIP-303 VIP-306 PAU-450 PAU-700 PAU-900 VU-931 VU-932 PXB-48 VU-932 VU-933 PXB-65 vU-934 VU-934 VU-935
$16.95 $32.95 $59.95 $9.95 $14.95 $25.95 $22.95 $30.95 $27.95 $30.95 $41.95 $47.95 $51.95 $51.95 $64.95
JFD Electronics Co. LPV-6L LPV-11L LPV-17L LPV-UCL 13 LPV-UCL 22 LPV-UCL 26 | LPV-CL55  LPV-CL240 LPV-CL260 LPV-VU30  LPV-CL400 LPV-CL600 LPV- LPV- LPV-
VU180 CTC1600 CTC1800
$24.70 $46.70 $68.80 $16.30 $29.90 $35.26 $20.95 $27.95 $44.52 $25.15 $48.25 $73.45 $60.85 $64.95 $79.95
Kay-Townes Ant. Co. GA-600G GA-300G GA-100G AAU-5G C-1G AAU-21G GA-720G GA-720G GA-510G GA-520G GA-310G GA-210G GA-520G GA-210G GA-110G
$18.90 $42.53 $65.33 $11.10 $11.15 $27.85 $21.27 $21.27 $46.70 $40.87 $55.32 $66.72 $40.87 $66.72 $79.51
Lance Industries LC-880 LC-881 1LC-884 KW4S LU-820 LU-840 LC-80 LC-81 LC-81 LC-81 LC-82 LC-83 L.C-38 LC-117 LC-119
$20.30 $29.90 $59.80 $7.95 $13.65 $34.35 $19.05 $27.65 $27.65 $27.65 $32.00 $58.25 $39.90 $50.75 $62.40
RCA Parts & Accessories 10B807 10B814 108825 10B705 7B140 78141 108907 10B912 10B917 10B910 10B917 10B925 108920 108925 108930
$15.95 $33.95 $62.95 $8.95 $8.95 $11.75 $14.95 $24.25 $29.95 $19.95 $29.95 $49.95 $39.95 $49.95 $64.95
RMS Electronics, Inc. STP-7 STP-11 STP-28 BT-4 u-9 U-15 DYN-33US  DYN-54US DYN-118US | DYN-54US  DYN-66US DYN-118US | DYN-88US DYN-118US DYN-158US
$14.45 $20.95 $56.95 $7.95 $9.95 $19.95 $19.95 $29.95 $44.95 $29.95 $34.95 $44.95 $44.95 $44.95 $49.95
S&A Electronics Inc. ST-6 ST-11 ST-20 UPW-12 UPW-26 UPW-36 UVM-20 UVM-30 UVM-35 UVM-25 UVM-30 UVM-35 UVM-35 UVYM-35 UVM-40
$13.50 $22.95 $49.50 $8.20 $19.25 $26.95 $19.70 $32.95 $44.70 $29.10 $32.75 $44.70 $44.70 $44.70 $58.75
Sylvania Electric 007-SG 1010-SG 2525-5G 2U 2U 4U 7VUSG 7VUSG 10VUSG 10vusG 10VUSG 22VUSG 25VUSG 32VUSG 32VUSG
Products Inc. $16.95 $34.95 $54.95 $11.95 $11.95 $19.95 $34.95 $34.95 $44.95 $44.95 $44 .95 $54.95 $64.95 $74.95 $74.95
Winegard Co. SC-51 SC-52 CW-46 U-965 U-975 U-995 SC-79 SC-80 SC-81 SC-81 CW-96 CW-98 CW-386 CW-98 CW-1000
$24.95 $34.95 $49.95 $14.95 $22.95 $32.95 $22.95 $29.95 $39.95 $39.95 $55.50 $72.50 $55.50 $72.50 $100.00
Zenith Sales Corp. 973-83 973-85 973-87 973-101 973-8 973-10 973-89 973-90 973-91 973-92 973-92 973-92 973-93 973-93 973-94
$19.95 $39.95 $59.95 $8.95 $14.95 $31.95 $21.95 $29.95 $36.95 $49.95 $49.95 $49.95 $59.95 $59.95 $79.95
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Fig. 4. Ghosts result from direct and reflected signals.

unusual to find “hot” and “dead” spots at various
heights, especially at u.h.f.

The only accurate way to determine how high the
antenna should be mounted is to make a signal survey,
using a test antenna connected to a field-strength meter.
Unfortunately, this is a difficult, time-consuming pro-
cess. To do a really good job, you have to survey the
signal reaches the receiving antenna via two paths —
a period of 24 hours or more, for each channel to be
received. MATV and CATYV system installers can go to
this trouble and expense, but it is generally not practical
for a home installation.

For mechanical simplicity, you're better off to keep
the antenna as low as possible. A 5- to 10-foot mast is
a lot easier to install than a 20-foot mast. In fringe and
deep-fringe areas, you'll need quite a bit of height, but
it's not a bad idea to start off low and add 5-foot sections
only if they are needed. Of course, once you have made
a few installations in a given area, you'll know how high
you need to go.

Incidentally, in metropolitan and surburban areas, it’s
a good idea to consider attic installations. Keeping the
antenna indoors simplifies the installation and makes it
last longer.

Eliminating Ghosts

More TV pictures are ruined by “ghosts” or multiple
images, than by any other cause. Ghosts are caused
by reflections, as shown in Fig. 4. The same transmitted
signal reaches the receiving antenna via two paths—
one direct and one reflected from a building, hill, water
tower, or some other obstruction.

The trouble is caused by the fact that the reflected
signal travels farther, therefore it reaches the antenna
a split second later. Since TV signals travel through the
air so rapidly (about 1000 feet per microsecond), you
might think that the delay would not be important.
But the horizontal oscillator in a TV receiyer sweeps
the electron beam across the picture tube very rapidly
too, at about 53 microseconds across the screen. If the
picture is 20 inches wide and if the reflected signal
travels only an extra 1000 feet, the “ghost” is displaced
by about 1/53 of 20 inches or almost 4/10th of an inch
to the right of the direct image.

Closely spaced ghosts appear on the screen as fuzzy
smears that can be ignored on a monochromé receiver.
But on a color screen, not only is the ghost displaced
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to the right, but it introduces extraneous new colors
to the picture. That’s why it’s so important to eliminate
ghosts for good color reception.

The best way to eliminate ghosts is to get an antenna
that is highly directive, with good front-to-back ratio
and a single, narrow front lobe. Then, orient the antenna
for minimum ghost pickup, rather than maximum direct
signal pickup.

In really difficult signal areas, you can try horizontal
stacking of two identical directional antennas. If you
space and orient the two antennas properly, they pick
up reflected signals that are equal in amplitude, but
180° out-of-phase. Thus, reflected signals cancel each
other out; the direct signals are received in-phase.

