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Cast your ballot for a successful future!

53 1.G.3. COURSES

I.C.S. is the oldest, largest school
of its kind. Over 200 courses for
men and women. High school, busi-
ness, secretarial, interior decorat-
ing, engineering. One for you.
Direct, job-related. Bedrock facts
and theory plus practical applica-

tion. You learn from experts. Di-
ploma to graduates.

Clip and mail the coupon now.
You'll receive, absolutely FREE, 3
valuable booklets that have helped
thousands. But don't delay. Cast
your ‘“ballot” for future success!
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NOW THERE ARE 138 RADIO
SHACKS COAST TO COAST!

ARIZONA — Phoenix
ARKANSAS — Little Rock
CALIFORNIA — Anaheim,
Bakersfield, Downey, Garden
Grove, La Habra, Long Beach,
Los Angeles, Mission Hills,
Mountain View, Oakland,
Reseda, Sacramento, San
Bruno, San Diego, San
Francisco, Santa Ana, Santa
Monica, Torrance, West
Covina
COLORADO — Denver
CONNECTICUT — Hamden,
Manchester, New Britain, New
Haven, New London, Orange,
Stamford, West Hartford
FLORIDA — Orlando
GEORGIA — Atlanta
ILLINOIS — Chicago
KANSAS — Wichita
LOUISIANA — New Orleans
MAINE — Portland
MARYLAND — Langley Park
MASSACHUSETTS — Boston,
Braintree, Brockton, Brookline,
Cambridge, Dedham,
Framingham, Lowell, Medford,
Natick, Quincy, Saugus,
Springfield, Waltham, West
Springfield, Worcester
MICHIGAN — Detroit
MINNESOTA — Minneapolis,
St. Paul
MISSOUR| — Kansas City, St.
Joseph, St. Louis
NEBRASKA — Omaha
NEW HAMPSHIRE —
Manchester
NEW JERSEY— Pennsauken
NEW MEXICO — Albuquerque
NEW YORK — Albany,
Binghamton, Buffalo, New
York, Schenectady, Syracuse
OHIO — Cincinnati, Cleveland
OKLAHOMA — Oklahoma City,
Tulsa
OREGON — Portland
PENNSYLVANIA —
Philadelphia, Pittsburgh
RHODE ISLAND — Providence,
East Providence
TENNESSEE — Chattanooga,
Memphis, Nashville
TEXAS — Abilene, Arlington,
Austin, Brownsville, Corpus
Christi, Dallas, Fort Worth,
Houston, Lubbock, Midland,
San Antonio, Sherman, Waco
UTAH — Salt Lake City.
YIRGINIA — Arlington, Virginig
Beach
WASHINGTON — Everett,
Seattle
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FYTai7e) SPECIAL GET-ACQUAINTED OFFER
Fygad FROM THE COINTRY'S LEADING
S ELECTRONIC PARTS DISTRIBUTOR!

1,000 OHMS/VOLT
POCKET AC/DC VOM

® Measures a Mere 315" x 2V x 1" ONLY
o Thymb-Set Zero Adjustment
e Witn Test Leads and Battery 95
Lowest price ever! 2-color scale;
S ranges. AC/DC volts: 0-1000

in 3 ranges; 0-150 ma DC; 0-
100 K. 22.4027.

2-TRANSISTOR AM RADIO KIT

® With Crystal Earphone
_» ® Solid State Circuitry
3 ® |deal for Beginners or
Do-It-Yourselfers

28.002 3 98

Fine reception across the entire broddcast band!

HOBBYIST'S ONE TUBE RADIO KIT

=% o Tunes AM Band
AR from §40-1600 KC

—

e Hi-Q Coil for
Top Sensitivity

‘\.,’ = -‘ : £.00| 349

Fun to use; easy cnough tor anyone to build

WIRELESS MIKE/TRANSMITTER KIT ELECTRONIC ORGAN KIT

S8 e Befter than 1 Octave
\ Range! Easy to Play!
& ® A Family Favorite!

595

Play songs on an organ you built yourself!

® Broadcasts into Any
AM Radio at Ranges up
to 20 Feet!

298

Use as room-to-reom intercom or baby-sitter”!

SAVE $1 L FILL OUT COUPON AND MAIL TODAY TO:

. RADIO East: 730 Commonwealth Ave., Boston, Mass. 02215

:'o:r C;;:;e ol: ] SHACK West: 1515 So. University Dr., Ft. Worth, Tex. 76107 i

ither oo

at Half Price! l Please tush me the item I've checked below. l
50 easy-to build | 1 enclose & plus SO for postage and handling: |
solid state i VOM, 224027 {7 Organ. 28-004 |
projects . 1.Tube Radio, 28-001 [ Book %1, 62-1050
from a simple b T 2-Trens. Radio, 28.002 [ Book %2, 62-2025 |
fadio to'a pray [ Wireless Mike, 28.003  [] Please send me o FREE 1967 Rodio Shack Catalog |
intercom system. | Neme (print) — = . o |
Each book entirely
different: Book 1, 1 Street Sl S o = W I
62-1050; Book 2, | City e e 1

slightly more .
advanced, 62-2025 1 Stete Zip TvRsse? |

h——————————-———————_-d
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Now there’s a full line of |

Soldering Tools

for all soldering needs

Each model outperforms any other soldering
tool of comparable size and price. All have |
replaceable tips of solid copper, instant heat,

long reach, and rugged construction that |
means long-life, dependable performance.

Weller Dual Heat Guns

Feature trigger-controlled dual
heat, efficient double-barrel de-
sign, long-life tip, and work spot-
light. Available in three wattage
ratings, and in handy soldering
gun kits. Priced from $6.95 list.

Weller MARKSMAN Irons

Best for intricate soldering or con-
tinuous-duty operation. Five sizes
—all lightweights—with replace-
able, premium-plated %" to %"
tips. From $2.98 list. Also in com-
plete kit form with a soldering aid,
solder and 2 extra soldering tips.

Try them all . . . at your electronic parts distributor!

WELLER ELECTRIC CORP., Easton, Pa.
WORLD LEADER IN SOLDERING TECHNOLOGY

¢
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Lhis issues cover

# No one, the story goes, ever realizes quite
what a piece of electronic gear means in
terms of pleasure and convenience when it's
working the way it's supposed to. But comes
the hour when TV images shrink to a single
flat line across the screen, when stereo sys-
tems sound more leaden than golden, when
kiddie phonos become more woeful than
tuneful, when transistor sets garble rather
than warble, and you’ll sense only too keenly
the pleasure you no longer have.

At this point you could call a serviceman,
assuming, of course, that you are prepared
to pay the price—the price in this instance
involving the hours or days you must await
his arrival, the bill you must pay for his call,
and the unavoidable gamble you must take
that he will be able to correct the particular
fault at hand. But this is also the point
where, in many cases, you could determine
to fix the trouble yourself.

Often, a simple tune-up or adjustment
rather than a full-fledged repair job may be
all that is required. TV's, both black-and-
white and color, must be properly adjusted
if they are to function as intended. Similarly,
small tube or transistor radios can frequently
be returned to top operating condition by
techniques straightforward enough to obviate
need for a serviceman.

Fortunately, adjusting TV sets and tuning
up small radios fall well within the capabil-
ities of the do-it-yourself home repairman
who follows the procedures outlined in this
issue of TV REPAIR. For regardless of what
it is that stands in need of attention—tape
recorder, kiddie phono, TV set, FM tuner,
stereo system, small radio—you will find this
issue of value. a
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BUILD 20 RADIO
CIRCUITS AT HOME

with the New
Progressive Radio "Edu-Kit"'®
ALL Guaranteed to Workl

A COMPLETE HOME RADIO COURSE

BUILD
12 RECEIVERS
3 TRANSMITTERS
SIGNAL TRACER
SIGNAL INJECTOR
CODE OSCILLATOR
$Q. WAVE GENERATOR
AMPLIFIER

® No Knowledge of Radio Necessary
® No Additional Parts or Tools Needed Training Electronics
¢ Excellent Background for TV Technicians Since 1948

I FRE SET OF TOOLS, PLIERS-CUTTERS, TESTER,

SOLDERING IRON.
WHAT THE “EDU-KIT" OFFERS YOU

The ‘‘Edu-Kit’’ offers you an outstanding PRACTICAL HOME
RADIO COURSE at a rock-bottem price. You will learn radic theory,
construction and servicing. You will learn how to build radios,
using regular schematics: how to solder and wire in a professional
manner: how to service and trouble-shoot radios. You will learn
how to work with punched me:al chassis as well as the new Printed
Circuit chassis. You will leam the principles of RF and AF ampli-
fiers and oscillators, detectors, rectifiers. test uipment. You will
learn and practice code, using the Progressive Code Oscillator. You
will build 20 Receiver, Transmitter, Code Oscillator, Signal Tracer,
Square Wave Generator, Amplifier and Signal Injector circuits, and
learn how to operate them. You will receive an excellent back-
round for TV. In brief, you will receive a basic education in

ectronics and Radio, worth many times the small price you pay,
only $28.95 complete.

PROGRESSIVE
TEACHING METHOD
Progressive Radio “‘Edu-
the foremost education-
sl radio kit in the world, and ls
universally accept as the
standard in the field of electron-
fes u:':nlng. The ‘‘Edu-KIt''

The
Kit** is

uses o ern  educatioaal
grlnclple of ‘‘Learn by Doing.'’
ou begin by building a simple
radio. Gradually, in a progres-
sive manner, and at your own

techniques, and do work like a
i 1 _rad!

THE KIT FOR
EVERYONE
You do not need the slightest
background in radio or science.
The ‘‘Edu-Kit'’ 1s used by young

Veterans
training and rehabllitation.

One of the most important
aspects of the “Edu-Kit'' is the
Consultation Service which we
We welcome students
to send us their problems,
whether related to any of the
material covered in the ‘‘Edu-
Kit'* course, or encountered in
other experiences in the field

T 03
‘;n-u circuits operate on your
regular AC or DC house eurvynm. of electronics,

THE “EDU-KIT” 1S COMPLETE

You will receive all parts and instructions necessary to build 20
different radio and electronic circuits, each guaranteed to operste.
Our kits contain tubes, tube sockets, variabie, electrolytic, mica,
ceramic and paper dielectric condensers, resistors, tie strips, coils,
hardware, tubing. punched metal chassis, Instruction Manuals,
hook-up wire, solder, solenium rectifiers, volume controls, switches,
ete. In addition, you receive Printed Circuit materials, including
Printed Circuit assis, speclal tube sockets, hardware and in-
structions. You also receive a useful set of tools, pliers-cutters,
Rrofeulonal electric solderirg iron, and a self-powered, dynamic

adio and Electronics Tester. The *‘Edu-Kit’’ also includes Code

instructions and the Progressive Code Oscillator. You will also
receive lessons for servicing with the ressive Signal Tracer and
the Progressive Signal Injector, a High Fidelity Guide, FCC Ama-
teur License Training, a a Quiz Book.

All parts, components, etc.., of the “*Edu-Kit'’' are 100% un-
conditionally guaranteed, brand new, carefully selected, tested and
matched. erything is yours to keep, The complete price of this
practical home Radio and Electronics course is only $26.95.

TROUBLE-SHOOTING LESSONS

You will learn to trouble.-shoot and service radios, using the pro-
fessional Signal Tracer, the unique Signal Injector, and the dynamic
Radio and Electronics Tester. Our Consultation Service will help
you with any technical problems.

FREE EXTRAS
® Set of Tools ® Radio Book ® Radio and Electronics Tester
o Electric Soldering Iron @ Pliers-Cutters ® Tester lnstruc-
tion Book ® Hi-Fi Book ¢ TV Book ® Quiz Book & Member-
ship in Radlo-TV Club: Censultation Service ® FCC Amateur
License Training ® Printed Circuitry ® Certificate of Merlt
e Valuable Discount Card

= —— ““UNCONDITIONAL MONEY-BACK GUARANTEE'—_|

| Please rush my *Edu-Kit” to me, as indicated below.
Check one box to indicate choice of madel. l
[J Regular model $26.95. |
(] Deluxe model $31.95 (3ame as regular model, except with

l ;nllge)rlor parts and tools plus Radio & TV Parts Jackpot worth |

| Cheek one box to indicate manner of payment I

l B | enclose full payment, Ship *“Edu-Kit” post paid.
Ship "“Edu-Kit” C.0.D. | will pay postage.
| {3 Send me FREE additional information describing “Edu- Kit.” l

l Name
I Address .

I

|

| PROGRESSIVE “EDU-KITS” INC. :
1186 Broadway, Dept. 508DK, Hewlett, N. Y. 11557 |
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Radio Goes PA
How can I connect a microphone to an
AC/DC radio so I can use its amplifier with-
out using the radio circuit?
‘ —A. S., Passaic, N. I,

Since the amplifier may not have enough
gain for a crystal, dynamic or ceramic micro-
phone, you can use a carbon microphone as

VOLUME
. CONTROL
FROMDETECTOR . ., <—INCREASE
BREAKHERE— . 7~ | FIRST AF
NI AMPLIFIER
P
Sl _:’»,. 1
]
1
: ]

e

M. | b ?
| -
e 370 |

i =i

I Tl _.0lmf

]

[}

: PRI ﬂ SEC

]
'L__._,l Bl N . J

shown in the diagram. Install a d.p.d.t.
toggle switch, S1, on the chassis or the set’s
rear cover. Mount microphone transformer
T1, such as a Stancor A4705 on the chassis
or rear cover, grounding transformer frame
to chassis. Also install a battery holder (La-
fayette 34G5005) on rear cover and slip a
1.5-volt battery (Burgess Z, Eveready 915,
etc.) in the holder. Disconnect the “hot”
volume control lead as indicated by “X” in
the diagram. Wire the new parts into the cir-
cuit as shown, using the shortest possible

leads (except microphone cord). Capacitor
C1 may be an 0.01 mfd tubular.

Throw the switch one way for normal ra-
dio reception, the other way to use the mike.
The volume control works for both. If there
isn’t enough mike volume add more batter-
ies, Using a telephone type carbon mike, you
should get lots of sound.

An alternative is to use a Philmore Junior
Microphone (Cat. No. 500) which can be
connected directly to the plate and cathode
prongs of the first AF amplifier tube by
means of clips furnished with the mike.
These are sold in many radio parts stores.
Still another, and the safest way is to get
a wireless broadcaster (Knight, Lafayette,
etc.) which does not have to be connected
to the set and does away with the shock
hazard.

Grounded

I have a shortwave receiver and a 40-meter
band dipole antenna, connected as shown
in the diagram. AM broadcast stations cover

DIPOLE

-_—L GROUND

RECEIVER
TERMINALS
G A A

-TRANSMISSION LINE

the entire 160-meter band, except when I
disconnect the ground. Is there anyway I
can eliminate the BCI without removing the
ground.

—R. A., Butte, Mont.

You’ve got the antenna hooked up wrong.
Connect the dipole transmission line to the

DIPOLE
TRANSMISSION
DPOT KNIFE Sl
DIPOLE fo === "T"
+~—

+—o0 l-o RECEIVER TERMINALS

6 A A
== GROUND

“A” and “A” terminal, and remove the
shorting bar. Or, if you want more pick up
on bands other than 40-meter, you can add
a switch, as shown in the diagram, which
will enable you to use the dipole as a “T”
antenna. If you have been using coaxial

TV RepAR



transmission line, the shield should go to
the center “A” connection.

Field Coils are Out
A radio 1 have has a field coil speaker. Is
there any way I can replace it with a PM
dynamic speaker?
—D. §., Hanover, Pa.

Use a filter choke in place of a low-
resistance field coil, connected as shown in
the diagram. The filter-choke inductance
value is not critical, but it must be able to
handle the receiver’s total plate current. A

TRANGFORMER f
. § ] X SPEAKER
: X SPOAKER
_L4
L
4D+
I HFILTER CHOKE
E =

RECTIFIER
TUBI

Stancor C-1002, for example, is rated at 15
henries and 75 milliamperes. Some sets
used a high-resistance (5K to 10K ohms)
field coil in parallel to the B-plus supply.
It is generally not necessary to substitute a
filter choke for this inductance. Many old
auto radios do not need the choke either—
it will only use extra battery current since
it is connected in parallel to the filaments.
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TAPE THIS AD TO THE BACK OF YOUR TV SEI

All at a fiat
discount price
of only $1.

Stock up now on Top-Quality, Made in
U.S.A. tubes from one of America’s leading
mail-order sources.

Choose from over 800 types of receiving
tubes, including the new Nuvistor and Com-
pactrons and tubes for color sets.

All tubes sold on a written 24-month War-
ranty; all orders shipped 1st Class same day
received! *Just send $1 for each tube (re-
gardless of Mfrs. Suggested List Price) plus
25( postage and handling for your entire
order. Why pay more? Write Dept. RTVR-27,

UNIVERSAL TUBE CO.

Ozone Park, N. Y. 11417

Lk-'»« /1

GV{‘JU

In the market for @ new home? if so,
SMALL HOME PLANS is “‘must” reading! It's
complete with scores of plans prepared
especially for you by outstanding architects.
‘ You'll find plans and specifications, in detail, to
| help you determine your ‘‘dream’’ home.
l SMALL HOME PLANS is now on sale at your
ﬂ

" 1 S newsstand. Only $1.25. Don’t miss it}
3 _VYUO\™N'l [ _ B | S——e—m———— e e — -
L | SMALL HOME PLANS TVR-2 |
. /a t"r | 505 Park Avenue/New York, N. ¥./10022
= B L . § | I am enclosing $1.50 which includes postage & handling. I
g T I Just as soon as SMALL HOME PLANS is off the press,
& Q ( s rush me my personal copy. |
S o wmz o e v | l
K ~ g SU® e ] Name — —
o © \ =P = I (please print) |
! back | Address_ — ———
a
| guess we forgot tohso ac g | City ____State________Zip |
we fixed it ourselves this morning. | Don't forget your ZIP CODE |
S—— _— o I o e ot e S e i S o e e i e o S e e -



World Famed BREVETTATA

Appearance of this fine tear -

s vurnn Is simllar to real §§

sun, It Is ideal for people who P
work In lonely, dark locatlons

and require protection, Men

give this gun te wives and

daughters for night security.