Types & Construction

One type of antenna used for today’s color installa-
tions, the yagi, is noted for high gain and excellent
directivity. However, many early yagi designs were
not flat enough for good color reception.

It was primarily for this reason that the log-periodic
antenna was developed. Like the yagi, the log periodic
uses groups of elements tuned to specific channels. The
distinguishing feature of the log periodic is that the
elements are spaced logarithmically and tapered from
front to back. Log-periodic antennas are noted for
fatness.

In both types of antennas, a single element may reso-
nate in two or more modes to pick up two or more
channels. For example, an 80-inch element is about a
half wavelength long at channel 4 and about 3/2 wave-
lengths long at channel 12. Using double-duty elements
makes today’s antennas more efficient, but it does
cause some problems. Elements resonating the 3/2
wavelength mode pick up signals quite well, but they
have side lobes, which can easily pick up unwanted
signals.

To eliminate side lobes, manufacturers use a num-
ber of devices, such as angling elements forward or
using special resonating devices. In any case, there is
little to choose between modern, well-designed yagis
and log periodics. Most of today’s yagis are quite flat
and most of today’s log periodics are designed to pick
up just as much signal as equivalent yagis. In addition,
there are other elaborate types produced by some manu-
facturers that are neither yagis nor log periodics but
use an array of interconnected and driven elements to
produce the desired gain and directivity.

Another type of antenna is designed specifically for
metropolitan areas. In metropolitan areas, gain is no
problem. Signals are, if anything, too strong. Metro-
politan type antennas are designed to overcome the
problem of ghosts. Therefore, they are made not to
pick up weak signals, but they use reflectors, phasing
harnesses, traps, and other devices tqa minimize pick-up
of reflected signals.

When you put up an antenna, you want it to last—
to deliver top-quality pictures for many years. There-
fore, mechanical construction is vitally important.
Booms and antenna elements should be as heavy and
strong as possible. Elements should be braced internally.
Contacts should be secure—the type that tightens
rather than loosens in the wind. And the entire antenna,
including mounting hardware, should be protected by
a corrosion-resistant coating. e
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Stetep Review's

STEREO TEST
RECORD

MODEL SR12
FOR HOME AND LABORATORY USE

A WIGHLY EFFECTIVE AND ACCURATE TOOL
EVALUATING STEREC SYSTEMS

New Standard in Stereo Testing! The All-New

Model SR12 STEREO TEST RECORD

The most complete . .. most sophisticated . ..

most versatile Test Disc available today!

Whether you're an avid audiophile who'll settle for nothing but peak
performance from his stereo components ... a casual listener who'd
like more insight into the challenging world of stereo reproduction
... or a professional technician who needs precise standards for lab
testing . . . the new MODEL SR12 will be the most important disc
in your entire collection. SR12 has been produced by Stereo Review
Magazine for music lovers who want immediate answers to ques-
tions about the performance of their stereo systems and how to get
the best possible sound reproduction. SR12 is the most complete
test record of its kind—containing the widest range of checks ever
included on one test disc.

MAKE THESE IMPORTANT STEREO CHECKS BY EAR . ..
(NO INSTRUMENTS OF ANY KIND REQUIRED)

FREQUENCY RESPONSE — a direct warble-tone checx of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz e SEPA-
RATION — indicates whether you have adequate separation for good
stereo @ CARTRIDGE TRACKING — devised for checking the per-
formance of your cartridge, stylus and tone arm e CHANNEL BAL-
ANCE — two broad-band, random-noise signals which permit you to
eliminate any imbalances originating in cartridge, amplifier, speak-
ers or room acoustics @ HUM AND RUMBLE — foolproof tests that
help you evaluate the actual audible levels of rumble and hum in
your system e FLUTTER — a sensitive “musical” tast to check
whether your turntable’s flutter is low, moderate, or Figh e PLUS:
Cartridge and Speaker Phasing e Anti-Skating Adjustment e *“‘Gun
Shot Test” for Stereo Spread e Multi-purpose Musician’s "A” e
Equal-tempered Chromatic Octave e Guitar-tuning Tones.

FOR THE ULTIMATE IN STEREO TESTING,
7 CRITICAL TEST EQUIPMENT CHECKS . ..

Attention professionals: Model SR12 is also designed to be used as
a highly efficient design and measurement tool. In the following
tests, recorded levels, frequencies, etc. have been controlled to lab-
oratory tolerances—affording accurate numerical evaluation when
used with oscilloscope, chart recorder, output meter, intermodulation-
distortion meter and flutter meter.

® 1,000-Hz square waves to test transient and high-frequency re-
sponse of phono pickups. e 500 to 20,000 Hz frequency-response
sweep. e Sine-wave tone-bursts to test transient response of pick-
up. e Intermodulation test using simultaneous 400-Hz and 4,000-Hz
signals. e Intermodulation sweep to show distortion caused by ex-
cessive resonances in tone arm and cartridge. e 1,000-Hz reference
tones to determine groove velocity. @ 3,000-Hz tone for flutter and
speed tests. ® Sample waveforms — lilustrating both accurate and
faulty responses are provided in the Instruction Manual for compari-
son with the patterns appearing on your own oscilloscope screen.

8 Page Instruction Manual
includes detailed instructions,
charts, tables and diagrams.

THE
2 MOST
IMPORTANT

RECORDS IN
YOUR ENTIRE
COLLECTION!

Only $498 each

Stereo Review STE REO‘
DEMONSTRATION
'REO

The Most Spectacular Sound Exhibition
of STEREO FIDELITY
Ever Available on one Disc.

This record is the result of two years of intensive research in the
sound libraries of Deutsche Grammophon Gesellschaft, Connoisseur
Society, Westminster Recording Company and Cambridge Records
Incorporated. The Editors of Stereo Review have selected and edited
those excerpts that best demonstrate each of the many aspects of
the stereo reproduction of music. The record offers you a greater
variety of sound than has ever before been included on a single disc.
It is a series of independent demonstrations, each designed to show
off one or more aspects of musical sound and its reproduction.
Entirely music, the Record has been edited to provide self-sufficient
capsule presentations of an enormous variety of music arranged in
a contrasting and pleasing order. It includes all the basic musical
and acoustical sounds that you hear when you listen to records,
isolated and pointed up to give you a basis for future critical listening.

WIDE RANGE OF DEMONSTRATIONS
e Techniques of Separation & Multiple Sound Sources e Acoustic
Depth @ Ambiance of Concert Hall @ Sharp Contrasts of Dynamics
@ Crescendo & Diminuendo e Very High & Very Low Pitched Musical
Sounds e Polyphony (2 or more melodies at once) With Both Similar
& Contrasting Instruments e Tonal Qualities of Wind, String & Per-
cussion Instruments e Sounds of Ancient Instruments @ Sounds of
Oriental Instruments e Sound of Singing Voice, Both Classically
Trained and Untrained e Plus a Large Sampling of Finger Snap-
ping, Hand Clapping, Foot Stamping & Other Musical & Percus-

sive Sounds.
13 SUPERB SELECTIONS

STRAUSS: Festive Prelude, Op. 61 (excerpt) DGG.

DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society.
BEETHOVEN: Wellington's Victory (Battle Symphony) (excerpt from
the first movement) Westminster Records.

MASSAINO: Canzona XXXV a 16 (complete) DGG Archive.
CORRETTE: Concerto Comique Op. 8, No. 6, “Le Plaisir des Dames’
(third movement) Connoisseur Society.

KHAN: Raga Chandranandan {excerpt) Connoisseur Society.
RODRIGO: Concert—Serenade for Harp and Orchestra (excerpt from
the first movement) DGG.

MANITAS DE PLATA: Gypsy Rhumba (complete) Conn. Soc.
MARCELLO: (arr. King): Psalm XVII “The Heavens are Telling”
(complete) Connoisseur Society.

PRAETORIUS: Terpsichore: La Bourrée XXXil (complete) DGG
Archive.

BERG: Wozzeck (excerpt from Act I1l} DGG.

BARTOK: Sonata for two pianos and Percussion (excerpt from the
first movement) Cambridge Records.

BEETHOVEN: Wellington’s Victory (Battle Victory) {excerpt from the
last movement) Westminster.

Descriptive Booklet Enclosed includes discus-
sion of the selections on the record, plus a
complete description of each selection and the

purpose behind its demonstration.

NOTE — THE STEREO DEMONSTRATION RECORD ONLY IS AVAILABLE IN YOUR CHOICE OF 33% RPM OR 45 RPM

Both the Model SR12 Stereo Test Record and Stereo Demonstration Record are processed and pressed on a newly developed, improved vinyl. [t is permanently
anti-static, repels dust and dirt and promotes longer stylus wear. The use of this material is conductive to low surface noise and contributes to the produc-
tion of tull dynamics and frequency range. The record continually looks new, sounds new and wears longer.

r-------------------------------—---------------1

RECORDS -« Ziff-Davis Service Division
I ]
595 Broadway * New York, N.Y. 10012 i
I Prlntﬁme B - - I
I My check {or money order) for § —— o _is enclosed. Address I
Please send: o
I Stereo Review Stereo Demonstration Records at $4.98 each, postpaid. City B o I
B Check one: (] 33% RPM ] 45 RPM State Zip i
[ ] Model SR12 Stereo Test Records at $4.98 each, postpaid. — — [ |
B (Outside U.S.A. please send $7.00 per record ordered.) New York State residents PAYMENT MUST BE ENCLOSED WITH ORDER 1S-70 |

please add local sales tax.

L-----------------------------------------------J
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COMPONENTS e TOOLS e

TEST EQUIPMENT e

HI-FI e CB

¢ AUTOMOTIVE e P.A.

Additional information on the items covered in this section is available
from the manufacturers. Each item is identified by a code number. To
obtain further details, fill in the coupon on the Reader Service Card.

ANTENNA ROTATOR DATA

A colorful four-page data sheet cover-
ing four of the company's most popular
antenna rotators can be yours for the
asking.

Decorator-designed control units are
pictured and fully described as to elec-
trical and mechanical features, dimen-
sions, and shipping weights. The com-
panion rotators are listed with full details
on their operation and installation rec-
ommendations.

Free copies of ‘‘Direction Makes the
Difference’’ are available on request.
Alliance

Circle No. 36 on Reader Service Card
* ko

““ELECTRONICS FOR EVERYONE"

And that is just what you will find in
the new 1970, 552-page catalogue be-
ing offered here.

llustrated and described with detailed
specifications are the major brands of
hi-fi components and music systems,
record changers and phonographs, a
large selection of tape recorders in all
price ranges—including the new cas-
settes; AM-FM and multi-band radios;
TV sets in various styles and with vari-
ous size screens; CB two-way radios
and accessories; ham gear; public-ad-
dress amplifiers, speaker systems, and
accessories; electronics and associated
hobby kits; auto radios and tape play-
ers; test instruments and meters; an-
tennas, boosters, rotators and cable;
tools and technical bhooks; and thou-
sands of electronic components.

A copy of Catalogue 200 is yours for
the asking. Allied Radio

Circle No. 37 on Reader Service Card

* * *
REGULATED POWER SUPPLIES

Two single-page data sheets on regu-
lated power-supply modules (Series MS)
and regulated power supplies (Series
PS) are ready for distribution.

There are 12 models in the Series
MS line with voltage ranges from 0-5
volt to 25-30 volt units. Currents from
0 to 3 amperes are available. All the
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units feature good regulation and low
ripple, solid-state design, remote pro-
gramming and sensing, and load and
short-circuit protection.

The PS Series is offered in three
models: single, dual, and dual tracking.
All are compact and lightweight, have
low ripple and drift, all-silicon circuitry,
panel current and voltage metering, re-
mote programming and sensing, and
are small, compact, and rugged. Out-
put is O to 30 volts at 0 to 400 mA
with current level up to 1 amp at de-
rated specifications. AUL Instruments

Circle No. 38 on Reader Service Card

* * *
HEAVY-DUTY ROTATORS

If antennas in your service area get
a real buffeting by high winds, you will
undoubtedly recommend and install a
heavy-duty rotator to handle the job.

Among the units available are spur-
gear trains with built-in steel thrust
bearings in weatherproof housings. One
such rotator is described in a 4-page
data sheet on ‘‘Colorotors.”” The rotator
is designed to be used with any one of
four decorator-designed control units,
all of which are pictured and described
in detail in the brochure. Channel
Master

Circle No. 39 on Reader Service Card

* * *
CD IGNITION SYSTEM

The ““Tiger SST'' is a new heavy-duty
capacitive-discharge ignition system
which you can have in either factory
assembled or kit versions. The “‘Simpli-
Kit"" version is desi ned to be easily

assembled by anyone—even those with
no prior electronic experience, By fol-
lowing simple step-by-step instructions
and illustrations, the finished unit is
comparable to the factory-assembled
product.

Both systems extend spark plug and
breaker point life up to 100,000 miles
and increase gas mileage as much as
159, according to the company.

A data sheet on the “Tiger' is avail-
able on request. Delta International

Circle No. 40 on Reader Service Card

* * *
KITS...KITS...KITS

Over 300 electronic kits — literally
something for everyone — are pictured
and described in a new 116-page 1970
product catalogue now being distrib-
uted.

The line includes stereo/hi-fi com-
ponents; ham radio gear; marine gear;
test, service, and lab equipment; Citi-
zens Band radios; short-wave receivers;
photographic aids; educational Kits;
electric guitar amplifiers and accesso-
ries; plus a wide range of home and
hobby items, including color and black-
and-white TV sets, electric organs, AM/
FM table model receivers; home pro-
tection systems; garage door openers;
intercoms; stereo compacts; automo-
tive kits; and control equipment for
models.