Many industrial applications,

Shooting of gun stops IYII‘Ol-

sor without permanently injur.

Ing him, Neither permit nor license is needed,
but it Is not sold to minors. It fires six car.
tridges without reloading. Each pun comes
with six tear gas shells and six blanks for
practice and Is lhl:ped prepaid. Gun unit
prices include, 12 shells and all shipping costs,

| Gun-unit at ..........ooiiiin $13.07
2 Gun-units at $22.86 ............... ($11.43 ea.)
3 Gun-units at $29.94 ............... ($ 9.98 ea.)
4 Gun-units at $35.16 ............... ($ 8.79 ea.)

Extra boxes of ten tear gas shells at $1.50 per box (pnnald. with
sun orders). Extra boxes of blanks at $1.25 per box.

349 Manufacturers Exchange
Kansas City SRT, Missourl

Electronics

Engineering
Fix TV, design automation systems, learn transistors, com-
plete electronics. College level Home Study courses taught so
you can understand them. Eam more in the highly paid elee-
tronics Industry. Computers, Missiles, theory and practical. Kits
furnished. Over 30,000 graduates now employed. Resident classes
at our Chicago campus if desired. Founded 1934. Catalog.

AMERICAN INSTITUTE OF ENGINEERING AND TECHNOLOGY

1139F W. Fullerton Parkway, Chicago, 1il. 60614
Vets—uorite for information obowt GI Bill Training

service
shop fips

Intercarrier Buzz
There is a buzz in the sound of my TV set.
When I adjust the fine tuning control to elimi-
nate the buzz, the picture is not right. How
can I get clear sound and pictures together?
—N. T., New Orleans, La.

Chances are your TV set employs “inter-
carrier” sound and a gated beam sound de-
tector. The usual cause of buzz in the sound
channel is receiver misalignment. To align
the whole receiver properly a sweep and
marker generator and an oscilloscope are re-
quired. If you don’t have these instruments
available, try replacing the sound detector
tube (6BNG6, etc.). Also try tuning the gated
beam detector “quadrature coil” for clear,
buzz-free sound with the set tuned for the

clearest picture. When tuning the coil by
turning its ferrite core, use only a tuning
wrench that fits. Some TV sets also have a
potentiometer with which sound buzz can be
minimized. Get a service manual for your
set so you can locate these components.

Get
an early start
in electronics

with Instant Radio

ELEMENTARY How can I modify an AC/DC radio so it
will operate instantly when I turn it on like

ELECTRON ICS some TV sets I have seen advertised?

N —S. R., Rooseveit Field, N. Y.
The magazine that serves up elec-

tronic theory in pleasant spoon-
fuls and reinforces the knowledge
you gain with exciting and useful
projects.

Connect a diode across the ON-OFF
switch terminals of a typical AC/DC radio.
With the switch turned OFF, the tubes
should light but the set should not play. If it
plays, reverse the polarity of the diode. Pick
a diode that will handle at least 500 ma. and
peak inverse voltage of at least 400 volts.
They cost as little as 37 cents.

Tube Stretcher
I have heard of a gadget I can use with a
TV set to increase tube life. What is it and

Special Introductory Offer
12 issues for only $4.00. SAVE 50%

= e e e e e e e e o e
ELEMENTARY ELECTRONICS TVR-2 :
| 805 Park Avenue/New York, N.Y./10022 I
| Begin my subscription to ELEMENTARY
l ELECTRONICS with the next issue. I am ]

i .00 for 2 yrs.; O Bill me.
I enclosing O 84 or 2 yrs.; O Bill me : where can I get one?
| Name I —E. D., Jackson Heights, N. Y.
(please print) |

} Address | The Wuerth TV Life Saver shown in the

| | photograph should be available at radio parts
i Zi . . :
I city e i || stores. It is plugged into the electrical outlet
plugg

8 TV RepaR



and the TV set plug is inserted into the
gadget. When the set is first turned on, a
resistor is connected in series with the AC

- . - E———

1

line to cut the voltage reaching the set. After
the resistor gets hot, a pair of contacts close
and full voltage is applied to the set. It should
greatly increase tube life.

It Ain’t Easy
I would like to change my 30-50 mc band
FM receiver to cover the 152-174 mc band.
Can this be done?
W. C., East McKeesport, Pa.

It probably can be done by changing the
RF, mixer and oscillator coils. Try coils with
about one-fourth as many turns. You will
need a good RF signal generator to permit
adjusting the coils (number of turns and
spacing of turns) and re-aligning the trim-
mers. You can set the tuning range limits
with the signal generator.

Be a UHF Copycat
What type of antenna is best for reception
of weak UHF translator TV stations?
F. B., Las Vegas, Nev.

A parabolic, Yagi or corner reflector an-
tenna will give you considerable gain but
must be accurately aimed at the station. Since
these antennas have relatively marrow fre-
quency range, they cannot be used to cover
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il In coupon for a FREE One Year Subscrip-

tion to OLSON ELECTRONICS’' Fantastic Valve
Packed Catalog—Unheard of LOW, LOW PRICES
on Brand Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Val-
ves. Credit plan available.

NAME
ADDRESS.
CITY. ZONE_—_STATE

1§ you have a friend interested in electronics send
his name and address for a FREE subscription also.

OLSON ELECTRONICS

INCORPORATED

562 S. Forge Street Akron, Ohio 44308

TELEVISION co08 v

Let COYNE Train You at Home In Spare
Time MAIL COUPON FOR FREE BOOK

P - ———— P - o o - o

1 Cogno Electronics Institute i

: 1501 W. Congrees Pkwy., Dept. 27-H, Chicago, Ill. 60607 !

1 %‘;nd Fg,Eli:itBo'ﬁekhngd_ delt;ih OI'IPrI:OW ) ¢ Ci\.? GET :
ual vision Hom ining at Loy Cost

: and Easy Ter):m. ° ¢ o8 -4

TV REPAIR Magazine Rack
For The Outdoor Enthusiast

® Boating Jourmal 75c—Editorially directed to fill the
oeeds of America’s huge group of small Zoat owpers of outboard
cngines, inbond/outbougr and outboard power units. Suggests
cruises, boat tests, racing, designs, maiatenance and haodling tech-
niques plus coverage on acw products.

o Camping Journal 75c—Edited for the camper, fishermags
hunter, boatman, hiker aod others who vacation in the out-of-doors.
Features all facets of mobile camping and wilderness treks by foot,
pack horse and cagoe. Complete with where-to-go and how-to-de-it
topics.

@® Mobile Life S0c—For present owners and prospective buyers
of travel trailers, pickup campers and mobile homes.

These ngaziucs can be found on sale at all newsstands. Or write to
Davis Publications, Inc., 505 Park Avenuc/New York,
N.Y. 10022. (Add 25¢ for each order to cover postage aod ing).




NEW 1967
ELECTRONICS HOBBYIST
ANNUAL

NOW AT YOUR NEWSSTAND!

Hours of
“How To” Enjoyment
for Pro & Novice

$100 For A Limited

Time Only

You can purchase the newest, most exciting
maqazine for those whose interest in electronics is
on the hobby level. THE ELECTRONICS HOBBYIST
contains easy to learn tested and proven construction
projects of every description, Literature Library and
New Products sections as well as such new
departments as CB News and Views. Hi Fi Trends
and Communications for the Ham/SWL.

SOME CONSTRUCTION PROJECTS
INCLUDE:

AUDIO COMPRESSOR/OHMS-RANGE EXPANDER/
DIAL-AN-OHM/6-METER SOLID-STATE/
WALKIE-TALKIE/TRANSI-MATCH/

A GO-GO STEREO COMPACT/

100-kHZ CALIBRATOR/BUILD THE AERO-BANDER/
SCR SLAVE PHOTOFLASH/

Plus many more projects, gadgets, and construction

ideas—enough to provide every experimenter
with weekend fun for six months or more.

FOOLPROOF DESIGN! ¢ EASY
CONSTRUCTION!

Your favorite construction project has been carefully
researched and tested by experts. Each article

is complete with theory, construction tips, parts lists,
diagrams, and photos to make construction

easy and foolproof.

ACT NOW!

FOR IMMEDIATE HOME DELIVERY
RETURN THIS COUPON TODAY! !
[THE ELECTRONICS HORBYIeR o] |
|§§Enﬁ§fcffﬁ.§ic/§.’i°3§fﬁ,s . Y./10022 'rvn-zl

|Enclosed is $1.00. Please send my copy of the 1967
IEdition. |

|
INamn

| ]
| Address. [
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'shop fips

the entire UHF TV band. These antennas
are fairly inexpensive ($5 to $25).

Blame the Outlet
I often receive a broadcast station with
good signal strength but with background
static loud enough to be annoying. There are
no electrical appliances operating. Is there
any way to reduce this static?
—M. L., Fresno, Calif.

Try tuning in a strong local station. The
noise should be greatly reduced. The noise
could be coming over the power line. Try a
line filter (Cornell-Dubilier IF-6, etc.) be-
tween the power outlet and the set’s power
plug. If the set has a loop antenna, rotate
the set or the loop for minimum noise and
maximum signal.

Hm mm mmm
1 get a lot of hum on my AM-FM radio.
Is there any way of getting rid of this hum?

I do a lot of taping from the radio.
—A. S., Cleveland, Ohio

With the tape recorder disconnected, if
the set still hums, chances are that it is due
to dehydrated electrolytic filter capacitors
or insufficient filter capacity. Try connecting
a new filter capacitor across each section of
the filter capacitor (one at a time) and note
if there is any decrease in hum. On the
other hand, if the hum is present only with
the tape recorder connected, make sure that
all of the cable shields are correctly
grounded.

Dial Trouble
The dial of my short-wave set is inaccurate
and far from the announced frequency. How
can 1 improve it?
—P. J. Dett., Middletown, Pa.

If the receiver has tuning trimmers, tune
in a station at a known frequency. Then set
the dial to indicate that frequency and ad-
just the trimmers until you get the same sta-
tion. Or, tune in the station and disengage

TV REPAIR



the tuning dial, set it to indicate the fre-
quency of the station and then re-engage the
dial. This is a cheap and dirty way out. If
results are poor, you will need a signal gen-
erator alignment.

Trap It
On CB channels 9 and 19 I receive a local
1000-watt AM radio station about % miles
away which operates on 1400 kc. I use a
ground plane antenna. How can 1 eliminate
this interference?
—D. W.G., Lawrence, Mass.

Disconnect the lead from the antenna re-
lay to the receiver antenna coil and connect

1

l

T

|

|

|
R

|

e

0
Z RECEIVER
BREAK AND

§ ANTENNA REMOVE
T0

RELAY THIS LEAD®
ANTENNA
JACK . .
TO TRANSMITTER

a wave trap in its place as shown in the dia-
gram. You can use a shielded TRF coil such
as a Miller A-320 RF with a 20 pf. capacitor
connected across its secondary. Leave the
primary disconnected. Mount the coil shield
can to the chassis or rear cover of the set (if
it is metal) and use the shortest possible
leads. Tune the coil core until the interfer-
ence is weakest or disappears. Try different
values of capacity across the secondary if the
suggested value doesn’t do the trick. Make
sure the coil shield can is securely grounded
to the set chassis.

|

5"Hey, Gladys, come cut a piece of wire

about that long!”

B s
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| that if I am not

Now, better than ever, the
new and improved S&M
supersensitive photo meter

Here is a precision instrument that meets
the highest standards of any meter available.
It offers consistently accurate readings at
very low light levels, which, if required, can
be converted to ft.-candles from a graph sup-

lied. Researchers, scientists, educators and

obbyists have confirmed that this meter can
read light levels as low as 0.000245 ft.-
candles.

The S&M Supersensitive Photo Meter uses
the newest Clairex Corp. CL-505L Cadmium
Sulfide Light Cell to measure light levels
from twilight to bright sunlight at ASA
speeds of 3 to 25,000. A new 55" high easel
type probe and also a miniature probe are
now available as accessories. The Computer
gives F stops from .7 to 90; lists exposure
time from 1/15,000 sec. to 8 hrs.; 4 range
selection; EV-EVS-LV settings; weighs only
10 ounces.

Used extensivelf:xin Photo Labs, Physics and
Research Labs, Hospitals, High Schools, Uni-
versities and numerous industries. Also used
with movie or still cameras, microscopes and
telescopes and IS A MUST FOR PHOTO-
MICROGRAPHY,

SCIENCE & MECHANICS—KIT DIVISION T.V.R-2 |
505 Park Avenue/New York, N.Y. 10022 |

Enclosed is $—__ _Please send me the new

S&M Supersensitive Photo Meter. I understand
completely satisfied, I may return |

the meter within 10 days for a complete refund. |

0. 10t—in kit form

No. No. 108 |
1 $29.95 with carrying case O $2.00 carrying case only

No. 102—fully assembled Additional Computer I

O $34.95 with carrying case O s1.00 |
' (] Easel Probe $6.50 O % inch Probe $6.50 I
Add 10% for Canadian and foreign order. New York City resi- |
dents add 5% for N.Y.C. sales tax |
Name — |
(PLEASE PRINT) |

Address |
City State. Zip Code |
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Use a Sky Wire

I have a portable transistor radio which
employs 12 transistors and 5 diodes. How
can [ improve its long distance, shortwave
capability?

—J.T., Muskegon, Mich.

Connect an outdoor antenna to its whip

antenna.

Cheap Tester

Over five years ago 1 built a tester using
the circuit shown in the diagram. I have since
forgotten what the instrument is called. 1
find that I can test a capacitor by connecting
the red and black test leads to it. If the neon
lamp flashes only once, the capacitor is O.K.
But, what is the green lead for? (See diagram
A below.)

—H. H., Menasha, Wis.

It is a combination continuity and ca-
pacitor tester. It looks like it is hooked up
wrong. If you rewire it as shown in diagram
B (below), it will work as a capacitor
and continuity tester using the red and
green test leads. You will also have a small
DC power supply (about 150 volts) using
the red and black leads. Resistor R1,
shunted across filter capacitor C stabilizes
the voltage and bleeds off the charge in C
when the AC plug is disconnected.

Ri

. AN
A I Jiré BUACK
(é)wﬁsn
-/
R2
:D: . { Vs oreen >
AC + [ 16MF S
pLlG RED ¥
CR
»
B I BLACK P
NESI R2
A 2ok YV GREEN
BMF=Z Spy
47K
-
150 T RED 7

Local Oscillator Kaput!

My 5-tube AC-DC superheterodyne re-
ceiver will bring in stations near one end of
the dial. The rest of the band is dead. What
is the trouble?

—T. K., Long Island City, N. Y.

Either the tuning condenser plates are
shorting or you probably are experiencing
oscillator trouble. The oscillator may cease
to function except over a limited frequency

—F—

R2
B+
I
e TUNING
CONDENSER

range. The trouble is usually due to a defec-
tive converter tube, change in the value of
the oscillator grip leak (R1) or in the value
of the screen voltage dropping resistor (R2).
It could be that by-pass capacitor C1 may be
leaky causing the screen voltage to drop. Try
a new grid leak (R1) of the same value as the
original. If that doesn’t do it, change R2 and
Cl. Sometimes the oscillator coil (L1) ab-
sorbs moisture and its Q is lowered. Try
drying it out by exposing it to an infrared
lamp.

Headset Speaker Tie-up
My old radio has four speaker wires. How
can I hook up earphones to it and cut out the

speaker?
—D. W., Bay City, Michigan

Two of the wires undoubtedly go to the
speaker’s field coil. The other two go either
directly to the voice coil or the primary of
the output transformer, if the transformer is
mounted on the speaker. Ignorc the field
leads. Disconnect the voice coil lead that
goes to the output transformer (not to the
hum bucking coil) as shown at “X” in the
diagram. Add a 20-ohm potentiometer, R1,
and connect it across the set’s output trans-
former. Also add an extra output trans-
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former, T1, such as a Stancor TA-44, con-
necting its secondary as shown in the sche-

S, { S
| SEC. PRI,
i 5
e -~
(- ! ! VOICE
r‘ X : coiL
| m?—-——l
. SPKR.
LEADS | RADIO HUM- BUCKING
T0 OUTPUT CoIL FIELD
RECEIVER| TRANSFORMER coiL

matic diagram. Connect the headphones
across its primary (high impedance side).
The transformer type suggested has three
taps. Try the 4, 8 and 16 ohm taps and use
the cne that gives best results, The purpose
of the added transformer is to step up the
audio voltage. To use the speaker, turn the
potentiometer fully one way. Midway, both
the headphones and speaker will operate (at
reduced volume). When fully turned the
other way, the speaker will be silent and the
sound will be heard only in the headphones.

BCB Noise

Without moving out of the New York
City metropolitan area is there any way to

At
Sumet

“Sorry, Mr. Grump, | believe your interference
problem is beyond my control."”
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How Bad I
Highway
Hi-Fi?

Car cartridge tape players are rapidly becoming the
hottest item to hit Detroit since the compact car. Yet,
how effective can they actually be? For a surprising
and informative answer read the Feb/Mar issue of
RADIO-TV EXPERIMENTER.

EASY TO LEARN ELECTRONICS

1f you're at all interested in electronics—whether you
take it seriously or not—RADIO-TV EXPERIMENTER
is bound to make this fascindting subject a lot easier
to understand.

SPECIAL HALF-PRICE
OFFER

For a limited time,

you can receive

12 issues for only $4.00
. an amazing 50%

savings!

NOW ON SALE
AT YOUR NEWSSTAND!

SUBSCRIBE TODAY!
I RADIO-TV EXPERIMENTER TVR-2
| 505 Park Avenue/New York, N.Y./10022

[

|

I

| Begin my subscription to RADIO-TV EXPERI |
| MENTER with the next issue. |
| T am enclosing $4.00 for 2 years. [] Payment |
| enclosed (check or money order) [ Bill me. |
| (Outside U.S.A. & Canada add $1.50 for postage.) |
| |
|

|

|

|

| Name.

(pierase pri;n)

| Address

State_._Zip
Please include your ZIP CODE

RNty et 1

: City
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get broadcast band reception? Using an HQ-
100A and a 45-foot long wire I get good
short wave but on the BC band I can’t beat

300 miles.
—P. F. A.,, Hewlett, N. Y.