If you can't resist the lure of trying
your hand at building your own equip-
ment, a copy of this catalogue is a
““must.” Heath

Circle No. 41 on Reader Service Card
* ok

TEST EQUIPMENT

A quick reference catalogue (69D4)
providing brief descriptions of an ex-
tensive line of test equipment for the
service shop is available.

Included in this 8-page publication
is information on color-bar generators,
CRT testers, scopes, probes, radio an-
alyzers, signal generators, sweep gen-
erators, transistor testers, tube testers,
v.o.m.'s, and v.tv.m.’s.

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



If after reading the capsuled com-
ment on each item you want additional
specifications on any model, the com-
pany will supply the information you
require. Hickok

Circle No. 42 on Reader Service Card

L I S

SOLID-STATE CB RADIO

What is billed as the “‘world’s small-
est 5-watt radio’’ is now available for
service in the 27-MHz Citizens Band.
The solid-state mobile ‘‘Messenger
125" features push-button station se-
lection, slide-lever squelch and volume,
plus a unique solid-state ‘‘talk-power’’
circuit for high-performance two-way
communications.

This 5-channel unit measures only
1%e6” high x 41%,” wide x 7” deep
and weighs about 5 pounds. With its
small size it can be installed in virtu-
ally every automobile, including 1970
models. The radio can also be used as
a portable with an accessory battery

pack and carrying case. E. F. Johnson
Circle No. 43 on Reader Service Card
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SERVICE-TYPE INSTRUMENTS

A four-page data sheet covering nine
‘*service-engineered’’ test instruments
is ready for you.

Each of the instruments is pictured
and pertinent electrical and mechanical
specifications provided. Included in the
line are a dynamic tube tester, CRT
tester /booster, solid-state color gene-
rator, an audio sine/square-wave gen-
erator, a variable regulated power
supply, a dynamic output tube tester,
a vacuum-tube voltmeter, an in-circuit
transistor tester, and a wide-band os-
cilloscope-vectorscope. Jackson
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DISTRIBUTION-SYSTEM KITS

Four new home kits, designed to
make any home a complete entertain-
ment center, have just been introduced.
Each kit is capable of providing one FM
or up to four TV programs, in as many
locations, from a single antenna. Each
kit contains a solid-state amplifier, wall
plates, surface mounting housings, and
all necessary signal splitters and match-
ing transformers. Kits are available for
city, suburban, and fringe reception
areas, using 300-ohm twin-lead or 75-
ohm coax.

The Model HS41-300 is for 300-ohm
installations in the city or suburban
areas; Model HS41-75 is for 75-ohm
installation in city or suburbs; Model
HS42-300 is for 300-ohm installation
in fringe or weak signal areas while the

1970 EDITION

Model HS42-75 is the 75-ohm version
of the fringe model.

A colorful 8-page brochure covering
these systems is available. JFD
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ANTENNAS FOR EVERY NEED

The company's line of ‘‘Golden Ar-
row'' antennas for u.h.f./JFM/v.h.f. or
FM/v.h.f. channels 2 to 13 are pictured
in a four-color folder which is yours
for the asking.

There are models for deep fringe,
near fringe, city, and near-fringe v.h.f./
deep-fringe u.h.f.—in any combination
required. Each antenna is supplied with
a bandsplitter at no additional charge.
Kay-Townes

Circle No. 46 on Reader Service Card

* *  %x

IGNITION SYSTEM SPECS

Performance specifications on the
‘‘electronic magneto’’ ignition system
are included in a one-page data sheet
and a reprint from ‘““Speed & Custom
Dealer.”

This silicon transistor system is de-
signed to be used in cars, trucks, buses,
boats, tractors and lift trucks, and in
industrial engines. It measures 715" x
314" and the system is zener-diode
protected. It provides a minimum of
30,000 volts with a rise time of 0.5
microsecond. The same unit can be
used on either 6- or 12-volt systems,
single- or dual-point ignition distribu-
tors. Both negative- and positive-ground
systems are available, Judson
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TV/FM ANTENNAS GALORE

A lavish new 28-page catalogue,
covering all-channel v.h.f./FM/u.h.f,;
v.h.f./FM; FM, indoor, and u.h.f. an-
tennas for any reception contingency,
is ready for distribution.

In addition to providing complete
technical information on each type and
model antenna, the catalogue lists a
line of antenna installation aids, an-
tenna preamps, a TV camera, 300-ohm
products, home systems, 75-ohm prod-
ucts, and outlets, connectors, and
transformers. Each antenna is pictured,
polar patterns and gain charts are sup-
plied on each model, and recommended
applications are outlined to make it
easy to pick the right antenna for the
job. Jerrold
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TECHNICIAN'S TEST EQUIPMENT

You can usually spot a “‘pro’’ by the
equipment he uses and a complete line

DON'T WASTE

COSTLY TIME!

Simply pack up your defective tuner
and mail to

THE TV TUNER SERVICE
OF THE WEST

Tuner is cleaned, defective parts are
replaced . . . then your tuner is
aligned to exact factory specifica-
tions on all channels. Tuner is re-
turned promptly with a 3 month
warranty.

ALL THIS FOR THE
LOW PRICE OF

Let Us Solve
YOUR TUNER PROBLEMS

(transistors,
tubes and
parts are
extra)

TV TUNER SERVICE

P. O/ BOX 793

TWIN FALLS, IDAHO 83301

CIRCLE NO. 18 ON READER SERVICE PAGE

s World's largest
selections

o Factory OEM prices
e Reliable service

)=
1970 ALLIED
600-PAGE INDUSTRIAL
ELECTRONICS CATALOG

600 pages, over 60,000 items—by
far the largest, most comprehensive
electronics catalog in the world.
Circle reader service card for your
free copy, or send postcard to:

ALLIED ELECTRONICLS Dept. 701
100 N. Western Ave., Chicago, ill. 60680

FEATURING

€8] DEARBO S

Allied's in-depth stocks of Dearborn wire and
cable are available to service the needs of the
industrial, military, and electronics market.
Allied can supply any Dearborn wire and cable
to satisfy your requirements.

CIRCLE NO. 3 ON READER SERVICE PAGE
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of equipment for the professional serv-
ice technician is pictured and decribed
in a new 8-page brochure you can have.

Included is a vectorscope/color-bar
generator, a color-bar generator, sep-
arate vectorscope to be used with any
10-bar color generator, picture-tube
analyzer, an in-circuit transistor tester,
a transistor TV sweep circuit ana-
lyzer, CB analyzer and frequency me-
ter, an oscilloscope/vectorscope, regu-
lated power supplies, and various ac-
cessories. Lectrotech
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23-CHANNEL CB TRANSCEIVER

An 18-transistor, 23-channel CB
transceiver has been introduced as the
‘'Fieldmaster’”” Model TR-18.

It features 5 watts input and 31-4
watts output. Suppression of spurious
signals is 40 dB and frequency tole-
rance is =0.004 9. Receiver sensitivity
is 0.7 uV at 10 dB and image rejection
at 28 MHz is greater than 30 dB. Audio
output is 3 watts and squelch sensi-
tivity is 1 dB or less.

The transceiver comes with a dyna-
mic microphone with integral matching
transformer. The set is housed in a
heavy gauge steel cabinet with baked
lacquer finish. The unit measures 5%¢”

wide x 214” high x 9” deep. It operates
from 12.5-13.6 volts d.c. Chas. A. Mes-
senger
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KITS/WIRED TEST GEAR

A 12-page brochure which lists a
wide assortment of electronic test in-
struments in both kit and wired versions
is available.

It provides complete specs on an
oscilloscope/vectorscope, an FET me-
ter, a mutual-conductance tube tester
and grid-circuit analyzer, a tube tester,
a picture tube analyzer/rejuvenator, a
professional v.t.v.m., a compact tube
tester, a solid-state generator, an in-
circuit capacitor tester, a component
substitutor, a wide-band scope, a regu-
lated power supply, and a line of self-
service tube testers and indoor anten-
nas. Mercury
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CB LINE BROCHURE

A pocket-size brochure that pictures
and describes an extensive line of CB
equipment is available as EP-6001.

Included are hand-held transceivers
of various wattages and channel capaci-
ties, base/mobile units, mobiles, and
a line of CB accessories.

You can have a copy of this handy
folder on request. Midland
Circle No. 52 on Reader Service Card
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ANTENNA & ROTATOR GUIDE

A handsome four-color foldout chart,
suitable for posting on the shop wall,
is now available as a ‘‘Guide to Com-
plete Reception with Antennas and Ro-
tators.”

The chart is divided into four main
sections covering v.h.f./FM outdoor an-
tennas, u.h.f./v.h.f./FM outdoor anten-
nas, FM outdoor antennas, and u.h.f.
outdoor antennas. Each model is il-
lustrated and information on element
lengths, boom lengths, boom supports,
and kit/assembled availability given.
Companion rotators and controls are
also illustrated and described. RCA
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TEST EQUIPMENT FOR SERVICE

Sixteen pages crammed with infor-
mation on general-service test equip-
ment for industrial electronic and elec-
trical testing is what you will find in
Bulletin 20788.

There are v.o.m.’s, v.t.v.m.’s, multi-
testers, micro-testers, 5” oscilloscopes,
a 7" colorscope which displays color-
burst frequency, an in-circuit capacitor

1 1
TRANSISTORIZED V.M.'s/V.0.M.'s
RANGES* ACCURACY %
(FULL-SCALE) A.C.
b.C., A.C. OHMS/ A.C., D.C.+ [ D.C. INPUT | A.C. INPUT Z FREQUENCY | PRICE
MFR, MODEL | (r.m.s.) VOLTS | MID-SCALE CURRENT | RES. (MQ) (MQ—pF) p.c. A.C. RESPONSE | $(K-kit) REMARKS
B&K 176 0.1-5000 d.c. 10— 150uA- 99.95 Uses FET
0.5-1506 a.c. S5A
DELTA 3000 0.3—-1000 10—10M 0.03uA- 10 10- 42 +3 - 59.95 Uses FET, IC
300mA
EICO 240 1-1000 10—10M - 11 1- o3 +3 25Hz—2MHz 69.95
49.95(K) Uses FET
242 1-1000 10—-10M ImA—1A% 11 1- +3 =X 25Hz—2MHz 79.95 Uses FET
59.95(K) 6%>-in meter
HEATH IM—16 0.5-1500 10—10M — 11 1— +3 -+5 20Hz—1MHz 69.95 Line or batt. operated
46.95(K)
IM—-17 1-100 10—10M — 11 1- =3 + 10Hz—1MHz 21.95(K) Portable
IM—25 0.15-1000 10—10M 15uA— 11 10—-150 -3 + 10Hz—100kHz  120.00 Line or batt. operated
1500mAt 85.00(K)
MERCURY 4000 0.3—1000 d.c. 10—10M 300uA— 11 2-30 +3 + 10Hz—1MHz 79.95 Uses FET
1-1000 a.c. 1000mA Line or batt, operated
RCA WV-500B 0.5—-1500d.c. 10—10M 0.5—1500 11 0.8-70 +3 +3 30Hz--3MHz 79.00 Battery operated
1.5-1500 a.c. mA
SENCORE FE—14 1-1000 10—-10M 1ImA— 15 1029 +3 +5 10Hz—10MHz 69.95 Uses FET’S
1A
FE—16 1-1000 10—-10M lrrlmv 15 10-29 +1.5 =+3 10Hz—10MHz 84.50 Uses FET's
A
FE—149 0.5—-1500 6—60M 150uA— 15 15— +15 -3 10Hz—10MHz  149.50 Uses FET’s
S5A
SIMPSON 313 0.3-1000 10--10M 100uA— 11 10— F3 =+3 20Hz—100kHz  125.00 Uses FET's
1A Push-buttons
TRIPLETT 310—FET 0.3-600d.c. 50—50M 0.12— 10 5— +3 +4 70.00 Uses FET’s
3-600 a.c. 1.2mA hand-size
600 0.4—1600 d.c. 10—10M — 11 0.75— +3 +=3 82.00 Uses FET'S
4-800 a.c.
601 0.1-1000 d.c. 10—10M 10pA— 11 11— +2 =3 50Hz—-50kHz  150.00 Uses FET's
0.01-1000 a.c. 10mA+} Low-pwr. ohms
Full-scale readings for lowest and highest ranges. + A.C. and d.c. current ranges
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travel agent handle all the 3etter yet, tak= this
details. pictu-e of Mexicc to hinr.
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travel agent.
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leakage tester, temperature-measuring
instruments, appliance testers, carrying
cases, test leads, high-voltage probes,
temperature leads and probes—all pic-
tured and described in meticulous de-
tail. Simpson
Circle No. 54 on Reader Service Card
* * *

SOLID-STATE BASE STATION

The ““Flagship’ is a completely tran-
sistorized 23-channel CB transceiver
with an exclusive pulse eliminator de-
signed especially for base-station use.
This patented circuit eliminates elec-
trical impulse noise that often blanks
out weak signals.

The design incorporates an ultra-
sensitive double-conversion receiver, a
flat a.g.c. response, sharp crystal lat-
tice filter skirts to attenuate signals in
adjacent channels, and an effective
squelch circuit which permits sensitive

threshold adjustments from 1 to 50
uV.