Living near New York City can impose
some hardships in regard to broadcast band
DX because of the presence of so many sta-
tions in the area. Lengthening your antenna
may compound your problems. Also, there
are so few clear channel stations that you
might have to stay up late to hear distant
stations operating on the same frequencies
which go off the air around midnight. Just
before daybreak, you should be able to hear
Cuban stations. Try 700 kc at night—you
should be able to receive WLW in Cincinnati.

Take It From the Outlet

I have a miniature transmitter that uses a
90-volt battery which lasts only a week. What
equipment should I use to get 90 volis DC

from a regular house outlet?
—L. R., Detroit, Mich.

T CR R 4
INIE96 IOOMF +IC
STANCOR

200vDC T
PAB42I

You can try a larger capacity battery or
build a rectifier power supply as shown in the
schematic diagram. The value (1000 to 5000
ohms) and power rating 1- or 2-watt) of re-
sistance R depends upon the amount of cur-
rent your transmitter draws. Try various
values until you get 90 volts across capacitor
C with the transmitter turned on and oper-

17 vac

70-Volts of Audio
My amplifier has 4-, 8-, and 16-ohm and
70-volt output terminals. W hat is the 70-volt

output used for?
—L. J. E., Everett, Wash.

In a 70-volt sound system the amplifier
gain is set so that the audio output voltage
between the common and 70-volt output
terminals is approximately 70 volts. The vol-
ume level is adjusted at the speakers by se-
lecting line transformer taps as shown in the
diagram. The line transformers may have a
tapped secondary (T2), a tapped primary
(T3), or it may be an autotransformer (T4).

The power fed to each speaker depends
upon the voltage applied to it and its load
impedance. For example, if Speaker A has
an impedance of 4 ohms and is connected to
the 2-volt tap on T2, it will consume one
watt since power in watts is equal to E*/R
and here E® is 4 and R is 4. If set to the 6-
volt tap, the speaker power will be 8 watts,
and so on.

The three types of transformers shown
perform the same function—they step down
the 70-volt signal to the required level. The
taps permit adjustment to the voltage ratio
which is proportional to the turns ratio.

Speakers A, B and C may all be operated
at different sound levels. The number of
speakers that can be connected across the
70-volt line is limited by the power capabil-
ity of the amplifier. For example, a 50-watt
amplifier could feed 8 watts to speaker A, 10
watts to B, 2 watts to C and have 30 watts to
spare for additional speakers.

On some amplifiers the 70-volt output ter-
minal is merely window dressing and is the
equivalent of a 500-ohm line output. A true
70-volt amplifier has excellent output voltage
regulation permitting removal or addition of
a speaker without affecting the sound level of
other speakers. It is easy to work with 70-
volt sound systems since we deal with volts
and watts without being concerned with im-

ating. pedance matching.
_____________ -
T 7ov ! T2 T3 Ta
- | T
=3 I &
> I o—L
o—0 16 () | ”
=3
S—o80 : A E C
g——o 40 | B
l
c ! '
AMPLIFIER J
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Bye Bye, 35Z5GT
Can I replace a 35Z5GT tube in an AC-
DC radio with a silicon or selenium rectifier?
—G. L., San Carlos, Calif.

Yes! Just pull the tube out of its socket
and leave it out. Connect the rectifier (CR)
across socket terminals in 5 and 8 with po-
larity as shown in the diagram. Connect a
50-ohm, 5-watt resistor (R1) across 2 and
3, and a 200-ohm, 10-watt resistor (R2)
across 3 and 7. The resistors take the place

RECTIFIER TUBE

of the tapped tube heater. The resistors-will
run hot so be sure the set is well ventilated.
You will obtain one added feature not bar-
gained for and that is the surge resistance
through the other heaters will be much less
than previously. This is so because the cold
resistance of the heater string will be higher
with the resistors in the circuit in place of
the 35Z5GT. However, the hot resistance of
the heater string will be the same. The radio
will take a few more seconds to warm up
than previously. u

OTHER TUBES
A

* FILTER

T CAPACITOR

115 vaC

A
ON-OFF
SWITCH

8-{COMMON GROUND BUSS)

Your Own Business Now Provides

For Their Future

What better way to lean how to conduct a low investment business
profitably than thru the pages of INCOME OPPORTUNITIES.
Whether you're interested in full or part-time,
provides ‘55 Businesses for Under $500" . .. tells
how they work and reveals their pros and cons.

Read INCOME OPPORTUNITIES for up-to-the-
minute details on franchises with investments

as low as $1,000 and also valuable guides on
mail order and personal business.

Special Introductory Offer...
Now you can prepare for the future with
INCOME OPPORTUNITIES for only $3.00
per year.

.....................

INCOME OPPORTUNITIES
505 Park Avenue, New York, N.Y. 10022

Begin my subscription to INCOME OPPOR-
TUNITIES with the next issue. ) Enclosed is
$3.00 for 1 year (cashor money-order). O Bill

me. (Forelgn: add 75c a year) i

Name

please print
é_idress o =
City .
State  Zip  .g
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AGCESSORIES

for the

TEST BENCH

VTVM Measures L & C

The new EMC Model 107A, a wide-range
vacuum-tube voltmeter (VTVM) for DC,
AC, and resistance measurements, also pro-
vides direct peak-to-peak readings on com-
plex, asymmetrical voltage waveforms, direct
capacitance readings, a zero-center scale, db
scales, and indirect inductance measurement.
Other features include a “wide screen”
6-inch meter faceplate for legibility and
reading accuracy. This accuracy is furthered
by 10 separately calibrated scales instead of
combination scales. In addition to the ca-
pacitor test, the function switch includes
separate positions for + or — DC. The
meter movement is burnout-proof. Peak-to-
peak voltage is measured in 6 ranges: O to 4,
28, 84, 280, 840 and 2800 volts. AC (rms)
and DC, in 6 ranges: 0 to 1.5, 10, 30, 100,
300, and 1000 volts (up to 30,000 DC volts
with accessory probe). Six resistance ranges
cover from 0 to 1000 ohms (10 ohms center
scale) up to 0 to 1000 megohms. Capaci-
tance is measured in 6 ranges from 50 pf.
to 5000 mf. Db is measured from —24 to
+55 db in 6 ranges. Accuracy is 3 per cent
on DC, 4 per cent on AC. Input resistance

is 16.5 megohms or 134 megohms per volt on
DC, 1.5 megohms on AC. A complete in-
struction manual for the EMC Model 107A
VTVM includes conversion charts to obtain
inductance readings in henrys and correct db
readings for standards other than 0 db at

Handy gadgets and useful items
that ease troubleshooting and

repair of any electronic chassis.

6 mw. in a 500-ohm line. Available acces-
sories include an RF probe useful to 200 mc.
and a high-voltage probe useful to 30 kv.
Model 107A comes with instruction manual
and test leads; in kit form, $36.50, or wired
and tested, $51.40. (Complete information is
yours for the asking—write to Electronic
Measurements Corporation, 625 Broadway,
New York, N. Y. 10012.)

3-D Sight Booster
For Experimenter

With today’s fast-paced, intricate technol-
ogy and the importance of delicate, precise
work, in one’s business, profession or hobby,
a sight-booster is often a vital necessity.
Available now is a low-priced slip-on binoc-
ular magnifier that quickly returns its cost
over and over. A quick, easy adjustment of

the head-band to accommodate head size,
and Magna-Sighter is in place—and stays in
place—even over regular glasses. To resume
normal vision, just lift the head a little, No
need to remove the Magna-Sighter. Like
magic, lower the head and object enlarge-
ment is over 2% times—leaving both hands
free to work. Featuring the finest ground and
polished prismatic lenses, Magna-Sighter has
no moving parts, nothing to wear out, noth-
ing to replace. Light in weight and heavy on
performance, its enthusiastic acceptance by
government agencies and famous names in
industry testifies to its value and usefulness,

Offered on a 30-day money-back guaran-
tee, Magna-Sighter is priced at just $9.95.
(To place an order or obtain more informa-
tion write Fairchild Optical Company, Dept.
TV31, 1555 West Howard Street, Chicago
26, lllinois.) ]
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easy-to-build
“FUN IN THE SUN” BOATS

If there’s one way to beat the high cost of boating,
it's the “build-it-yourself” way. Nearly one-half
million boat builders who have constructed their
own boats from Boating Journal’s Craft Prints would
verify this fact.

The cost of building is kept to a minimum through
special design features: that can offer you more
boat per dollar. Each of these boats has been built
from the same Craft Prints that are available to you.

Average materials cost and. construction time is
indicated as a guide.

All Craft Prints are fully detailed with complete
materials list, step-by-step instructions and enlarged
size drawings.

Don’t wait any longer to enjoy the fun of build-
ing and the fun of owning your own boat. It's easy
the CRAFT PRINT way. Just fill out the coupon be-
low for your “Fun In The Sun’ Craft Print.

255 = MINIMAX - Hydroplane
Materials cost: $20
Construction time: 1 day

8 fi. in length; 4 fi. beam and
weighs 68 Ibs. Will carry 2
people, take outboard motors
ranging from 3 to 15 hp. Has
a watertight air compartment
that will support 900 ibs. even
with the cockpit completely
filled with water Easy to build.
No. 255~Enlarged Plans, $3
No. 347 —Full Sized Plans, $8

e
- e
356~ TABU — Sports Sailer

A 16 ft. planing sailer performs
much like the Polynesian Is-
landers whose craft often ex-
ceed 20 mph. Rides over the
surface rather than through it.

LATGA

239-SEA ROVER-Cabin Cruiser
Materials cost: $212
Construction time: 65 hours
Can be built as a sports, utility
or cabin model in either a 15
or 17 ft. length. Seats 3 in for-
ward seat; 4 in cockpit on fold-
ing chairs.

106 — PETREL - Multi-Purpose
Sloop

Materials cost: $163
Construction time: 85 hours

16 ft. sailer that can be built
as an open cockpit racer or as
a cabin sailer with accommoda-
tions for overnight trips. Can
be adapted to outboard or air-
cooled inboards from 1 to 6 hp.
Seats 4. Wt. 650 Ibs.

343~ MINIMOST —Sports
Hydroplane

Materials cost: $15
Construction time: 1 day

An 8 ft. outboard. By using
stressed-skin construction and
advanced underhull design,
speeds up to 30 mph can be
altained with hight-weight out-
boards in the 10 hp. class.
No. 343 - Enlarged Plans, $3
No. 344—Full Sized Plans, $8

354~ SKEETO - Ski-Tow Boat

A 14 fi. 10 in. craft especially
suited for water-skiing. Able
to convert horsepower to mph
in a way that runabouts never
learned to do.

175~ EAGER EVE - OQutboard
Cruiser

This 18 ft. cruiser carries four
persons in the cockpit or sleeps
2. A cover hides the 25 hp
outboard motor. Can be trans-
ported easily on a trailer and
stored in a garage. Weight of
hult is 600 Ibs.

270 SEA FLEA — Midget Sailer

10 ft. in length; 4 fi. beam;
weight 90 Ibs. plus 15 Ibs, for
spars. A one-man boat, the lug
rig utilizes short, easily dis-
mantled spars and hull can be
carried atop an auto. This de-
mon midget sailer will provide
the utmost in sailing sport.
No. 270~ Enlarged Plans, $3

No. 348 —Full Sized Plans, $8

365~ SNAPPER ~Fishing Boat

1 ft. in length; 5 ft. beam;
weight 125 Ibs. One of the
easiest boats to construct. With
regular carpenter’s tools, and
average skill, this job should
take about 15 hours and the
cost of your materials should
be less than $50. Ideal for use
as 2 car-topper, this extremely
rugged lightweight fishing boa
is designed for use on sheltered
waters. SNAPPER is a fascinat-
ing and inexpensive introduc-
tion to the pleasures of boat-
building.

T

368 ~ SEA ANGLER ~- Off-Shore
Fisherman

Materials cost: $400
Construction time: 50 hours

A 20 ft. cruiser of the deep-vee
hull type which provides a high
turn of speed with minimum
pounding in rough ‘seas. Can
handle the latest in stern drives,
outboard motors, or conven-
tional inboard power plants.
Recommended with 150 hp en-
gine,

e ————— e —————

| Boating Journal/ Craft Print. Div., 585 Park Avenue /N.Y., N.Y. 10022 =
H d
] Enclosed is $———___ Please rush the Craft Prints | have circled. i
l $3.00 ea. 106 175 239 255 270 343 354 356 365 l
§ $500ea. 360 (enlarged plans) ]
| $s00ea 34 347 348 (full size plans) ]
| |
] |
| Name |
{please print) '
= Address, i
| Ciy. State, Zip. |
] Allow 3-4 weeks for 4th class delivery. For 15t Class, add 50¢. ]
| No C.0.D.’s or stamps. Satisfacti d or money refunded. |
] N6 N.Y.C. residents, add S9% for N.Y.C. sales tax. g

SPRING-SUMMER, 1967

17



18

Workbench Tips

B A frequent cause of hum (and sometimes
even whistles from radios) is an improperly
grounded can-type filter capacitor. Most can
installations rely on their twist lock for con-

nection to ground. In time an oxide forms—
a high resistance circuit occurs. To prevent
trouble, always solder at least one lug to
ground in kits and when replacing.

B If your SW ear phones weigh heavy on
your head, take a tip from the makers of hi-fi
headsets and pad them with foam rubber,
Foam rubber powder puffs are ideal for the
purpose and are available at most cosmetic
counters. To install, simply cut a %" hole in
the puff's center, and cement in place as
neatly as possible. Instali puffs wherever
headband meets top of your head.

“How do | plug this in?"

Ahout Your
Guarantee

We, the Editors, have the utmost faith in the pro-
cedures presented between these covers. They have
been written by experienced authors who are active
technicians—not just reporters, presenting happen-
ings as they think they see them.

Over a period of time this book should save 10- to
100-times its purchase price—if you are lucky enough
to have a set that only needs a tube now and then
and a rear-chassis control adjustment at intervals. We
cannot promise to teach you enough to cope with the
expensive shop-repair problems in such a limited vol-
ume. We can teach you “first aid"—what to do before
you call the service technician.

In this sense our authors are teachers—but all
teachers cannot convey all of their thoughts to all of
their students. Our readers are the students—wanting
to learn how to do the easier things for themselves.
Unfortunately, all students are not perfect students in
that they cannot learn everything from all teachers.
Here, the student is handicappec—he cannot ask ques-
tions to clear up a point that is hazy or something
that is different from the teacher’s example (because
it is made by another manufacturer or it is a slightly
different model).

The manufacturers of the actual devices do not
have identical products—even though the products
give similar services. All cars have wheels and an

engine—they can use the same tires, oil and gasoline;
you can even wash them with the same cleaner—but
you can't switch mechanical parts from one to the
other without making some form of compensation.
Electronic equipment is the same—some items are
interchangeable but some must be compensated for—
instructions printed here are generalities and will
cover most models manufactured.

Then, the symptoms of each electronic defect that
occurs can have several solutions because many com-
ponents are involved—not just one.

None of the normal procedures outlined here will
cause additional damage, electrically, to the defective
electronic instrument. Physical or mechanical damage
can occur through accident or carelessness though.

GUARANTEE

If, after faithfully following instructions as
set forth within this book on any men-
tioned repairs, adjustments, and installa-
tions you find instructions to be faulty and
it becomes necessary to call a service re-
pair man to repair your television set, we
will reimburse you for the cost of this
book. All you need do is send us a letter
detailing what happened in as few words
as possible, and return entire issue and
we'll refund your purchase price.

—The Publisher

TV REPAIR
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TUNE-UP TECHNIQUES
o AM RADIDS...

....0[h tupe and ransistor!

By H. 8. Morris

m As a radio signal rides through an AM receiver
—from antenna toward speaker — it may squeeze
through a dozen tuned circuits. Up front, coils
and capacitors slice one frequency away from
the rest of the band. Further along the circuit,
IF stages funnel the signal through sharply
peaked transformers. But unless those tuned
circuits hug their appointed frequencies, strong
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stations may slither through while weak ones
trail into a quagmire of noise. Or receiver
selectivity could topple and admit two sta-
tions simultaneously.

Keeping a receiver’s circuits finely tuned
and properly centered is the job of align-
ment. It's a task of turning, twisting, and
touching up coils and capacitors until they
resonate like a barber shop quartet. And
it involves adjusting slugs, trimming pad-
ders, and “rocking” the oscillator.

Is This Twist Necessary? Whether you
listen on grandfather’s Atwater-Kent, or
swing a solid-state transistor, be sure align-
ment will solve the problem. If the receiver
was accurately lined up at the factory, it
should remain that way for months or years.
Therefore, be certain that a tube, a bad
capacitor, or some other ailing component
1sn’t the real cause of failing receiver per-
formance before you start to align.

There are several reasons why receivers
go out of alignment, An IF transformer
could develop a shorted turn and veer off
resonance. RF coils or their forms might
absorb moisture and shift off frequency.
Sometimes installation of a new compo-

nent upsets alignment, especially if leads
are disturbed. In older sets, corrosion may
introduce resistance in mechanical joints
which disturbs tuning. (One serviceman
even claims a customer of his believed his
radio suffered from “loose screws.” The cus-
tomer tightened every one of them—which
aligned the radio on some frequency down
in the audio range.)

Handy Items. Some old timers boast they
can align an AM radio with one ear and
a sharpened lollipop stick. But for best
results, try to obtain a signal source and
an output indicator (Fig. 1). An aligning
tool that matches the slugs in IF transformer
cans is strongly recommended. Using a
regular metal screwdriver on powdered-iron
cores often ruins the slot. For adjusting
trimmer capacitors, use a non-metallic screw-
driver. Then tuning won’t waver as you
bring the tool near the circuit.

Best signal source is the standard RF sig-
nal generator, an instrument that produces
frequencies beginning far below the broad-
cast band (about 100 kHz) and extending
to the TV region (220 mHz). Instruments
of this type usually contain a built-in audio
oscillator for tone-modulating the RF signal
at 400 Hz. If you want to play it by ear,
it's possible to perform some limited align-
ment with an off-the-air station. Trimmers
in the IF stage or stages are adjusted until

Fig. 1. Necessary
instruments for AM
radio alignment are
seen on shelf-—an
RF signal generator
(right) and an
output meter, which
can be either a
VIVM or a VOM set
up to read AC volts.
On table, small
transistor portable
is in operation,
awaiting alignment.
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Fig. 2. A grid-dip oscillator can be used
in lieu of an RF generator, but it must
have coils for broadcast band and below.

loudest sound is heard in the speaker. (It’s
even possible to tune with no station at all
simply by making adjustments until the
strongest crackling noise is heard.)