The transceiver features an ““S” me-
ter, push-button controls, a digital
clock, transmit indicator, a p.a. volume
control, delta tuning, and silencer gain.
It is housed in a vinyl cloth covered
cabinet with teakwood panel and meas-
ures 51/, high by 1334 " wide by 1034 "
deep. Squires-Sanders
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* kK
TV ANTENNA CHART

A four-color TV antenna chart show-
ing all of the models in the “Super
Colortron’’ line is now available for dis-
tribution.

Each model is pictured and its fea-
tures are spelled out in tabular form
to make it easy to pick the right antenna
for the job. Included are 82-channel/
FM, v.h f./FM, v.h.f.Ju.h.f./FM, v.h f./

FM, u.h.f., and FM/stereo models. The
back of the chart contains information
on accessories, preamps, and special
features of the line. Winegard.
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SOLID-STATE CB RADIO

The Model J23-1 is a solid-state CB
radio which can operate on all 23 chan-
nels and comes complete with one
channel installed. The companion model
J23 comes with all 23 channels in-
stalled.

The unit features dual conversion,
provisions for external speaker and p.a.
operation, an external speaker jack, and
heavy-duty all-aluminum construction.

There are 21 silicon transistors and
six diodes. The circuit is built on a
glass-epoxy military type PC board. It
has triple amplified a.g.c., noise-im-
mune adjustable squelch, a high-volt-

OUTPUT COLOR PATTERNS VIDEO PATTERNS
POWER DIMENSIONS | WT.| PRICE
MFR. & R.F. SOUND R.F. VIDEQ| KEYED NTSC OTHER H \ CROSS- DOTS SINGLE CROSS- OTHER| H w D 1] $(Kit=K)
MODEL BATT. A.C. | CHANNELS | CARRIER (u¥) V., | RAINBOW BAR LINES LINES HATCH Dotv HAIR (in)
B&K J 3o0rg 5k 4 13 9 13x9 117 2Vs 7 93% 3 99.95
1242
B&K 4 3,4,0r5 5k 4 v v 2% 8% 8% 3 139.95
1245
single
CONAR 4 D- 7 2only or 4 50k 7 15 20 15X 20 300 4 s/ Hlire 3 10 9 5 121.50
680 CELLS 3 only single 89.50(K)
V line
|
EICO J 3 4 50k 10 4 13 10 13X10 130 8Y2 5% 63% 4 225.00
380A
EICO 6 C- J 3 50k 4 7 8 7X8 56 3 8% 81 3 105.95
385 CELLS 79.95(K)
b
HEATH J 2thru6 7 50k 1 J 3 bars ] 5 gXxg 81 3X3 5% 1312 8 612 114.95
1G-28 shading 79.95(K)
bars
HICKOK J 3,4 4 50k 2 J 18 18 18X18 324 10% 10% 5 6Ya 179.50
GC660 ors
JACKSON L4 2 thru 50k 4 4 15 20 15X 20 300 64 10 4% 9  149.95
X 100 6
KNIGHT-KIT J 3,4 4 10k 2 4 13 ] 13X9 117 stair- 4% 12 9% 12 79.95(K)
KG-685 ors step
LEADER J 5or6 10k 3 4 3 bars, 15 21 15X21 315 ' 4 2X3 3% 7% 7% 4% 149.00
LCG 388 rainbow
e =
LEADER 7 S5or6 10k 3 v 15 21 15X21 315 2% 7% 7Y% 3 99.00
LCG 389
LEAQER J S5or6 10k 3 4 3 bars 15 21 15X21 315 v 2Ya 7% 7% 3 11%.00
LCG 390
LECTROTECH J 3,4 100k 4 13 9 13X9 117 32 7% 9 S5Y2 9950
V6-B or5s
I.ECTROITECH 7 3,4 100k 4 13 9 13x9 117 7v. 8% 127 13 199.50
v7 ors
MERCURY 8¢C- J 3,4 100k 4 13 9 13xg 117 614 10 4y 5 89.95
1900 (1901)  CELL or5s (84.95)
RCA 4.2v 3or4 J 10k v 13 10 13X10 130 62 712 4 4 148.50
WR-502A MERC.
—
SENCORE 8¢C- 2,34, 2k J 13 9 13X9 117 33 9% 7% 7 129.95
M) CELLS 50r6
SENCORE 2 5.6V 2,34 2k 7 13 9 13x9 117 2¥2 844 5% 3 84.50
c619 MERC. 50r6
SENCORE J 2 thru v 2k 7 13 g 13x9 117 Mov- Mov- 10va 9Y% 4 9 169.95
CG153 6 able able
'Hybrid (includes tubes). Also includes vectorscope.
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age-regulated receiver, and an exclu-
sive isloated series noise gate. An a.c.
power supply for base-station applica-
tions is available. Sonar

Circle No. 57 on Reader Service Card
* * *
CD IGNITION SYSTEM
A capacitor-discharge ignition sys-
tem that is available for cars, marine

engines, or motorcycles is offered in kit
and assembled versions, positive- or
negative-ground, 24- 12-, or 6-volt
systems.

All models feature solid-state cir-
cuitry, treated fiber glass PC boards, all
necessary hardware, and complete in-
structions for installing the unit in less
than 15 minutes. Sydmur
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INSTRUMENT CABINETS

A four-page catalogue covering a

complete line of multi-purpose instru-

ment cabinets is available. It includes
dimensions, prices, and choices of
‘colored vinyl.

This line, which includes 32 basic
cabinet sizes, lends itself to the needs
of the electronic, medical, industrial,
and automotive industries. Beechwood
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* * *
P.A. HORNS & DRIVERS

A single-page data sheet (Form
1251) covering an extensive line of p.a.
horns and drivers is available. Pictured
and described are compound horns,
re-entrant horns and accessory line
transformers, convertible drivers, high-
power speaker systems, sound-rein-
forcements speakers, and paging speak-
ers. Complete technical specs are
included. Electro-Voice
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* * *

SOLDERING TIPS
A single-page data sheet which lists

1970 EDITION

Now With

Solid State Circu!tty
Rechargeable attenes

The FM-2400C provides an ac-
curate standard frequency sig-
nal for testing and adjustment
of mobile transmitters and
receivers at predetermined fre-
quencies between 25 and 500
MHz. Up to 24 crystals may be
inserted into the meter. The
frequencies can be those of
the radio frequency channels
of operation, and/or of the in-
termediate frequencies of the
receivers between 5 MHz and
40 MHz. Frequency stability
(standard) +=.001% from + 32°
to +122°F. Frequency stability
with built-in thermometer, cal-
ibrated crystals and tempera-

(= Fav-2400c¢
req uency

meiler...

w Completely Portable
s Tests Predetermined Frequencies
25 MHz - 500 MHz

ture corrected charts,=-.00025%
from +25°F to +125°F.
(.000125% special 450 MHz
crystals available)

FM 2400C
(Meter Only) ...... $445.00
RF Crystals
HiBand ... $24.00 ea.
(with temp. correction)
LoBand. ... ... 15.00 ea
(less temp. correction)
IF Crystals......... catalog price

Write for free catalog.