The pitfalls of any informal tune-up tech-
nique are these: for one, the set may be so
far out of alignment that it’s insensitive to
any received signals. Another is that strong
signals produce AVC (automatic volume
control) voltages. This condition does not
produce optimum alignment for weak sta-
tions. And air signals aren’t convenient for
tracking alignment, a series of adjustments
which cause tuning circuits to shift across the
band in unison.

One trick for obtaining a free signal is to
use another AM receiver. The local oscilla-
tor stage within an AM set often generates
a frequency 455 kHz above its dial setting;
e.g., tune to 570 kHz and the circuit radi-
ates a 1025-kHz signal. Two shortcomings
of this approach: the signal may be too weak
to be picked up by a set which is consider-
ably off alignment, and you can’t obtain
important IF frequencies below the stand-
ard broadcast band. Thus, a regular RF sig-
nal generator is recommended for maximum
results. It produces strong, easily controlled
signals on any desired frequency.

If you're a ham, and you own a grid-dip
meter, it can serve as the signal source pro-
vided it has plug-in coils for all the align-
ment frequencies (Fig. 2). Frequency range
of the GDO should begin at about 200 kHz.
There’s usually no tone modulation with
these units, and thus it produces no tone in
the speaker. But if you have an audio tone
source you can usually jack it into the GDO
and modulate the signal.

SPRING-SUMMER, 1967

Consider the second major piece of equip-
ment needed for the job: an output indicator.
You can trust your ear just so far when at-
tempting to judge an increase in speaker
loudness as alignment progresses. Two limits
should be known if you try the ear method.
Good alignment technique says that least sig-
nal should be introduced to the receiver.
This imposes a hardship on the ear which
operates in logarithmic fashion; that is,
about a doubling in output audio signal is
needed for the ear to comfortably perceive
an increase in loudness. A meter is far more
precise. The instrument can be the AC volt-
meter section found on a standard VOM or
VTVM. It doesn’t have to be supersensi-
tive so long as it can indicate about 0.5 to
1 volt AC. It will be connected across the
speaker voice coil.

Some authorities state that a useful out-
put indicator is the tuning eye, or S-meter,
built into some receivers. These indicators
may work on well-designed receivers but
may not produce best results on cheaper sets.
They’'re based on measuring a receiver’s
AVC voltage, which varies with received
signal strength. In the inexpensive receiver
—and most AM sets fall into the economy
class—highest AVC voltage may not cor-
respond to maximum received signal. In fact,
it has been found that aligning for maxi-
mum AVC in some inexpensive circuits
might produce instability, feedback or “mo-
torboating.” (Turn page.)

Fig. 3. Alignment begins with IF strip
where slugs are adjusted to IF frequency
(usually 455 kHz). Slugs are accessible
through holes at transformer top or bottom.
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Three Steps, Then Twist. If you're facing
a transistor portable, an auto set or table
AC/DC radio, the approach to alignment
can be divided into three major steps. First
the IF strip, containing several transformers,
or cans, is adjusted so each element reso-
nates at the specified IF frequency (Fig. 3).
In the portables and AC/DC sets, this is
almost always 455 kHz. Auto radios are
usually at about 262 kHz. These frequen-
cies are usually marked on the set’s sche-
matic, which should be on hand during
alignment. It may contzin some special
tune-up quirk.

After IF stages are lined up, you’ll move
on to the local oscillator. That’s the tun-
able stage that generates a signal which
always lies above an incoming station fre-
quency. By mixing signals, a constant 455
kHz (or other IF frequency) is always pro-
duced for amplification in the IF strip. The
alignment process will trim up the oscillator
so it always shifts correctly as the receiver
is tuned.

Final step is a trimming operation on the
RF or antenna stage where the air signal
initially arrives and is selected.

Vive La Differencel Just about any re-
ceiver you'll encounter will be a superhet

and it’s aligned according to this three-step
approach. But there are bound to be small
differences. The transistor portable and
AC/DC set, for example, usually have no
RF amplifier stage. This is easily determined
by looking at the main tuning capacitor, the
one that’s rotated by the dial. If there are
two sections, or groups, of plates, the cir-
cuit has no tuned RF amplifier. In the three-
gang capacitor, the three groups of plates
indicate that a tuned amplifier is present.
In the car receiver, you'll probably see
no main tuning capacitor. These sets nearly
always have permeability tuning; in this ar-
rangement a group of slugs, rather than a
variable capacitor, performs the tuning func-
tion. Most auto radios have an RF ampli-
fier and one IF stage, but alignment is
basically the same as for other circuits.
These and other receiver differences are
shown throughout the accompanying photos
and illustrations. You’'ll see that a transis-
tor receiver usually has just one adjustment
(single-tuned) at each IF transformer. This
is in contrast to the double-tuned IF of the
tube models, where there are top and bot-
tom slugs (or trimmer capacitors in older
sets). These differences should be apparent
when the receiver’s main tuning capacitor
and IF cans are closely examined.
Warming Up. While you're giving the
radio and test equipment a 15-minute warm-
up for circuits to stabilize, let’s consider
some preliminary steps. One hazard in align-

Fig. 4. Local oscillator
on AC/DC sets is tuned
with smaller section
of two-gang capacitor,
RF input with larger
section. Trimmers

for respective sections
appear immediately
below stator plates.
Oscillator trimmer

is tuned to

specific frequency,

RF trimmer set

for peak response.
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ALIGNMENT POINTS
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Fig. 5. IF alignment points in AC/DC tube receiver are numbered 1 through 4 and should
be touched up in that order. Note use of isolation capacitor between B— and generator.

ment is possible shock from an AC/DC
receiver. And usually the problem isn’t
from the “hot” chassis of the receiver itself
(though there may be some danger here).
Instead it emanates from the signal genera-
tor lead that is connected to the electrical
ground of the receiver. It's possible for this
connection to place AC line voltage on the
metal cabinet of the generator.

One cure is to power the receiver through
an isolation transformer. Another sugges-
tion: while touching no part of the radio
with your bare hands. plug it in and place
one probe of an AC meter to the radio’s
electrical ground (usually the negative or
black lead from the electrolytic filter capaci-
tor) and the other meter probe to the build-
ing ground. (This is usually obtainable at
the wall outlet: touch the probe to the screw
that fastens the outlet’s cover plate.) If you
observe any voltage when the radio is turned
on, reverse the radio plug in the wall. Of
course, exercise precaution when working
near any live, exposed electrical circuits. An-
other precaution is placing a 0.1 uf capacitor
in series with the generator ground lead.

Another preliminary to alignment is turn-
ing the radio’s volume control fully on. The
reason is that the alignment process must
operate with least RF signal. It’s easy to
submit to the temptation to pour on the
signal since it produces a husky. easy-to-see
swing of the output meter. But this causes
the receiver’s AVC to fight back. As you
align for maximum output signal, AVC at-
tempts to reduce receiver sensitivity (which
is what AVC, after all, is intended to do
during normal reception). Thus, AVC tends
to smooth out signal changes.

Another problem is that AVC could vary
the bandwidth of the receiver, causing it to
grow broader during strong-signal reception.
Tune up the receiver in this condition and
adjustments may not be accurate for weak
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signals. So keep signal-generator output
throttled down to where you can just see
the needle rise on the output meter. And
AVC voltage will never develop to upset
the job.

Just before vou start the first alignment
steps (in the IF strip), the local oscillator
stage of the receiver should be rendered in-
operative. Otherwise signals from the sig-
nal generator and local oscillator could mix
and produce annoying “birdies.” A conven-
ient method for doing this is shorting the
main tuning capacitor section which con-
trols the local oscillator. It’s easy to locate
since the capacitor plates are usually smaller
than those for other section(s). A jumper
is placed between the stator (fixed) and rotor
(movable) plates of the capacitor. To be
certain you won't short-circuit a transistor
and possibly blow the semiconductor, use a
blocking capacitor in the jumper lead (about
.01 uf should kill the oscitlator). Remember
to remove the jumper for the other align-
ment steps.

Hooking Up. Fig. 5 shows the set-up for
IF alignment of a typical tube-type receiver.
Note that the signal generator’s hot lead
connects to the converter grid (pin 7 of the
12BE6, if the set is the common AC/DC
type). This injects an alignment signal into
the IF strip. A 0.01 uf capacitor is added
to the hot lead to prevent DC shorts, and
a 0.1 uf capacitor in series with the genera-
tor ground lead offers protection against a
possible hot chassis. The generator is set
to 455 kHz (or the approriate IF frequency)
and the 400-Hz audio tone switched on for
modulation.

The output indicator (the AC function
of your VOM or VIVM) connects across
the speaker terminals and responds to the
400-Hz audio tone. You’ll probably have
to set your meter to its lowest AC range to
detect the signal. And reduce both RF and
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tone modulation from the signal generator
for the smallest usable needle swing on the
neter.

If you’re aligning a transistor portable,
an alternate method for injecting the signal
is given in Fig. 6. Tiny circuitry and printed
boards make it difficult to inject a signal
directly into the converter stage, and, in
most cases, it's possible to radiate the 1F
frequency through the air via a small home-
made loop. It can be a few turns of hookup
wire clipped to the hot and ground leads
of the generator. Signal strength is adjusted
either by manipulating the generator’s at-
tenuator control or by moving the loop away
from the receiver.

Let’s consider Fig. 7 for an IF circuit
you're apt to encounter in a small transistor
portable. One difference between this IF
strip and the one in the tube circuit (Fig.
5) is that two IF amplifier stages occur in-
stead of the usual one. This means there

are three (not two) IF transformers to be
aligned.

There is yet another difference. In most
small portables, the IF transformers are
single-tuned; they contain just one tuned
circuit instead of the conventional two. The

practical implication is that you’ll be adjust-
ing only one slug, at the top of the trans-
former. Though there are generally two
coil windings in each IF transformer, the
secondary serves as an untuned coil which
matches the high impedance of the tuned
winding to that of the following transistor
base element. It can’t be adjusted.

Our final IF strip is the typical circuit
you'll encounter in the all-transistor car
radio, shown in Fig. 8. It’s characterized
by just one IF amplifier stage, but the IF
transformers are usually double-tuned. This
means that you’ll be adjusting two slugs on
each IF can. The hookup for generator and
output meter can be the same as that al-
ready shown for the transistor portable. The
IF frequency will be approximately 262
kHz.

By referring to these IF strips you should
be able to recognize the one you’re going to
align. There are other differences, to be
sure, but they’re mostly superficial. The
number of IF stages may vary, or trans-
formers might have small trimmer capaci-
tors instead of the more modern powdered-
iron slug. Too, the style of adjusting tool
might vary. Most IF transformers require
a screwdriver-type tool, some have hollow
cores which take a hex-shaped tool. These
items are readily available at radio supply
sources.

Peaking The IF Strip. Assume the signal

Fig. 6. Minuscule size
and printed-circuit
wiring of typical
transistor set make
signal injection difficult
if not impossible.
However, homemade
wire loop connected to
output of signal gener-
ator will ordinarily
radiate sufficient

signal to permit

RF or IF alignment if

Rt ot ‘ 2 placed near receiver,
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generator and output meter are hooked up,
with the modulated IF signal feeding the
receiver. The volume control on the re-
ceiver is turned fully up, and local oscilla-
tor shorted. (If the local-oscillator capacitor
is sealed or its connections difficult to locate,
turn the radio’s tuning dial to the highest
frequency on the band. This is an alterna-
tive to shorting the oscillator. It will re-
duce, but not completely eliminate, the
possibility of “birdies.”)

Always adjust the final IF transformer—
the one next to the detector—first. While
watching the output meter, turn the trans-
former’s slug or trimmer for highest indi-
cation on the needle. If there's no response
on the meter, raise the signal level from the
generator until a reading appears. The audio
modulation control on the generator is set
to about 30 percent and left at this level
throughout alignment.

As soon as you peak the transformer ( top
and bottom, if it’s double-tuned) reduce the
generator RF signal. This is a rule during
any alignment step: as soon as you obtain
a signal increase on the meter, knock down
the generator’s signal strength until the nee-
dle returns to its lowest readable point. That
way you'll avoid developing AVC as the
receiver is pulled into alignment.

When you align a double-tuned transform-
er, you'll note some interaction between
the top and bottom adjustments. This is

cured by going back and forth between
them until no further increase in output is
evident.

Move on to the next IF transformer. As
shown in our illustrations, the alignment se-
quence always begins with the last trans-
former and ends with the one nearest the
receiver’s converter stage. You can consider
IF alignment complete when all adjust-
ments—and weakest possible signal—pro-
duce no further peaking on the output
meter.

Let’s assume you cannot get a reading on
the meter as you begin alignment, even with
full signal generator output. This suggests
that either the receiver is very badly out of
alignment or some trouble exists in the IF
strip. In this case, inject the signal at the
grid of the last IF amplifier tube—or the
base, if it’s a transistor. If you still can’t
get an output reading, most likely there’s a
defective amplifier, transformer, or other
component. This signal-injcction technique
can provide a stage-by-stage check for lo-
cating trouble.

Once the IF strip is behaving well and is
resonating perfectly on the IF frequency,
don’t touch adjustments in this section for
the remainder of the alignment process. It
is possible, while aligning the receiver’s front
end, to return to the IF to build up a weak
signal. But this is misleading; the radio
might have good response at one end of the
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®

®

1ST IF 2ND IF 3RD IF
TRANS, TRANS. TRANS.
SIGNAL CONVERTER _ _ _ 18T . 2ND o
GENERATOR IF AMP IF AMP DETECTOR
C W7 |
| P
-b ! | @
| Iy
1 [
o el | . 3 [¢L D
455KHz ' L g
400H:z b B0 b o0 g OUTPUT METER
3 o 44 b oo SR I SPEAKER | (VOM, VTVM)
‘YRADIATING
LOoP
ALIGNMENT POINTS
Figs. 7 & 8. IF alignment of tran- @ ® ®
sistor portable (above) and car ISTLIF TRANS 2ND|IF TRANS
radio (right) are essentially the CONVERTER _—=\— — — Y IF S\E .DETECTOR
same, though IF transformers in J !

portable may contain only one (as
opposed to two) slugs. Numbers
indicate preferred sequence, i.e.,
from detector stage, through IF
amplifiers, to converter stage.
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dial, but seriously drop off in sensitivity at
another point if the 1¥F strip is reworked.

Tracking Oscillator and Antenna. Next
major step in alignment makes the local os-
cillator and antenna circuits tune over the
correct range. Whether you're listening to a
station at the low or higk end of the band,
the oscillator must alwavs create a signal
455 kHz (or whatever the IF frequency hap-
pens to be) above an incoming station. Be-
fore starting, remove the short across the
local oscillator, if one was used during IF
alignment.

The front end of a typical AC/DC tube
radio is shown in Fig. 9. Here you can
find the large two-gang variable capacitor
which controls the oscillator frequency and
antenna tuning circuit. It is split into two
sections—main RF tuning and main oscilla-
tor tuning, which are joined by a dotted
line to indicate they move in unison on the
same shaft. Mounted on each scction are
small trimmer capacitors which are ad-
justed during alignment: -he oscillator trim-
mer and RF trimmer (Fig. 4). We can be-
gin by adjusting the oscilator trimmer. It’s
usually the screw found next to the smaller
group of main tuning plates.

A trimmer is almost always associatcd
with tracking at the high end of the band.
Thus the signal generator is adjusted to
1600 kHz (or to whatever frequency the

10 IF
ALIGNMENT %NTS TRANSFORMER

\ é CONVERTER
LooP 7
ANT & TRIMMER {/ TUNING
OSCILLATOR
T
e | coIL
A |_4 %AIN
= SC
osc 7% 1 /7
SRR | | | TUNING

PADDER

Fig. 9. Front-end alignment of tube-type
receiver entails adjusting oscillator trim-
mer (point 1), then RF trimmer (point 2). Pad-
der capacitor is also adjusted at this time.

CONVERTER
C

- 'hl"l?IwNG TO IF TRANS.
4
n é MAIN 0SC.
= = TUNING
A |
RF 1 7! 7 0SC.
TRIMMER} TRIMMER
|
' —
b e e e
Fig. 10. Transistor set’s front-end align-

ment is similar to that for tube-type set
coil has

but slug in oscillator replaced
padder capacitor. See text for details.
receiver maker recommends). A simple

method for injecting the signal is via the
radiating loop described earlier. The radio
dial is also set to 1600 kHz or the point
where the main tuning capacitor plates are
fully open. Now the oscillator trimmer
screw is adjusted until maximum signal in-
dication is viewed on the output meter.
Move your tuning tool to the RF trimmer
and adjust it for peak reading. (If your re-
cciver is a deluxe model and has an RF
amplifier preceding the converter, adjust the
RF trimmer located on the third group of
main capacitor plates.)

In older receivers you may find an ad-
ditional (small) variable capacitor known
as a “padder,” shown in Fig. 9. It usually
appears when the main tuning capacitor has
plate sections which are all the same size.
To adjust the padder, tune both signal gen-
erator and receiver dial to 600 kHz, at the
low end of the band. The next operation
is a two-handed procedure known as “rock-
ing.” It's intended to secure the most effi-
cient relationship between oscillator and
antenna tuning. Grasp the receiver dial
(which is set on 600 kHz) and slowly turn
it back and forth over a small range. At the
same time, adjust the oscillator padder. You
should hit a combination of dial and padder
setting that yields most output signal. Once
you find it, you'll have to repeat trimmer ad-
justments at the high end of band, since they
interact with the padding step. Go back and
forth a few times until you cannot obtain
further increases in output.

Transistor Front End. The low-cost tube
radio usually has no tracking adjustment for
the low end of the band. The transistor sets,
both portable and table, however, often have
this provision. If you check Fig. 10, you’ll
see that in addition to the regular RF and

(Continued on page 98)
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SQUARE KEY

TO HI-FI ILLS

® Nothing lays bare an audio amplifier
faster than a square wave. This lopped-off,
stiff-sided test signal acts like it's got a built-
in brain. Feed one into a hi-fi set and it’ll
come out reading “tilt” if the circuit isn’t up
to snuff. Tinker with a home-brew ampli-
fier and square waves let you see what hap-
pens as you beef up bass or meddle with the
treble. And as our pictures show, square
waves can pinpoint a raft of symptoms that
spell trouble in audio equipment.

Old Lang Sine. A conventional way to
check out a hi-fi amplifier is using pure tone
from an audio oscillator. Viewed on an os-
cilloscope, the signal appears like the one
shown in Fig. 1; a simple sine wave. It’s
fine for signal tracing an amplifier that’s suf-
fered catastrophic failure—from a burned-
out resistor or shorted capacitor, for exam-
ple. But many troubles, like mushy sound,
oftea won’t show up. And examining an
amplifier’s frequency response is a tedious
job with sine waves. Many tones must be
fed in, then a graph plotted to reveal how
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the amplifier functions on each frequency.
Even then many troubles fail to materialize.

Sine in the Square. But lash together a
number of sine waves and the picture
changes. It's possible to mix a brew of pure
tones, each on a different frequency, and
come up with a handy composite. That’s
the square wave. A single square wave may
contain up to 30 different frequencies.
Square waves are fat signals that ram with-
in their shape a huge amount of frequency
information. Let’s see how they’re born.

In Fig. 2(a) is shown the combining of
two regular sine waves. One is the funda-
mental which we’ll assume is a mid-range
tone of 1,000 cps. Superimposed on it (dot-
ted line) is a second tone exactly three times
higher in frequency. It’s the third harmonic
on 3,000 cps. As the two sine waves mix,
they cancel or reinforce each other at differ-
ent points. For example, where both waves
fall on the positive side of the base line, volt-
ages add; but they buck each other when
polarity is opposite. This produces the re-
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Fig. 1. A sine wave, as seen on the oscilloscope
screen, represents a pure fone at a single frequency.
Sine wave goes square by adding harmonics.

FUNDAMENTAL (1000 CPS)
3RD HARMONIC (3000 CPS)

+
0

flatter top. Soon it becomes a true square,
like the actual scope photo in Fig. 3. This
square wave contains harmonics as high as
thirty times the fundamental (1000 cps).
One requirement for producing square
waves is that harmonics must be only odd-
numbered ones; 1, 3, 5, 7, etc. Otherwise
the shape will not be square, which is a con-
venient form for audio testing.

For the sake of comparison, we've shown
a sine wave of 1000 cps in Fig. 4. If ap-
plied to a speaker it produces a flat, color-
less tone since the wave is pure. An equiv-
alent square wave (Fig. 3) sounds rich,
almost musical. That's because it contains
dozens of harmonics, or overtones.

Clipped or Triggered. The source of
square waves is an audio oscillator. Al-
though simple instruments produce only
sine waves, many recent models, like Heath-
kit used here, include square-wave output.
Principle in some models is simply to take a
sine wave and severely clip its positive and

RESULTANT

WAVE Fig. 2. In A at the left, two sine

waves are combined. The resultant
wave is shown in B. By adding more

Fig. 3. Square waves on the oscilloscope screen are at
a frequency of about 1000 cycles per second. Look
closely; these are square waves, although horizontal
trace of the wave is brighter than the vertical part.

sultant shown in Fig. 2 (b); a double-
humped wave that contains frequency infor-
mation of both 1 and 3 kc, the original sine
waves. That resultant, Lowever, is not yet
a square wave.

By piling on more sine waves, the result-
ant begins to acquire s:eeper sides and a

harmonic frequencies, squaring can
be increased for desired shape.

negative peaks. The result is a square wave
with desired harmonics. A slicker system in
some audio oscillators is a trigger arrange-
ment. Here a sine wave is used only to trip an
electronic switch on and off. The result is a
sharply angular square wave,

The Basic Test. If the square wave sounds
like a complex signal, youre right. But
that's also the reason it makes audio testing
so easy. Since a square wave wraps so much
information into one waveform, it applies a
number of simultaneous tests to an ampli-
fier. By observing on a scope how the am-
plifier treats the wave, you're given illus-
trated clues to what’s wrong.

Another valuable feature of square-wave
testing is that signals more closely resemble
those of music. The smooth sine wave
doesn't sock the amplifier, like a sudden
cymbal crash or hefty drum beat. The steep-
sided square wave does. Thus it yields in-
formation on how the amplifier treats tran-
sient, at random, signals.

Setting Up. The items needed for checking
audio equipment with square waves are
shown in Fig. 5. The signal source is the
audio oscillator, at left, which feeds the in-
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Fig. 4. Sine waves at 1000 cps are shown here for com-
parison with the square waves of the same frequency
in Fig. 3. Note the sine waves are nof just clipped.

Fig. 5. Pictorial of test setup for square wave testing
shows load resistor connected in the circuit. Remem-
ber fo set amplifier controls in "'fi&t" position for fest.

EQUIPMENT UNDER
TEST (AMPLIFIER)

—o

SQUARE WAVE SOURCE

OSCILLOSCOPE
(AUDIO OSCILLATOR)

OAD
RESISTOR

put of the amplifier under test. Instead of
the usual speaker at the amplifier output,
a load resistor is connected. (Its resistance
can be, say, 8 ohms to agree with the am-
plifier output impedance. Power rating of
the resistor should be sufficient to handle
wattage output of the amplifier.) Using a
load resistor eliminates false readings that
might be introduced by voltages reflected
back from a speaker voice coil.

To observe the waveform, an oscillo-
scope is connected across the load resistor.
The scope need not be a lab type, but
should be able to handle frequencies within
the audio range, and somewhat higher. It’s
possible, when using high square wave fre-
quencies, for some scopes to distort the wave
shape. This should be checked by first feed-
ing the wave from the audio oscillator di-
rectly into the scope. The scope or audio
oscillator manual should provide required
adjustments for initial squaring off of the
wave, if necessary.

An actual test set-up is seen in Fig. 6. In
Fig. 7 a load resistor is shown being con-
nected across the output of the amplifier in
place of a speaker. And in Fig. 8 a scope
probe is being connected across the load
resistor.

SPRING-SUMMER, 1967

e et S : o

Fig. 6. Heathkit Model 1G-82 Sine-Square Generator
and Tektronix 317 Oscilloscope being used to check
output of CH-2133 Standard Transformer amplifier.

ety & s————
\ SPEA (ER CONNECTIONS
Al

HIVAC
. -~

PLIFIER 2

‘O8NS .

' I
4 G

AMPLY
-8

U
- 1 1
32 8 » 32 18

Fig. 7. A load resistor is placed across the output
terminals of the amplifier and then the oscilloscope
is connected. Leads go to vertical input termingls,

Feeding in Signals. There are some pre-
cautions to observe while testing with square
waves. One is that amplifier tone controls
must be set to their “flat” position. This is
done by adjusting bass and treble controls,
usually to their straight up position, as shown
in Fig. 9. Otherwise the amplifier might
seem to have poor bass response—for exam-
ple, if the bass control happened to be turned
down during the test.

Another factor is determining where to
feed in the signal. Usually an “auxiliary” or
“tuner” input is a good choice. If you apply
the test signal to a phono input, you may see
distortion on the scope. This is because
phono inputs are equalized; that is, purpose-
ly designed with treble cut and bass boost to
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Fig. 8. Oscilloscope probe picks off signal from the
speaker terminals of the amplifier. Ground lead from
probe is connected to the "G" or ground terminal.

Fig. 9. Bass and tfreble amplifier controls are sef to
the "flaf" position before testing. Rotating them dur-
ing fest shows effect of confrol on wave shape.

offset some frequency jiggling introduced
during the original disk recording. Phono
and mike inputs should be avoided, too, since
they provide extremely high amplification
and may overload the amplifier. This matter
of overload should be considered during any
square wave tests. While feeding in test sig-
nals, be aware that an overloaded amplifier
can also produce square waves due to signal
clipping. They may reszmble the square-
wave signal from the audio oscillator. The
problem, however, is usually simple to de-
tect. If the scope picture in Fig. 10 is exam-
ined, you'll note that the wave is flat on top

Fig. 10. A lack of symmefry between top and bottom
of the square wave indicafes possibilify of excessive
signal inpuf. Reduce gain of audio oscillator.

and spiked at the bottom. Whenever the
square wave does not appear symmetrical on
top and bottom, as in Fig. 10, it probably
means you're feeding excessive signal to the
amplifier. Reduce output from the audio os-
cillator and the wave should equalize be-
tween top and bottom,

Test. Frequencies. Just two, possibly
three, square wave frequencies can check
the complete frequency response of the am-
plifier. This is because a single square wave
frequency contains useful harmonics rang-
ing up to some ten times the fundamental
frequency. (We mentioned 30 times earlier,
but anything much over ten times is too weak
to be of value.) Thus the first test frequency
can be at the lower limit of the amplifier’s
rated frequency response. Let's assume it
is 50 cycles. This value is dialed on the
audio oscillator. The 50-cycle fundamental
square wave will check the amplifier from 50
to 500 cycles. Dial up 500 cycles and the
amplifier is put through its paces on the 500
to 5,000-cycle portion of the audio spec-
trum. And a 5,000-cycle square wave ex-
tends the test beyond the level of audibility.
Most high quality amplifiers, in fact, are de-
signed for good performance beyond the
range of human hearing and this can be ob-
served during the tests. Now let’s interpret
the waveforms.

Low-Frequency Response. We'll assume
that the audio oscillator is feeding the am-
plifier with a square wave and the result ob-
served on the scope screen. First major
waveform is shown in Fig. 11. It reveals
poor low frequency response. This is seen
by the slope of the wave across top and bot-
tom. Note that low frequency refers to the
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Fig. 11. Slope of square waves across fop and bottom,
as shown here, indicates amplifier under test has poor
low frequency response. Text gives possible causes.

lowest square wave frequency being fed to
the amplifier. This is the fundamental; the
frequency dialed on the oscillator. If that
frequency is, say, 500 cycles, nothing below
that value will be seen. Thus if you wish to
check low-frequency response of a hi-fi am-
plifier, use a very low square wave frequency,
like 20 cps.

Some causes of poor low frequency re-
sponse are coupling capacitors of inadequate
capacity, defective bypass capacitors, or
skimpy output transformer.

High-Frequency Response. The scope
photo in Fig. 12 indicates an amplifier that’s

Fig. 12. This is how poor high frequency response will
affect the shape of the square waves. Leading edges
are softened at top and botfom parts of the waves.

losing its high tones. Note how the wave
curves near top and bottom. This soften-
ing of the normally square shape indicates
loss of higher harmonics from the square
wave.

High and Low. The square wave in Fig.
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13 shows not only an amplifier in sad shape,
but points up the versatility of square-wave
testing. That trace reveals that frequency re-
sponse is sagging badly at both high and low
ends. Note the rounding at top and bottom.

Overshoot. A small spike forming on the
leading edge of the wave, like the one in
Fig. 14, denotes overshoot in the amplifier. It

Fig. 13. An amplifier with poor high and low frequen-
cy response will pass a square wave rounded on the
leading and trailing edges; compare with Figs. 11, 12,

Fig. 14. Small spike visible on the leading edge of the
squore waves indicafes overshoot or excessive high
frequency response that fuues transient passages.

means the amplifier is overreacting to the
sharp rise of the square wave. In practical
terms, an amplifier with overshoot tends to
fuzz musical passages of a transient nature;
those which occur with fast attack. This
problem, actually due to excessive high fre-
quency response, is related to the next wave-
form,

Ringing. A close look at Fig. 15 reveals
a small ripple along the top and bottom of
the square wave. This means ringing, a con-
dition where the amplifier is temporarily
shocked into an oscillation. Both ringing and
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Fig. 15. A ringing condition is indicated by ripples
across fop of square wave. Ringing occurs when am-
plifier is shocked into oscillation by a sharp transient.

Fig. 16. Almost-sawtooth wave form, representing ex-
treme bass response, is obtained when the bass contfrol
is cranked up full and treble is backed all the way off.

overshoot rob sound of clarity, especially
during transients.

Some possible causes in both cases are
poor isolation between amplifier circuits

(causing undesirable feedback, possibly
through adjacent wires) or lack of shielding
between circuits.

The waveform in Fig. 16 was obtained by
turning the bass control fully up, and treble
down. Thus the wave reveals extreme bass
response. A trouble that could cause this is

Fig. 17. An amplifier with extreme treble response
passes square waves with sharply attenuated trailing
edges; frace cufs diogonal across square waves.

On the Heathkit 1G-82 Sine-Square Generator front
panel controls are marked with output wave form.
Pencil points to square wave; sine wave is on right.

lack of negative feedback. Fig. 17 reverses
the condition, and shows an extreme high-
frequency condition.

Whether you're working with hi-fi, PA or
any other kind of audio equipment, square
waves can speed the job. The ability to put
an amplifier through several tests simultane-
ously makes the square wave a natural for
troubleshooting, signal tracing or circuit de-
signipg and adjustment. Just watch the scope
trace; when it’s square—you're there! a
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Exclusive with FRC A . . .
AUTOTEXT
faster, easier way

oward a career
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EY.CLUSIVE WITH RCA. “AUTOTEXT,” developed by RCA
and introduced by RCA Institutes, Inc., is a system of
programmed instruction, accurately planned so that as
you read a series of statements, questions, and answers,
you learn almost without realizing it! It's fast! It's easy!
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NEW TREND IN EDUCATION! Programmed instruction
has been proved with thousands of students. People who
have had trouble with conventional home training meth-
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electronics almost automatically!
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WHEN it starts to get balky, all your
pleasure in your recorder can quick-
ly go straight down the drain—unless you
can set things right.

Like any other mechanical device, a tape
machine will treat you only about as well
as you treat it. So, just as you give your
car periodic checkups and indulge it with
preventive maintenance, you should give
your recorder a good, regular once-over
and catch minor problems before they be-
come major ones.

Fortunately, some of the most annoying
things likely to plague your unit are also
the most easily fixed. Often, no more than
a thorough cleaning job is required. As for
a number of the more demanding prob-

'I Use a demagnetizer such as this one from Audio
Devices to remove unwanted residval magnetism
from tape heads. Tape on pole pieces saves heads.

Clean heads periodically with commercial sol-
4 vent such as Robins Industries head cleaner. Use
soft cotton swab dampened with liquid. Do not drench,

lems, you can often correct them yourself,
too, with just a little care and patience.

One of the commonest is too much tape
hiss and background noise. This can gen-
erally be traced to a record head—some-
times a playback head, too—that has be-
come permanently magnetized. A tape
head, of course, is an electromagnet that
should be pristine pure except when a
signal is going through it. Residual mag-
netism is often left, however, when a par-
ticularly heavy surge of signal current is
generated, especially if the machine is
abruptly switched out of record mode
before the signal subsides. Carelessly
bringing magnetized tools near the heads
can also do the damage.
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2 Stroboscope tape from Robins Industries appears
to stand still when viewed under neon lamp pro-
vided speed is accurate. Speed changes also show.

5 Use nail file with caution and you can fiuff up a
tired pressure pad. This treatment also takes
oxide coat off pad surface. Do not scratch the heads.

Such permanent magnetism impresses
itself on the passing tape and is thence-
forth inscribed as noise—and/or hiss. If
head magnetization continues to build up,
it can even erase the high frequencies from
your tapes during playback!

The best way to fight this problem is to
prevent it. If you must stop the tape just
as a strong signal is being recorded, use
the pause control and wait until the signal
level drops appreciably before going into
full “stop” mode. If you have no pause
control, turn down the record level before
going to stop. But if the damage has al-
ready been done, the services of a demag-
netizer are in order.

Recorders are also subject to a pair of
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For more stringent test, splice sections of the
strobe tape into beginning, middle and end of a
reel, 30 you can test speed under full-load conditions.

Align playback head by using Audiotex aligne

6 ment tape. Carefully rotate adjusting screw
until level reaches peak. Use non-magnetic driver.

ills named wow and flutter. These are
speed variations. Wow is a low-frequency
speed shift that stretches sound out like
taffy, and flutter is a rapid fluctuation that
can put vibrato where it hadn’t ought to
be. There are times when you think you've
got a case of these pests but aren’t certain.
Your doubts can be resolved with the aid
of a handy little Robins strobe kit.

Wow is often caused by slippage, which
can frequently be traced to a buildup of
tape oxide and lubricant on the capstan
assembly. This is the finely-machined post
that revolves to pull the tape past the
heads at exact speed, plus the rubber idler
wheel that presses the tape to it.

Dirt buildup, this time on the heads and
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pressure pads, often produces friction that
creates flutter.

A simple cleaning operation is the solu-
tion to either problem. For the purpose,
Robins makes a special tape-head cleaning
fluid that comes in &n applicator-type
bottle. On some machines, pure alcohol
may serve, if the manufacturer’s instruc-
tions so indicate.

Cleansed parts should be allowed to dry
before running tape through the machine.

Another cause of high-frequency loss

RECORDER REPAIR

is head misalignment. It is usually notice-
able immediately on three-head machines
but may only show up on two-head record-
ers when you play an old tape or one
recorded on another unit. For proper
recording and playback, the head gaps
must be positioned precisely at right angles
to the tape edge.

Alignment can readily be corrected on
most recorders by a simple screw adjust-
ment. The trick is to figure out how much
to turn that screw. Audio Devices and
Audiotex both offer alignment tapes for
this purpose Recorded on a precisely-ad-
justed machine, they consist of a series of
steady tone signals. All you do is adjust
the playback head gingerly until the tone

7 While recording the alignment tape from an-
other machine, adjust head for maximum
while monitoring. Con be done with S5.0.5.

'I 'I If unit fails to record, bridge terminals of re-
cord head with a pair of earphones to isolate
the trouble. You should hear the program material.

Adjust recording bias by recording alignment
tape as it is played from a second machine.
Again for maximum volume level during monitor.

]2 You can by-pass tape recorder’s preamplifier
and clip-lead connect directly to the phono in-
put of your amplifier to check out tope preamp,
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is at its loudest. Then you'’re on the nose.
If you can get hold of a good volt-ohm-
meter (VIVM), you can make this job
easier by plugging it into the recorder’s
output and watching for maximum needle
deflection.