INTERNATIONAL

CRYSTAL MFG. CO,, INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102

CIRCLE NO. 11 ON READER SERVICE PAGE
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an extensive line of long-life soldering
tips is available as Form No. 1152-B.

These are Duotherm non-freezing
tips, iron coated and immunized, which
the manufacturer claims prevents tip
sticking and will outlast copper tips up
to 20:1.

All standard tip styles are included
in the line to fit any soldering iron and
soldering requirement. Hexacon
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NYLON CABLE TIE
A new line of cable ties, called
“Quik-Wrap,” has been introduced.
The 4” and 634" long ties are available
in natural nylon and other colors. De-
signed to save time on all kinds of

wire and cable bundling, the new units
may be used indoors or outdoors.

The lock or head of the wrap is
molded with a nylon tooth inside the
mouth. When pulled tight around a
bundle, the tooth is forced into saw-
shaped serrations on the inner surface
of the tie. Locking is said to be positive
and permanent.

A data sheet which lists all available
types will be forwarded on request.
Holub
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* * *
SINGLE-CABINET STEREO

The new ‘‘Stereo 1’ speaker system
is said to provide full-range, true stereo
reproduction in a single cabinet. De-
signed especially for music lovers with
a limited budget and even more limited
space, the new system is based on a
unique ‘‘Acousti-Matrix System’” in

118

which precisely metered sum-and-dif-
ference outputs are fed to carefully
directed arrays.

Frequency range is 30-20,000 Hz
and power rating is 35 watts per chan-
nel integrated program material. Im-
pedance is 8 ohms. The system uses
an array of full-range, high-compliance,
heavy-duty ‘‘Flexair’” speakers in a
specially designed, air-suspension en-
closure, which measures 13” high x
2134” wide x 11%4” deep. Jensen
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MATV DISTRIBUTION KITS

Four simple and easily installed
MATV distribution amplifier kits have
been introduced to meet virtually any
system requirement. Each kit consists
of all components necessary for a two-
outlet amplified system. A kit for each
of the most widely used types of lead-in
wire is available: RG-59/U coax, BC6 /U
coax, flat 300-ohm twin-lead, and en-
capsulated or shielded twin-lead. Each
kit contains a broadband 25-dB ampli-
fier designed to handle additional out-
lets if a larger system is desired.

The coax kits include two wall taps
and two matching transformers; the
twin-lead kits contain two wall plates
and a coupler. All necessary mounting
hardware is included. Mosley
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TEST INSTRUMENTS

A brand-new catalogue listing test
instruments for TV, FM radio, and audio
servicing is now ready for you.

It lists and describes color-bar pat-
tern generators, scopes, scope/vector-
scopes, an FET multimeter, a v.t.v.m.,
in-circuit transistor checker/circuit
tracer, TV field-strength meter (v.h.f.
and u.h.f.), r.f. signal generators, sine/
square wave generators, TV-FM sweep/
marker generator, grid-dip meter, and
probes. Leader
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SOLID-STATE SOLDER GUN

A new solid-state, transformerless
soldering gun, designed for profession-
als, is now available as the Model 6760.

Weighing only five ounces, the gun
is especially suited to soldering opera-
tions on integrated circuits and FET’s.
This is insured by electrically isolating
the soldering tip from the heating ele-
ment with a grounded three-wire cord
set to render the tip electrically inert.

The user has a choice of two tip
temperature ranges: 500 or 900 de-
grees F, selectable by a thumbswitch on

the handle. The heat cartridge locks into
the gun barrel by means of a knurled
nut which permits the rotation of the
entire cartridge to orient the thread-on
tips. Three interchangeable tips are in-
cluded: short chisel, pyramid, and
long-chisel types. Ungar
Circle No. 70 on Reader Service Card
* * *
HOME ENTERTAINMENT GUIDE

A special 68-page, full-color cata-
logue covering a complete line of home-
entertainment electronics has been
issued and is ready for distribution.

Included are speaker systems, stereo
music systems, tape players, stereo re-
ceivers, p.a. speakers, headphones,
turntables and changers, recording
tapes and accessories, tape recorders
and decks, cassette recorders and
players, cabinets for equipment and
record storage, kits, component speak-
ers, replacement tubes for radio & TV,
antennas, rotators, lead-in, distribu-
tion systems, and musical instruments
and accessories of all types. Sears
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COMPREHENSIVE CATALOGUE

It is hard to think of an electronic
item that is not covered in the new 1970
catalogue (No. 700) just issued.

It is a complete buyer’'s guide to
brand name stereo amps, tuners,
changers, speakers, tape recorders, CB
equipment, ham gear, marine and test
equipment, auto accessories, tools,
books, and an extensive line of elec-
tronic components.

All of this is yours without charge for
the asking. Lafayette
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* * *
COLOR TV SERVICING

Information on buying, installing, and
servicing a color television receiver is
provided in a new booklet just published.

Entitled *‘Color TV—What You Should
Know About Purchase, Installation,
Service,"’ the booklet contains hints on
conditions that could affect the quality
of picture reception, factors that deter-
mine charges for a service call, and
what to expect from a service call.

Single copies will be provided free of

ELECTRONICS INSTALLATION & SERVICING HANDBOOK



charge while quantity orders at 3 cents per copy are avail-
able from National Better Business Bureau at 320 Park
Avenue, New York, N.Y. 10017.

Single copies will be supplied on request. EIA
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LOW-FREQUENCY SPEAKERS FOR P.A.
A compact, high-power, low-frequency speaker assembly g
designed specifically to fit minimum space over the pro-

cenium or front of the stage in auditoriums or theaters is 19“70 CATALOG NO_ 700

now available as the Model 6A392.
This 80-watt unit, which measures only 34 inches high, jUST OFF THE PRESS | |
uses four-inch voice coils driven by 11-pound magnet assem- am
blies through two 15-inch diaphragms to provide the power
levels. Front horn loading eliminates folds or bends in the SEND FOR YOUR EXCITING COPY NOW’
diaphragms for added smoothness.
The cabinets are constructed of 34-inch plywood rigidly
braced and damped for minimum vibration and weigh 250

pounds with speakers installed. DuKane
Circle No. 74 on Reader Service Card

* * *
AUDIO ACCESSORY LINE
Catalogue #116 provides complete information on an
extensive line of audio accessories for hi-fi, stereo, and cas-
sette tape recorders and players. Of special interest are a
special line of DIN cable assemblies, sockets, plugs, and
universal microphones for the cassette market. Workman
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* * *
REPLACEMENT COLOR TV TUBES
A new series of replacement color-television picture tubes