Suppose all your recently-made tapes
sound badly distorted, but your erase head
is working properly. Chances are that
your bias oscillator, which provides cur-
rent to the record head, is out of adjust-
mer.t. As long as you can reach the bias-
adjust trimming screw, you can rectify
this situation. Incidentally, on stereo re-
corders there is an adjustment screw for
each channel

The setup is pretty much the same as for

9 If you have a VIVM, you can connect a 100 ohm
resistor in the ground leg and measure the volt-
age drop between the head and record amplifier.

di t head

]3 If it b y to
leads, label leads with small strip of cello-
phane tape and numbers or letters to identify.
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aligning heads. Using a borrowed machine
as source, you should copy the continuous
tone from an alignment tape. As you make
the copy on a three-headed machine, you
simply monitor the tape and very slowly
turn the bias-adjust screw until the tone
is at peak loudness. Once again, a VTVM
attached to the recorder’s output gives a
much more reliable indication than your
ears. But for this purpose, it must be able
to read down to 0.01 volt or less.

If you take the time to perform routine
preventive maintenaiice on your tape re-
corder, you will have little trouble with it.
Catch those little things before they re-
quire the aid of a professional (and ex-
pensive) serviceman. a

10

Eevet (WH
r

, those compl

14

Unless you have tape lifters, by-pass the slot
during rapid wind and rewind to save wear
and tear on your head surfaces. Trip end-of-tape lever.

little parts
and screws often become lost during service
work. Place small parts in plastic boxes to save.
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FOREIGN TUBE REPLACEMENT GUIDE

8 How many times have you been faced
with the problem of replacing an obviously
defective QA2408 vacuum tube in a Euro-
pean “von Schlock Super XB8” receiver not
knowing that an ordinary 6SN7GTB will do
the job? Don’t fret! You will not be the
last service technician or “do-it-yourselfer”
who held up a simple repair job while wait-
ing for a mail order package to arrive, when
the exact or near exact replacement vacuum
tube was in your tube caddy or resting in

interchangeability replacement guide for
foreign tubes is given below to take care
of such problems. The replacement types
listed will give satisfactory performance in
almost every case when used in home en-
tertainment equipment. However, due to
very unusual circuit design or a critical appli-
cation, some replacement tubes may not give

proper or usable operation.
In some very rare cases, damage to the
circuit may occur. To avoid this, observe
(Continued on page 97)

another receiver that was not in use. The

Foreign Replacement |Foreign Replacement
B34 12SN7GTA ECC32 6SN7GTB*
B45 §SN7GTB ECC33 6SN7GTB®
BIS2 12AT7 ECC35 6SLIGT®
B309 12AT7 ECC8l 12AT7
B329 12AU7 ECC82 12AU7
B339 12AX7,7025 ECC83 12AX7.7025
B719 6AQ8 ECC85 6AQ8
BPMO4 6AQSA ECC85 §GM8
D2M9 6ALS ECC88 6DJ8
D63 6HE ECCII 6J6A
077 6ALS ECCI80 6BQTA
Di52 6ALS Cig 6ES8
DAF91 155 ECC80IS 6201
DAF92 1US ECC900 6HAS §HMS
DDé 6ALS ECF80 6BL8
DF62 1AD4 ECF82 6U8
DF9I 174 ECF86 6HGS
DF92 L4 ECL82 ¢BM8
DF904 1U4 ECL84 6DX8
DH77 6ATH ECL8s 6GW8
DH149 7C6 ED2 6ALS
DH719 6T8A EF22 787*
DK32 IATGT EF36 6J7°
DK9| RS EF37A 1620°
DL33 3Q56T EF39 6KT*
DL9I 154 EF72 5840
DL92 384 EF93 6BAS
DL94 3v4 EF94 SAUSA
DL9S 304 EF95 8AKS
DPéI 6AKS EF9% 6AGS
DY30 18367 EF183 6EH7
DYao 1X2A/8 EFI184 6EJ7
DY86 1S2A,1H2 EF731 5899
DY87 152A,1H2 EF732 5840
E8ICC 6201 EH90 6CS6
E88CC 6922 EH900S 591SA

F 6661 EKS0 4BE6

E9IAA 5726 EL34 6CA7
£91H 5915A EL3S 6Y4GT*
E9IN 5727 EL37 6L6GC
E%SF 5454 EL84 4BQS
E99F 6662 EL86 4§CWS
EISOF 6488* EL90 6AQ5A
EIS2CC 7044* ELISO 128Y7A,12BY7
EAAS9I 6ALS EMsI 6DAS
EAA0IS 5726 EM84 6FGé
EABCS0 6T8A EN9I 2021,5727
EB34 6Hb EN92 5696A
EB9! 6ALS® EN93 D4
EBC90 SATS EY8I 6AF3*
E£3C9I 6AVS EY88 sAL3
EBF32 6B8* EZ35 6X5GT
EBF8Y 4DC8 E£280 6v4
EC7 5718 EZ8) 6CA4
ECS0 6C4 EZ90 6X4
EC92 6AB4 GIRN 5AR4
EC93 6AF4 GZ34 SAR4
EC94 6AF4 H52 5U4GB
EC95 6ERS H&3 5
ECY? 6FYS HAA%I 12AL5

Foreign Replacement |Foreign Replacement
HABCS80 1978 $1208 082
HBC90 12AT6 V03/12 5763
HBCS) 12AV8 Y06/20 6146,6146A
HCC85 17EWS RI9 1X2B
HD5I 0A2 REI SY3IGT
HDS2 0B2 5856 0A2
HF93 12BA6 5860 0B2
HF94 12AU$ T2M05 6J6A
HK90 12BES U4l 183-GT
HL92 C5 uso 5Y3GT
HM04 46BE6 us2 5U4GB
HY%0 35W4 u70 6X5GT
KD21 0A3 uzs 6X4
KD24 0C3 u147 6X5GT
KD2S 0D3 Ui49 Y4
KT32 25L46T U709 6CA4
KTé3 6F6GT uLs4 4585
KT66 6L6GC uuli2 6CA4
K771 50L6GT Y2M70 6X4
KT88 6550 WwIi7 174
KTZ63 817 Wé3 6K7
Lé3 &15 W76 12K76T
L77 6C4 wi43 787"
M8079 5726 w47 6K7*
M8080 6100 w49 87
Msosli 6Jb w727 6BAS
M8100 5654 WT294 oD3
M8138 4189 X4 IA7GT
M8l62 6201 X7 IRS
M8B196 5725 Xé3 A8
M8204 5727 X5 6K8
M8212 5726 Xb6 6K8
NIS 3IQ56T X717 6BES
NIs 3Q5GT X727 6BES
NI7 354 XC97 2FYS
NI8 3Q4 XCC82 1AU7
NI9 3v4 XCC189 4ES8
N709 6BQS XCF80 4BL8
N727 6AQ5 XF183 IEH?
OBC3 125Q7 XF184 3EJ7
OM$ 6K7* XFRI 1AD4
PCF80 9A8 XL84 §8Q5
PCF82 JUSA XY88 16AQ3
PCF86 THGS YF183 4EH7
PCL82 16A8 YFI84 4EJ7
PCL84 150Q8 763 &J7
PF9 6K7 Z3007 0A4G
PH4 6A8 Z900T 5823
PL2I 2D21,5727 D17 3]
PL84 1ISCWS [o] IRS
PLS00 27GB5 IF3 1T4
PM04 6BAS IFD9 1S5
PMO5 6AKS IPIO 354
QA2404 5726 1PYI 3v4
QA2406 6201 D2 6ALS

A2407 6202 6L12 6A08

A2408 6SN7GTB 6LI13 12AXTA,7025
E06/50 807 6PI5 6BQ5
QV03/10 6360 6Y4 6CA4

$1207 A2 52KV SY4GA
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Operating, non-operating, and out-of-sight

controls—what they are and how they work

By Joseph R. Griffin,

National Radio Institute
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Fig. 1. These are the common controls found on the average TV receiver for normal adjustments.

source of entertainment. Most everyone

derives a great deal of pleasure from
viewing a picture on a properly operating set.
On the other hand, the user might consider a
TV set on which the picture or sound is lack-
ing in quality, a source of annoyance and
frustration rather than entertainment.

Poor set performance is sometimes caused
by defective components such as tubes, re-
sistors or capacitors. In such cases the remedy
is to call the TV serviceman. But in many
instances poor reception is the result of in-
correct adjustment rather than a defect in
your TV set.

You already know that there are many con-
trols you must properly adjust. There are
also many hidden or rear controls. These “out
of sight” controls are used to make adjust-
ments to the various sections of your set to
keep it in satisfactory operating condition. If
you know what these service controls are
supposed to do, you can correctly adjust them
for the best possible picture and sound. By

TO MOST people a television receiver is a
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doing this you can often save yourself the
expense of a service call, and eliminate un-
necessary sub-standard reception.

Grouping of Controls. For convenience in
discussing TV controls, we will group them
according to their purpose. The first group
will include those controls normally operated
by the user. We will refer to these as operat-
ing controls. The second group, which we will
call non-operating controls, includes those
which usually require adjustment by a
serviceman.

Operating Controls. Operating controls are
those which are adjusted by the user in the
normal operation of the set. These controls
are located on the front, top or side of the set,
and are readily accessible to the user. This
group is generally made up of the on-off vol-
ume control, channel selector, fine tuning and
contrast control. Sometimes the brightness,
focus, vertical and horizontal hold controls
will be included in this group.

Non-Operating Controls. Non-operating
controls normally are not to be changed by
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the user after initial edjustment by the
serviceman who installed the set. However,
as tubes and component values change with
age, these adjustments will require touching
up from time to time. In this group we have
the following: ion trap, deflection yoke, hori-
zontal frequency control, sync stability con-
trol, width or horizontal size control, height
or vertical size control, horizontal and vertical
positioning and linearity controls, and auto-
matic gain control (AGC).

Table I lists the controls that may be found
on TV receivers. This cha:t includes controls
that are used on all sets plus some that are
found on only a few TV sets. It is doubtful
that you will find all of tke controls listed in
the chart on any one TV receiver. Manufac-
turers have their own ideas as to where con-
trols should be located, therefore a variety
of arrangements for the location of controls
are found on the many different model sets
in use today. Fig. 1 shows typical arrange-
ments for the location cf controls on TV
receivers.

Safety Measures. The high voltages re-
quired to operate the various parts of a tele-
vision receiver present an extremely danger-
ous shock hazard. To protect the user from
dangerous shocks, most TV sets have an in-
terlock switch or special line cord attached
to the back cover. When the back cover is
removed, the interlock switch opens or the
line cord is disconnected, spening the power
supply circuit. A caution lebel containing this
information is affixed to the back cover of
most TV sets.

To gain access to such controls as the ion
trap magnet, deflection yoke, and on many
TV sets, the positioning and focus controls,
you must remove the back cover. This means
that you will either have to detach the line
cord from the back cover, or use a separate
line cord (cheater cord) to connect the set to
the power outlet. On sets using an interlock
switch, you will also have to secure the switch
in the closed position, possibly with masking
or friction tape.

In making adjustments you will be work-
ing in close quarters, relatively near parts
having high voltage. The following precau-
tions should be observed when making ad-
justments inside the cabinet while the set is
operating. (1) Do not adjust the controls in-
side your set while standing on a concrete
floor. (2) Make sure that there are no metal
objects or wiring nearby tarough which you
might make accidental contact to a good elec-
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Fig. 2. With the back cover removed from the
set, we can achieve access to some of the less
frequently used but very important controls.

trical ground. (3) Always keep one of your
hands in your pocket when making your ad-
justments. This will prevent you from making
a contact that could produce an unpleasant or
dangerous shock. (4) Avoid contact with all
parts having high voltage; especially the pic-
ture tube anode, or, in the case of a metal
picture tube, any part of the metal shell of
the tube. (5) In general, stay way from all
tubes to avoid burns. A burn caused by a hot
tube, or an electrical shock can result in cuts
or bruises from striking other parts as your
hand is withdrawn from the source of danger.
(6) Use only moderate pressure to adjust any
of the controls on the neck of the picture tube.
Undue pressure or a jar can break the glass
envelope causing the picture tube to explode.

If you follow these safety rules and use
sound and careful judgment, you can safely

Fig. 3. Most of the often needed controls are

on the front or side of television receivers;
the others are on the back chassis of the set

TV REepPAIR



and correctly adjust your television set.

Test Patterns. Many TV stations transmit a
test pattern for short periods before and after
their regularly scheduled programs. Test pat-
terns are a valuable servicing aid in making
rapid checks of the performance and adjust-
ment of a TV receiver. If no test pattern is
available at the time you adjust your set, you
can use the actual picture to check the adjust-
ment of the various controls.

Normal Test Pattern. A mirror placed in
front of the set will enable you to observe the
picture on the screen while you make ad-
justments from the rear of the set. Fig. 3
shows the appearance of a typical test pattern
with all controls properly adjusted, displayed
on the Conar CusTton 70 television receiver,
sold in kit form by the Conar Division of
National Radio Institute, Washington 16, D. C.
Whenever the controls on any TV receiver
are correctly adjusted, the test pattern should
have the same general appearance as shown

VERT, HOLD _

HEIGHT —
VERT. LIN. —_

A.G C ——

BUZZ CONTROL

LIGHT CIRCLE
VERTICAL WEDGE

HORIZONTAL
WEDGE

BLACK DISK

in Fig. 3. The concentric circles should be
perfectly round and graduated in tones from
the black dot in the center of the pattern to
the white area surrounding the largest of the
group of small circles. The outermost white
circle should be flattened at the top and bot-
tom to give the picture the standard 4:3 ratio
of width to height.

Analyzing The Test Pattern. The elements
of the test pattern are labeled in Fig. 3 and
should conform to the following specifica-
tions: the light circle should appear just
inside the edges of the mask when the hori-
zontal and vertical size controls and the cen-
tering controls are properly adjusted. The
dark circle and the edge of the black
disc are perfectly round when the hori-
zontal and vertical linearity controls are
properly adjusted. Wedges are vertical and
wedges are horizontal when the deflection
yoke is properly positioned. The lines in the

POSITIONING TABS

L1 1OR. FREQ.

i
%

1
; -‘f'—‘SYNC. STABILITY

L DEFLECTION YOKE

DARK CIRCLE

HORIZONTAL
WEDGE

VERTICAL WEDGE

/

Fig. 5. The make-up of the familiar test pattern was designed to be an aid in diagnosing problems.
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Fig. 6. This set with o misadjusted ion-trop
shows a dark area on left side of the screen.

Fig. 7. With the deflection yoke set awry, you
get a cockeyed picture. Just straighten yoke.

%

FoaNAR

L S DREH

5

/

#

Fig. 8. Improperly adjusted focus control causes
picture to smear, distort, and lose contrast,

4

wedges are sharp and distinct when the focus
control and ion trap magnet are properly ad-
justed. The concentric circles are of different
shades from light gray to black, when the
brightness, contrast, and AGC controls are
properly adjusted.

Adjustments. TV controls may conveni-
ently be divided into four groups. The first
group includes those controls which affect the
operating conditions of the picture tube. The
second group includes those controls which
are adjusted to lock in step, or synchronize,
the picture with the transmitted signal. The
third category includes controls which adjust
the size and positioning of the picture. The
controls which are used to adjust the shape of
the picture make up the fourth group.

We will now take up the adjustments of
controls in each of the four groups. As we dis-
cuss specific controls, we will show how the
picture will be affected by improper adjust-
ment of that particular control.

Picture Tube Operating Conditions. The
name ion trap magnet is a misnomer. It
should actually be called an electron beam
bending magnet.

In a picture tube electrons emitted by the
cathode are focused by the electron gun as-
sembly into a beam which is directed toward
the phosphor coated screen of the tube. This
electron beam also contains charged particles
some 2000 times heavier than electrons, called
ions. If these massive particles are permitted
to strike the screen, they will destroy the
phosphor coating wherever they strike, caus-
ing a brown spot to appear where no picture
information can be produced.

In earlier picture tubes, several methods
were devised to prevent ions from striking
the phosphor coated screen. Two of these
make use of the fact that ions are not ap-
preciably deflected by magnetism. In one
type picture tube the entire beam made up of
both ions and electrons is deflected electro-
statically within the gun assembly. The other
type uses a bent electron gun assembly which
directs the beam toward an anode located on
one side of the tube. In the absence of the
magnetic field which the ion trap magnet
supplies, both ions and electrons are deflected
to the anode, and the screen of the tube can-
not be lighted because no electrons reach it.
The ion trap magnet serves the same purpose
in both type tubes; to deflect the electron
beam, minus ions, toward the center of the
screen. Fig. 6 shows the effects on the pic-
ture of an incorrectly adjusted ion trap mag-
net. Note the darkened area on the left side
of the screen, and the lack of definition. Also
note that the picture is positioned too far to
the left of the screen.

To adjust the ion trap magnet, move it
back and forth along the neck of the picture

TV REPAR



tube, rotating it slightly at the same time,
until you obtain maximum brightness on the
face of the picture tube. Next adjust the
focus and positioning controls and readjust
the ion trap magnet. You may have to adjust
the ion trap magnet so that the brightness is
decreased slightly in order to improve the
focus.

Many modern TV sets do not use an ion
trap magnet. The phosphorous coating on the
face of the picture tube is backed with a thin
layer of aluminum. Electrons readily pass
through this aluminum layer to strike the
phosphor coated screen, but the heavier ions
are blocked by the aluminum layer. The
aluminum layer also reflects the light back to
the viewing side of the screen that normally
would radiate into the back of the picture
tube. This type tube will give a brighter pic-
ture than the type which does not have the
aluminum layer. Since the ions do not have
to be removed from the beam this type pic-
ture tube uses a straight electron gun which
directs the beam to the center of the screen.

Deflection Yoke. The deflection yoke is lo-
cated on the neck of the picture tube. Its
purpose is to produce the varying magnetic
field necessary to deflect the electron beam
vertically and horizontally to produce the
scanning raster on the screen of the picture
tube. If the yoke is not correctly positioned,
a tilted picture will result. To correct a tilted
picture, first make certain the yoke is posi-
tioned as far forward on the neck of the pic-
ture tube as the bell will allow, and then
rotate the yoke until the picture is level
When the yoke is properly positioned, it
should be secured in position by a clamp or
lock screw. A picture of the deflection yoke
is shown in Fig. 4. The effect on the picture
of an improperly mounted deflection yoke is
shown in Fig. 7.

Focus Control. There are three types of

Fig. 9. Contrast control is set much too high.
Gray shades wash out; picture is much too dark.
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focus controls in use on TV sets. One type
uses a magnet located on the neck of the pic-
ture tube. This can be adjusted by a shaft
extending from the back of the set, or you
may find it necessary to adjust several screws
to correctly position the focusing magnet.

A second type of focus control uses a coil
to electromagnetically focus the beam. The
voltage across the coil is varied by a voltage
divider potentiometer to give the best focus.

A third type focusing arrangement uses a
series of taps or terminal connections to
which the focusing electrode is attached to
give the best possible focus. Fig. 8 shows the
effect of an improperly adjusted focus con-
trol. Note the lack of definition in the image
as compared with the normal test pattern.
The focus control should be adjusted to give
the sharpest, clearest picture possible.

Contrast Control. In Fig. 9 you see the
effect of improper adjustment of the contrast
control. In this case the contrast control is
set too high. Note the effects; the picture is
all black or white without shades of gray. On
the other hand, when the contrast control is
set too low, the picture will be all gray with-
out sharp distinction between the black and
white areas. The contrast control should be
rotated to adjust for the most pleasing differ-
ence between light and dark areas.

Brightness Control. The brightness control
adjusts the bias voltage between the control
grid and cathode of the picture tube, to
establish the correct blanking or black level.
Fig. 10 shows the effect on the picture of an
incorrect brightness control adjustment,
(brightness too high). Note the faintness of
the image and the general washed out ap-.
pearance of the picture. The brightness con-
trol is adjusted together with the contrast
control to give the best possible picture quali-
ty. If the brightness control is turned to the
extreme counterclockwise position, the screen

Fig. 10. With brightness control set too high,
picture washes out and the image becomes faint.
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Fig. 11. AGC out of adjustment. The strong sig-
nal causes excessive contrast and audio hum.

Fig. 12. Horizontal hold is out of kilter. The
slanted lines indicate the need for adjustment.

will be completely dark—with no lines.

AGC (Automatic Gain Control). The AGC
Control when properly adjusted enables you
to tune to different channels having various
signal strengths without requiring you to re-
adjust the contrast or volume controls each
time you change channels. If the AGC con-
trol is improperly adjusted, a strong signal
will cause the picture to have excessive con-
trast, and a hum will be heard in the audio.
Fig. 11 shows this condition. To adjust the
AGC control, tune the receiver to the strong-
est channel in the area and rotate the AGC
control clockwise until you notice excessive
picture contrast, buzzing sound and pulling or
tearing at the top of the picture. Then rotate
the AGC control counterclockwise until the
picture becomes normal once more. The con-
trol is then set to hold the gain of the receiver
constant on all channels.

Horizontal Hold Control. The horizontal
hold control is adjusted to change the fre-
quency of the horizontal scanning oscillator.
When this control is incorrectly adjusted,
there will be a number of diagonal bars on
the screen. Fig. 12 shows the effect of an
incorrectly adjusted horizontal hold control.
To adjust the control, rotate the shaft first in
one direction to determine if the number of
diagonal bars increases or decreases. If the
number of bars decreases, continue turning
the control in the original direction. If the
number of bars increases, reverse the direc-
tion of rotation of the control and continue
adjusting until the picture locks in.

Vertical Hold Control. The vertical hold
control sets the frequency of the vertical
scanning oscillator. When the control is im-
properly adjusted, the picture will generally
appear as shown in Fig. 13. The image moves
rather rapidly from the bottom to the top of
the picture and several images may be seen
at the same time. To adjust the vertical hold
control, rotate the shaft or knob until the pic-
ture moves slowly upwards, and finally stops.

Fig. 13. Picture rolls or flops when the verti-

cal hold control is not properly adjusted.

46

Fig. 14. This bending at the top is called “pull-
ing.” Sync stability is not properly adjusted.
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CONTROL

TABLE |
LOCATION

TYPE

Channel Sefector
Fine Tuning
Volume

Tone

Contrast or Picture

Horizontal or
Horizontal Hold
Vertical or
Vertical Hold
Focus

Brightness or Brilliance

RF Oscillator Adj.

Width or
Horizontal Size

Vertical Linearity

Horizontal Linearity
Horizontal Drive

Horizontal Lock or
Horiz. Llocking Range

Horizontal Frequency

Height or Vertical Size

AGC or Range Finder
lon Trap
Pincushion Magnet

Deflection Yoke
(Tilt Correction)

Sync Stability or Noise Gate

Picture Positioning Lever
(Focus Magnet or Coil)

Front

Front

Front

Front

Front, Front (Under cover),
Rear Chassis

Front, Front

{Under cover), or Rear Chassis

Front (Under cover)
Rear Chassis
Front (Under cover)
Rear Chassis or
Tube Neck
Front, Front (Under cover),
or Rear Chassis
Front (Under tuning knobs)
Rear Chassis

Front (Under cover),
or Rear Chassis

Rear Chassis

Rear Chassis

Rear Chassis

Rear Chassis
Rear Chassis
Rear Chassis
Rear Chassis

Tube Neck
Tube Neck

Tube Neck
Tube Neck

Electrical, Knob
Electrical, Knob
Electrical, Knob
Electrical, Knob
Electrical, Knob or Shaft

Electrical, Knob or Shaft
Electrical, Knob or Shaft

Electrical, Knob or Shaft
Mechanical

Focus Coil or Magne?
Electrical, Knob or Shaft

Electrical, Slug
Electrical, Lever
Electrical, Slug
Electrical, Shaft

Electrical, Slug or Lever

Electrical, Shaft or
Capacitor

Electrical, Capacitor

Electrical, Slug

Electrical, Shaft

Electrical, Shaft or Knob

Electrical Shaft, Knob,
or Switch

Mechanical

Mechanical

Mechanical
Mechanical

Fig. 15. The width of this picture
stricted. Check tubes if controls do not correct it.
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is con- Fig. 16. Excessive drive couses white overdrive

line to appear. To correct, back off the control.
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Improper adjustment of height or
vertical size control causes vertical shrinking.

Fig. 17.

= IneYion

Fig. 18. If horizontal centering control is not
set properly, picture will move off the screen.

REV g

2

Fig. 19. Vertical centering control misadjust-
ed. Yoke adjustments can often pull into line.
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Sync Stability Control. Fig. 14 shows the
effect on the picture of improper adjustment
of the sync stability control. Note the bend-
ing of the image in the top of the pattern. This
control adjusts a noise rejection circuit so that
noise in the picture signal will not upset the
sync. To properly adjust the sync stability
control, observe the picture on the strongest
local station with the AGC control properly
set, and rotate the sync stability control
counterclockwise until the picture bends at
the top. Then back off the adjustment until
the bending stops. The control is now properly
set,

Dimensions of the Picture. Controls are
provided to adjust the picture to fit the view-
ing mask. These adjustments should be made
with the set in the cabinet so that the picture
fits the mask rather than the picture tube.

Width (horizontal size and drive) Control.
In many instances there are two controls for
adjusting the correct width of the picture.
These are the width and horizontal drive con-
trols. If the picture is too wide or too nar-
row, first adjust the width control until the
picture approaches as near as possible the
correct width. (Fig. 15 shows a picture that is
too narrow.) Then adjust the drive control
until the picture fits the mask. If the drive
control is incorrectly adjusted to give exces-
sive drive, a vertical white line (overdrive
line) will appear on the screen. Fig. 16 shows
the effects of excessive drive on the picture.

Height (or vertical size) Control. Fig. 17
shows the effect on the picture of an incorrect
adjustment of the vertical size or height con-
trol. In this illustration the picture is too
narrow from top to bottom, but symmetrical
with respect to the center of the picture.
Often the picture may be too high and off
center. In such instances it is necessary to
adjust both the vertical size and vertical
linearity controls at the same time.

Horizontal Centering Control. The effects
of misadjustment of the horizontal centering
control on the picture may be seen in Fig. 18.
To center the picture horizontally, move the
metal rings on the yoke cover (see Fig. 4)
until the picture assumes the desired position.

Vertical Centering Control. This control is
accomplished in a similar manner to hori-
zontal centering. Actually it is necessary to
adjust for both vertical and horizontal center-
ing at the same time. Fig. 19 shows a picture
with the vertical centering control out of
adjustment.

Circuits Which Determine Shape of Pic-
ture. The horizontal and vertical linearity
controls provide a means for adjusting the
shape of the picture.

Horizontal Linearity Control. The horizon-
tal linearity control may be adjusted to
change the horizontal radius of the picture

(Continued on page 97)
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Rear of color TV reveals chossis similar to that
of B&W. However, color TV's are more complex.
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No color TV can come through on
all its promises unless each and
every control is at its optimum
setting / By LEN BUCKWALTER

Anyone who has switched from black-
and-white TV to color viewing makes
a disturbing discovery. No longer do little
picture distortions—out-of-round circles or
misshappen figures—sink into the back-
ground. Color permits less of a compromise.
Misadjustments may spring out at the viewer
to clutter the picture with a spectrum of
colorful smears, nightmarish tints and ghoul-
ish hues. We don't mean “fault”-type prob-
lems—outright failure of tubes, parts or an-
tenna. These need servicing. Rather, it is the
slow drifting that comes with time, or the
intrusion of other factors which affect per-
formance of an otherwise trouble-free set.
The manufacturer anticipates such problems
with a whole series of adjustments for cor-
recting such error. Not just the user knobs
on the front panel, but a complement of in-
back controls that need an occasional touch-
ing up. They keep colors clean and the mono-
chrome picture truly black and white.
Besides long-term drift, another significant
force is at work. It is the stray magnetic field.
So sensitive is the color receiver to magnetic
forces that just moving the set around the
room could deteriorate color, not to mention
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going from room to room or house to house.
Even the earth’s weak magnetic field has
been singled out as a disruptive influence.
Stray magnetism and inevitable drift, how-
ever, are readily corrected in the steps to
follow,

It's probably occurred to some viewers
that symptoms of misadjustment may really
be signs of deeper trouble. In many instances
this is true. But until you've developed a
sharp eye for these differences, there's the
trusty trial-and-error approach to provide the
answer; if routine adjustments to be de-
scribed won’t restore performance, chances
are the circuits need servicing. Adjustments
can be performed without major chassis re-
moval, often requiring little more than re-
moving the back cover.

How difficult? It follows the old law: the
beginner flounders around at first, the ex-
perienced adjuster breezes through the job
in mere minutes. So don’t expect push-button
precision at first. It takes a little time to get
the feel and effect of the various controls.
One thing in your favor; the set, though un-
comfortable to view, may be just slightly out
of adjustment. This means you can avoid
time-consuming confusion by not moving
any controls more than just a slight amount
while observing the desired result. And don’t
despair over two tactors peculiar to color
TV: (1) you rarely set a control once and
leave it there. Interaction is the rule, so be
prepared for much repetition and (2) aim-
ing for utter perfection is not only impossible
but often a waste of time. Color TV is still
a miracle despite traces of color error, espe-
cially at screen edges, or some color fringing
around some objects in the black-and-white
program. The adjuster tends to see the screen
with a far more critical eye than when he
sits five or more feet away as a program
viewer,

Required Equipment. Unlike the simpler
black-and-white receiver, which usually can
be adjusted by eye, the color set needs at
least one test instrument. It's the color gen-
erator, a device which dispiays on the screen
a pattern of dots, bars and other images
which serve as a reference. Without such
a unit, the adjustment job becomes hope-
lessly complex. At least one kit manufac-
turer markets a suitable generator in kit

form for approximately $65. Commercially
wired units begin at higher prices. Clipped
to the antenna terminals of the TV receiver,
the generator “transmits” the desired pat-
tern selected by a knob on the front panel.
Not only is the device needed for critical
color adjustments but also serves for lining
up certain black-and-white adjustments.
Next piece of equipment is the degaussing
coil, the unit which demagnetizes stray pick-
up by the picture tube. Although such units
are available, one may be inexpensively as-
sembled by following the illustration in Fig.
I. You'll need about four pounds of No. 20
enamel-covered (“magnet”) wire. This is
wound around some temporary form of 12-

WRAP

ENTIRE
COILWITH
BLACK ————
PLASTIC TAPE

INSULATE BARE,
SOLDERED CONNECTIONS

TO 117 VAC+

(s

Fig. 1. For color TV receivers without automatic
degaussing, a simple degaussing coilis needed.

AC LINE CORD,
APPROX. 10

inch diameter for 400 turns. After removal
from the form, the coil is held together by
a wrapping of black plastic tape. A long AC
cord (with plug) is attached to the two free
ends of the coil.

A handy accessory during adjustments is
a mirror. It’'s awkward, if not impossible, to
get a good view of the entire screen while
manipulating certain controls from the rear
of the set. The mirror skould be large enough
to give a total view of the screen when placed
in front of the set. A chair provides a good
support of approximately correct height.
(Two additional items, “cheater” cord and
hex tool, are described later.)

Finally, the set's service manual should be
on hand. Now that numerous TV makers
have entered the color field, there are apt to
be variations in location and set-up of con-
trols from one set to the next. The step-by-
step discussion to follow applies generally,
but the manufacturer’s special comments
should also be checked.
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Major Steps. Adjusting the color set re-
quires no grasp of complex theory, but a
quick preview of major steps (see Fig. 2)
and why each is performed could prove
helpful. The job begins with:

@CONVENTIONAL ADJUSTMENTS
(PICTURE HEIGHT, WIDTH,ETC..

CONVERGENCE
~ {CAUSES BEAMS
TO CROSS OVER
CORRECTLY)

ELECTRON GUNS

@DEGAUSSING

~ (ELIMINATES
TUBE

MAGNETISM)

==

@TRACKWG
(KEEPS BEAMS IN
CORRECT RELATIVE
STRENGTH)

COLOR PICTURE TUBE

@PURITY

(KEEPS
BEAMS ON
CORRECT
SCREEN DOTS)

Fig. 2. The five major steps to accomplish in
adjusting color TV for optimum performance.

1. Conventional Adjustments. These
are the familiar controls found on all TV
receivers, monochrome or color. They in-
clude height, width, focus and linearity (see
Fig. 3). Unless preset for proper perform-
ance, adjustments which control color will
be seriously affected. Even setting of hori-
zontal and vertical hold controls should be
done with care. Misadjustment of horizontal
hold can cause fanning out at the top of the
picture, while a vertical hold set improperly
may produce slanting, retrace lines. (A suit-
able crosshatch pattern from the color gen-
erator can serve as a guide for these initial
picture adjustments.)

2. Degaussing. This is the demagnetiz-
ing step mentioned earlier. It cancels out
magnetism picked up by the metal shell of
the picture tube and surrounding parts. The
operating principle of the degaussing coil is
similar to that of an erase head in a tape
recorder: by applying a rapidly changing
magnetic field (provided by 60-cycle house
current), the magnetized object is returned
to a neutral state. (Degaussing will not be
required for the newly-announced receivers
by RCA; it’s done automatically by an inter-
nal circuit.)

3. Purity. If the color set cannot produce
single, pure colors, it cannot be expected to
properly render thousands of color mixtures
required during a color program. This in-
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troduces purity—first major color adjust-
ment. Done in two steps, it lines up three
beams from the electron gun in the neck
of the tube so they fall precisely on their
respective screen color dots—red, blue and
green. Actually, purity is accomplished by
using the red beam only. The other two col-
ors will automatically fall into place.

4. Convergence. Not only do the three
beams have to center properly on the screen,
they must also come to a point just before
reaching their corresponding screen dots.
The beams are magnetically squeezed to-
gether (converged), and form a point just
before striking the screen. Travelling a slight
distance further, they cross over, fan out
slightly, then strike their corresponding dots.
To achieve this focusing effect for the entire
screen surface, convergence is done in two
steps. The first sharpens the image at screen
center, the second corrects the problem of
variable distance between guns and screen.
(The beams must travel farther to hit the
edges of the screen.)

5. Tracking. Although the receiver is de-
signed for color reception, its black-and-
white performance is still critical. This final
adjustment keeps color out of the mono-
chrome image. Since the black-and-white
picture is created by mixing red, blue and
green in a fixed amount, any upset intro-

Fig. 3. All conventional controis—hold, width,
linearity, etc. must be carefully adjusted first.
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duces undesired color tinting. This is cor-
rected by adjusting the beam strength of
each electron gun for the proper gray shad-
ing.

Preliminory Set-Up. Decide now where
the set is to be located in the room for nor-
mal viewing—and leave it there throughout
the whole course of acjustments. Some of
your work will be undone if the cabinet is
moved to a convenient area for better access,
then returned to its permanent place. Plumb-
ing pipes, air vents or other masses of metal
unpredictably warp the surrounding mag-
netic fields which influence purity and con-
vergence.

Room lighting is another factor which
may be considered. Is the set to be viewed
as daylight enters the room, or under artifi-
cial illumination? Photo fans will see the
analogy; outdoor color film is balanced
against the blueness of natural light, while
the indoor film type takes into account the
yellowish hues of artificial light. In adjust-
ing the color set, these lighting factors affect
the outcome. A set adjusted during the day
for a good black-and-wkite picture, for ex-
ample, can assume a hue of color under
lamplight. Adjustments, if possible, should
be made under normal viewing conditions.
Since most viewing is ordinarily done in the
evening, it’s helpful to adjust at that time or
draw the shades and exclude natural light.

Other preparations. Turn on both set
and test generator in advance. Both units
should be allowed about 20 minutes to warm
up and stabilize at operating temperature.
Also, the back cover of the sct is removed.
There is some variation in interlocks here,
devices which automaticzlly kill dangerous
voltages when the cover is removed. This
safeguard is designed to protect against ac-
cidental shock. During adjustments, how-
ever, the set must be fully powercd with the
cover off. This usually requires the use of
a special “cheater” cord to defeat the inter-
lock. A suitable one for the particular set
should be obtained, if necessary.