has been introduced recently as the *‘Ultracolor’ line. Avail-
able in 13 different CRT types in six basic rectanglular tube
sizes, 11,19, 21, 22, 23, and 25 inch, the new tubes feature Latest
rare-earth phosphor, have new electron guns, and may or
may not incorporate used glass and other materials. New Releases!
and rebuilt tubes are identified as such. General Electric
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FM-STEREO*DE;O[;ER SYSTEM EVER YTH’NG .’N
A free 6-page construction article describing a monolithic ELECTRUNICS 49 6

integrated FM stereo decoder system is now available. De- Pages
signed around a Motorola MC1304 IC, the unit provides ex- % CITIZENS BAND
cellent channel separation across the entire audio range, 2.WAY RADIG
according to the company. . * STEREO/HI-FI *PORTABLE AND
Series 1359 coils have been used to assure optimum COMPONENTS TABLE RADIOS
channel separation characteristics. J. W. Miller * MUSICAL INSTRUMENTS & PHOTO EQUIPMENT
Circle No. 77 on Reader Service Card AND AMPLIFIERS * TOOLS BOOKS
*x ok * * PUBLIC ADDFESS % AUTO ACCESSORIZES
SERVICING CHEMICAL CATALOGUE * AMATEUR RADIO * EDUCATIONAL
A new two-color, 8-page catalogue covering chemical *TEST EQUIPMENT AND OPTICAL
products designed exclusively for the electronic service in- % PARTS * TV AND ANTENNAS

dustry is now available. LU IS LLl? | AFAYETTE Radio ELECTRONICS
The line includes tuner sprays, contact and control clean- (DA CTR (AL Dept, 51109 , P.O. Box 10
ers, insulating sprays, lubricants, circuit coolers, and a No. 700 Syosset, L.I., N.Y. 11791

variety of other servicing aids. - S S D O ED ED D BN A B W GE GE e S S S

Prepared for service technicians, a copy of Catalogue l send me the FREE 1970 catalog 700 51109 |
No. 6970 will be forwarded on request. Chemtronics ! NI oo e |
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* * *

PRECISION TOOLS FOR ELECTRONICS 1 City .. State..... N i
A new 24-page catalogue, No. 200A, covering an exten- Zip . s R 1
sive line of precision tools for electronics, telecommunica- l_ - - = _§D£ai<: '2"::’-82";2:0_02'8_"‘0: - - -!
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tions, and industry is now ready for
distribution.

Over 500 spring adjusters, gages,
burnishers, and miscellaneous preci-
sion hand tools are illustrated with
detailed drawings, dimensions, and
specifications. Jonard
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* ok ok

TEST EQUIPMENT/SERVICE AIDS

A four-page data sheet listing a
number of professional test instru-
ments and service aids can be yours
for the asking.

Included are portable and shop tube
testers, an in-circuit current checker, a
transistor analyzer, an SCR analyzer,
solid-state a.c.-d.c. motor controllers,
and various tube-tester accessories.
Seco
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SERVICE TEST GEAR

A new 12-page, two-color brochure
which covers an extensive line of test
equipment for service technicians and
industry has been issued.

There are FET multimeters, FET
meters, dynamic mutual-conductance
tube testers, CRT checkers, sweep cir-
cuit analyzers, scope/vectorscopes,
sweep and marker generators, color-bar
generators, an in- or out-of-circuit tran-
sistor and FET tester, battery elimina-
tors, filament checkers, substitution
boxes, field-strength meters, and a tran-
sistor-diode checker—all pictured and
described in complete detail. Sencore
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* ok %

TOOLS AND MORE TOOLS

A new 114-page catalogue listing
hundreds of tools and related acces-
sories can be used both as a buyer's
guide and as a reference manual as to
what is available for any and all jobs.

All types of production and servicing
tools are listed with details on construc-
tion and applications. There are pliers,
cutters, tweezers, scissors, small parts
holders, vacuum systems, skin-packag-
ing units, inspection mirrors and mag-
nifiers, optical comparators, assembly
lamps, screwdrivers and hex drivers,
wire strippers, lead benders and form-
ers, soldering irons and accessories,
tool kits, and assembly accessories.
Techni-Tool
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* * *
SOLDERING TOOL

The new ‘‘Tempmatic’’ temperature-
controlled soldering tool has trigger-
action heat control, weighs only 7

Printed in U.S.A.

ounces, can handle both light and heavy
soldering jobs, has a long-reach stain-
less steel barrel, and comes with an
exclusive temperature-controlled ‘' Pow-
erhead.”” A convenient ejection button
makes switching Powerheads quick and
easy. Weller
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DE-SOLDERING TOOL

A ‘''tool on a spool'' describes the
handy new “‘Dri-Wick'' de-soldering unit
which makes it possible to rework ex-
pensive circuitry without sucking de-
vices, prolonged head or wet-flux con-
tamination.

To use, Dri-Wick is placed on the
soldered joint, then the tip of a 30-40
watt soldering iron is placed on the top
side of Dri-Wick for one second, and
then the wick and iron are lifted from

the work together. The connection is
clear of solder and ready for component
removal, replacement, or resoldering.
American Beauty
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* X K
HAND TOOLS IN ABUNDANCE
Catalogue No. SD-76 is a 24-page

compendium of hand tools for virtually
every type of professional service work.
There are round-blade, square-blade,
Phillips, specialty, and bull drivers; hol-
low shaft nut drivers; ratchet and spiral
ratchet screwdrivers and launchers;
electrical testers; ‘problem solving'
tools; tool kits; snap rings and pliers;
power riveters; wrenches and pliers;
steel tape rules; along with merchan-
dising displays for the various prod-
ucts. Vaco
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On a color TV Service Gall...
GO BY THE BOOK!

Speed up your trouble-shooting and
routine service adjustments on 15
makes of 1967 and 1968 model color
TV sets with this remarkable book.
All the data you usually need on a
color service call is right here. Just
look up the chassis number of the

set you're working on in the Chassis
Index and you'll be guided to the
proper sections of the Handbook.

Chassis layouts...purity and con-
vergence adjustments...and so
much more...you'll find it indis-
pensable for servicing color sets of

recent make. The RCA Color TV
Service Handbook (1A1759) is avail-
able from vyour local RCA Tube
Distributor. RCA Electronic Com-
ponents, Harrison, N. J.



There’s an Amperex Replacement Tube
for any socket in any set

your customers are likely to service...

TV HiFi, FM or AM, Car Radio, House Radio,

PA. System or Tape Recorder.
Imported or Domestic!

AMPEREX ELECTRONIC CORPORATION, HICKSVILLE, L.1. N.Y. i
A NORTH AMERICAN PHILIPS COMPANY