The matter of safety is even more critical
for color than in the conventional black-and-
white receiver. Voltages in color circuits
run up to some 24,000 volts. While none of
the adjustment points bear voltage, care
should be exercised to aveid any accidental

contact with nearby. exposed parts. There is
no need to open the high-voltage cage or re-
move the cap plugged into the picture tube.

Some sets have removable top or side pan-
els for access to certain internal controls.
Others may have a springy wire which shorts
the high voltage when the back cover is re-
moved. These and other variations should
be checked in the manufacturer’s literature.
Let’s consider now, step-by-step, the various
color adjustments. It’s assumed that the con-
ventional black-and-white settings (width,
height, etc.) have been properly set.

Degaussing. (In this first step the receiver
may be warming up, but it does not matter
if the set is off during degaussing.) Degauss-
ing is a simple procedure but one that re-
quires careful technique. Don’t be surprised
if the coil warms up after plugging it into
house current. It is designed solely to be
powered for the short time required for the
job. (Some sets may have “rim” or “field-
neutralizing” magnets. If so, they must be
retracted before turning on the degaussing
coil.)

Fig. 4. Degaussing rids picture tube and other
parts of stray magnetism that affects color.

As shown in Fig. 4, the coil is held with
its flat side about an inch from the screen,
Move it in circles over the whole area of the
screen’s face-plate and overlap into the bor-
dering mask area to rid that region of pos-
sible magnetism. This part of the operation
is done for about a minute. Now slowly back
away with the coil, holding it in the same
parallel position as before. When you've
reached a distance of about six feet, turn
the coil at right angles to the screen (nar-
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row side points toward set). Now it’s safe
to pull the plug out of the wall. Another
precaution: don’t use a plug that is loose in
the wall socket. Any make-break in AC
power during degaussing can remagnetize
the tube.

STATIC (DC)
CONVERGENCE

BLUE
LATERAL
MAGNET

\L

Fig. 5. Purity and static convergence adjust-
ments are made on picture tube behind yoke.

Purity. This 2-step job (Fig. 5) begins by
eliminating any possible source of interfer-
ence on the screen, done simply by remov-
ing one of the receiver’s LF. tubes, or un-
plugging the LF. cable running from tuner
to chassis. (Don’t forget to replace these
after purity adjustments are completed.)
Next is completely disabling blue and green
electron guns in the picture tube. Only red

Fig. 6. Before making purity adjustments, dis-
able blue, green guns by method set provides.

SPRING-SUMMER, 1967

will operate at this time. In the recent re-
ceiver illustrated in Fig. 6, note that blue and
green guns are deactivated by removing two
clip leads from a terminal strip. For other
sets, a small commercial adapter is plugged
into the picture-tube base. It has switches
for disabling desired guns. (Such adaptors
are often provided with the color dot-bar
generator.) Some manufacturers specify clip
leads for shortening out the guns.

Turn the set’s contrast control fully off,
brightness control to about halfway. The
screen should now be essentially red. Locate
the movable tabs (see Fig. 7) on the purity

Fig. 7. The red area on the screen is moved to
the center using the tabs on the purity rings.

rings and make the red color move to the
center area of the screen. Some back-and-
forth adjusting might be necessary. Not only
should the red area predominate at the cen-
ter, but its color be as uniform as possible.
Step 2 in the purity adjustment is sliding the
yoke back and forth to cause the red area
to fill the entire screen (see Figs. 8 and 9).
(There’s a screw clamp to loosen the yoke.)
Note that the yoke does not nudge up against
the bell-shape rear of the picture tube as in

(1)BRING RED AREA TO

CENTER OF SCREEN
WITH PURITY-RING
ADJUSTMENT

FILL COMPLETE
SCREEN WITH RED
BY SHIFTING YOKE
POSITION ON
TUBE NECK

SCREEN

Fig. 8. The red area of the TV screen has to be
centered and then expanded to fill the screen.

s
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Fig. 9. Shifting the yoke along the tube axis
causes a beam deflection that covers screen.

black-and-white sets. There is some play to
permit purity adjustments.

The result of these stzps should be uni-
form, uncontaminated red that slightly ex-
tends beyond (overscans) the borders of the
picture-tube mask. In scme sets, rim mag-
nets around front the edges of the picture
tube are adjusted for correcting color impur-
ity existing out at the edges of the screen.

Convergence. For this step, the color
generator is clipped to the antenna terminals
in the set-up illustrated in Figs. 10 and 11.
(Be sure the LF. tube or plug removed
carlier is back in place.)

The aim of convergence is a series of
adjustments to produce pure white dots
throughout the complete screen (see Fig.
12). Done in two major steps, static (or

Fig. 10. The color generator output is coupled
to the television receiver's antenna terminals.

Hoadhhih COLOK 4Rn s 00T 5e

Fig. 11. Color generator is tuned to frequency
of an empty channel and set to generate dots.

DC), and dynamic convergence, it should be
possible to apply the right amount of cor-
rection. Begin with static convergence, done
with three movable magnets (see Fig. 13)
which can be slid in and out of their holders.
During this step kill the blue gun, but keep
red and green guns active. By careful oper-

Fig. 12. Dot pattern is used during most color
adjustments; is also used for conventional ones.

ation of red and green magnets it should be
possible to bring together close-spaced red
and green dots on the screen. As they merge,
they form a single yellow dot. It's especially
important that these static-convergence ad-
justments be made while viewing dots only
at the center area of the screen, as shown in
Fig. 14. Now activate the blue gun. Its
magnet is slid to cause the blue dot to over-
lap the yellow dot. An additional control—
the blue lateral magnet clipped on the tube
neck near the base—permits side motion of
the blue dot. As in other adjustments, static
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convergence requires some juggling back and
forth among controls to achieve satisfactory
results. The end product should be pure
white dots in the central screen area.

Controls for dynamic convergence, which
bring together dots lying outside screen cen-
ter, are generally mounted on a separate
“convergence board.” In many instances (see
Fig. 15) long cables to the board permit it
to be mounted conveniently on the rear top
edge of the cabinet. Note how it is tempo-
rarily fastened in place by two screws. Thus,
controls are accessible while the screen is
viewed directly (Fig. 16).

A typical convergence board layout ap-
pears in Fig. 17. The various controls are di-
vided into two major screen areas; horizon-
tal and vertical. With the color generator
producing the same dot pattern used earlier,
begin with vertical convergence, the six
knobs on the board’s left side. During these

Fig. 13. Static convergence magnets are lo-
cated in holders clamped around neck of tube.

VERTICAL CONVERGENCE
OBSERVE CENTER VERTICAL
DOTS ONLY

(IGNORE ALL
OTHER DOTS)

©oco0o0

.0008000

)

v
/
000000000 00

STATIC - o ™\
CONVERGENCE 6000000lo0000j0000000
OBSERVE CENTER \

AREA ONLY =

HORIZONTAL
CONVERGENCE

OBSERVE CENTER
HORIZONTAL DOTS ONLY

Fig. 14. In static convergence adjustments, ob-
serve only dot pattern in center area of screen.
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adjustments, it is important to view only the
middle vertical row of dots, as pictured in
Fig. 14. All others are ignored. Red-green
controls can be adjusted first, and the blue
gun turned off at this time. While watching
the vertical column of dots, carefully turn
Red Tilt, Red Amp, then Green Tilt and
Green Amp in an effort to merge red and
green dots so they form single yellow dots.
Following this, the blue gun is restored and
Blue Tilt and Blue Amp adjusted so the blue
dot overlaps the yellow dot for the desired
result; a pure white dot, more specifically, a
complete vertical row of white dots.

This process is apt to be confounding at
first due to interaction—turning of one con-
trol upsets the setting of another. And, in
fact, when upper and lower dots appear to
be perfect, center dots in the vertical row go
out of whack. This is to be expected. The
remedy is to go back and touch up the mag-
nets used earlier for static convergence to
re-align the center.

There’s another approach to dynamic con-
vergerice which might prove helpful until
more experience is gained. This is to leave
the blue gun on, then adjust red and green
controls to bring those dots into line with
blue (which serves as a reference). Also,
some technicians prefer not to use the dot
pattern at all for convergence. They switch
the generator for a crosshatch pattern (see
Fig. 18). Here, only the vertical column
or line at the center is viewed for vertical

Fig. 15. For convenience, remove the dynamic
convergence control board and secure where
accessible for your tools and for visibility.
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Fig. 16. When “board” is secured to top rear
of set, it can be adjusted while viewing screen.

VERTICAL
(TOP) (BOTTOM)

HORIZONTAL
(LEFT) (RIGHT)

‘ RED-GRN
LEFT
‘ RED-GRN
LEFT
( BLUE
LEFT

CONTROL(S) CoIL(S)

Fig. 17. The dynamic convergence board lay-
out conveniently groups horizontal and vertical
controls into logical position and color pattern.

RED
AMP

BLUE
AMP

D E)

convergence adjustments.

Horizontal convergence is next, a proce-
dure not unlike the one above, only now the
middle horizontal row of dots (or lines for
crosshatch) comes under adjustment (see
Fig. 14). There is a difference; red and
green occur fogether on each of the two left
and right controls. Thus, the red and green
color dots will move at the same time. Blue,
as shown, has its own individual controls.
Also, the extreme right-hand controls are not
usually provided with knobs, but require the
insertion of a plastic hex-type aligning tool.
After turning off the blue gun, the various
red-green controls are used to produce single
yellow dots on right and left halves of the
screen over the entire middle horizontal
row. When yellow dots are visible, activate

the blue gun and adjust the two blue con-
trols. As blue overlaps yellow the desired
white dots should appear. Those blue con-
trols only move the blue dots up and down.
For side to side motion, it is necessary to
return to the blue lateral magnet mentioned
earlier. Again, static convergence (on screen
center) may be affected by dynamic con-
vergence, so some back-and-forth adjusting
might be in order. It's a good idea, too, to
make a final check of color purity, described
in the preceding section.

Tracking. After purity and convergence
are completed, output of red, blue and green
electron guns is adjusted. This assures that
a correct proportion of primary colors will
be delivered for creatiag the black-and-white
picture. The controls are usually at the rear.

Although tracking controls may differ in
number and marking, the general idea is as
follows: First tune to an unused channel and

VERTICAL CONVERGENCE
OBSERVE CENTER VERTICAL
LINE ONLY

(IGNORE ALL
OTHER LINES)

STATIC T
CONVERGEN /

OBSERVE CENTER
AREA ONLY

HORIZONTAL

CONVERGENCE
OBSERVE CENTER HORIZONTAL

LINE ONLY

Fig. 18. Color generator can be set to give a
crosshatch pattern for convergence adjust-
ments rather than dot patterns discussed.

turn the set’s contrast and front-panel color
controls to minimum. This should fill the
screen with white light (or raster). With the
brightness control turned up (though not to
maximum) adjust red, green and blue screen
controls for best, color-free white light. If,
for example, blue is apparent, back off slight-
ly on that control.

This completes the job. How well does the
color set stay in adjustment? There is no set
period, but you can expect that, with normal
conditions, convergence remains fixed for
fairly long periods, say upwards of two years
or more. Any jostling, magnetizing or mov-
ing the set especially affects color purity. But
knowing when to repeat the job is the easiest
step of all. During day-to-day viewing, your
eye will make that decision. u
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You can determine if your TV

troubles are being caused by the
picture tube, and if they are,

You can do something about it

hOWRIG

PICTURE
TUBE
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DLAGE @

By Len Buckwalter

AN anyone change a picture tube? Not
the yank-'n-pull mechanic; he could
fudge the job. The careful worker, however,
can reap a double reward; a husky saving in
cash and the satisfaction of restoring a good-
as-new picture to an aging TV set. Success
doesn’t depend on an intimate knowledge of
electronics. There are few mysteries sur-
rounding the removal and re-installation of
the picture tube. The big factor is a healthy
respect an installer must have for the tube.
Fragile glass construction can't tolerate rough
handling. So, if you're willing to handle the
TV picture tube with loving care—avoiding

‘\
o 1
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Removing back cover of TV is first step in re-
placing picture tube. AC cord, interlocked to
back cover (lower right), comes off with it.

Carefully remove rubber anode cap plugged
into the side of the picture tube by simply
pulling or, if a clip type, by squeezing.

Short circuit the anode cap against
chassis several times to dissipate
any charges that might be present.

accidental strain, bumps or scratches—the
job shouldn’t prove too difficult.

Is the tube really at fault? This is a crucial
first question. It's a crushing experience, as
some have learned, to buy and install a pic-
ture tube—only to find the old trouble pop
up on the new screen. Some faults give the
exact same symptoms as a bad picture tube.
So pinpoint the culprit.

Complete Loss of Brightness. The pic-
ture tube needs high voltage to produce
brightness. Check for this voltage by finding
the anode cap shown in the step-by-step pho-
tos. With power turned off, unplug the cap
from the side of the tube (grasping only the
rubber part). Now tape the cap so it sits
about a quarter or half-inch away from its
socket. Move away and turn on the power.
If high voltage is present, you'll see and hear
it; a blue spark should jump the gap and pro-
duce a sputtering, crackling sound. Some
small chassis tubes which can kill high volt-
age are the horizontal oscillator, horizontal
amplifier, high-voltage rectifier or damper. A
blown high-voltage fuse is also a possibility.
These items may be identified by the diagram
pasted inside the set’s cabinet or with the aid
of a schematic. If these stages are causing
high-voltage trouble, a new picture tube
won’t work.

Gradual Loss of Brightness. If this oc-
curs over a long period, it’s a good sign of a
failing picture tube. You can milk additional
months of service with a booster, but this is
only a delaying action. Another possibility
is the build-up of dirt on the screen (high
voltage attracts dust like a magnet). In some
sets, it can be cleaned from the front of the
set if the manufacturer has provided a re-




movable safety glass. Otherwise, the tube
must be removed to gain access to the screen
surface. (If you have a late-model set with a
bonded safety glass, usually stated in the
advertising literature, dirt can’t accumulate
inside.) In any case, a good cleaning of the
screen surface in older sets can yield a re-
markable increase in brightness, especially if
there’s more than one year’s accumulation.

The darkening screen, however, which in-
evitably occurs some two or more years after
the set is purchased, spells decreasing emis-
sion from the tube’s electron gun. A good
clue to this condition is the length of time it
takes for the set to warm up and produce a
usable picture. Low-emission tubes take two
or three times longer to heat than when the
set was new.

Other clues. Turning the brightness con-
trol has no effect; the picture stays bright.
This is an excellent sign of a shorted grid in
the picture tube. Such tubes deserve replace-
ment, but there are two tricks for delaying
the job. One is to purchase a special picture-
tube booster which also can isolate the short-
ed grid. (It works only in some cases.) The
other is a hit-or-miss method which might
produce results, for a while anyway. Very
gently tap the neck of the tube with the end
of a pencil. This could dislodge the shorted
element and unshort it.

Another valuable sign of a bad picture
tube occurs when the picture goes negative;
that is, blacks reverse to whites. This is
caused by air seepage into the tube, molecule
by molecule, over a long period of time. Such
“gassy” tubes should be replaced. One mis-
leading symptom is picture “blooming.” As
the brightness control is turned up to a nor-

Short circuit voltage stored in picture

tube by touching insulated screw-
driver to anode and chassis a few times.
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mal position, the whole image expands like
an inflated balloon. Image brightness dims
as the picture grows in size. This is not caused
by a bad picture tube. In nearly every case
the reason is a bad high voltage rectifier, a
small tube which is unable to keep high volt-
age up as electron-beam current rises to cre-
ate more brightness.

Filament. Many people will tolerate a
dimming image as the picture tube ages, but
few will accept the condition which causes
most outright failures. It is the burned-out
filament. Investigating a dead filament should
begin at the picture-tube neck. With the
power on, a dull orange glow should be seen
near the end of the neck, next to the socket.
One exception may occur in the scries-fila-
ment set, one without a power transformer.
A burned-out filament in any of several small
tubes could also cause the picture-tube fila-
ment to darken. Thus, dark or cold tubes in
the series set must be checked individually
before assuming that the trouble lies in the
picture tube filament.

Occasionally, a picture-tube filament
grows dark due to a mechanical fault in the
socket, usually a loss of tension in the spring
clips which grasp the tube pins. This may be
detected by applying gently pressure to the
socket, in all directions, and observing if the
tube filament lights during any of these move-
ments. If so, a new socket can be wired into
place.

The professional installer usually makes
a direct measurement of the filament to veri-
fy failure. One method is with an ohmme-
ter touched to the picture tube pins (after
the socket is removed). An unbroken fila-
ment reads a few ohms resistance. Most tubes

Now remove the picture tube socket from the
tube pins at the base of the neck. A slight
rocking action will probably be necessary.
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First loosen wing nut, then slide off yoke
clamp. (In many sets this will be ion-trap
magnet held by a spring around tube neck.)

use one of the following filament-pin combi-
nations: 1-8; 1-12; 3-4; or 4-5.

After you've determined that the picture
tube is bad, the next consideration is the type
of replacement to purchase. Unless you have
a private pipeline to one of the big producers,
you cannot get a new TV picture tube. All
TV replacement tubes are rebuilt. This may
imply a compromise in quality. Not so in

Slide off yoke and centering magnet assembly
(usually in one piece). If a yoke clamp isn't
used, loosen the wing nut on top of the yoke.

most cases. Only the glass envelope is re-
used in the rebuilt tube; screen and electron
gun are new. Yet, there is still a range in
price. If a budget-priced rebuilt is purchased,
it could run nearly half the cost of a rebuilt
from a big-name producer—GE, RCA, etc.
In this writer’s experience, the budget-price
rebuilts are economicaly attractive, but in
numerous cases have failed to maintain prop-
er emission (and therefore brightness) much
beyond the 1-year guarantee period. It could
be due to poor quality control by some small
rebuilding houses. The choice is left to the
buyer. Whatever the purchase, a replacement
containing an aluminized screen, if available
in your number, is highly recommended. The
difference in tube performance is consider-
able; light is not wasted in the rear end of the
tube, but reflected back to the viewer’s eye.
Removal. The precautions shown for
discharging high voltage retained by the tube

In this set, tube
and chassis are
removed together.
When this is the
case, make sure
the tube face isn't
held by cabinet.

Remove mounting
hardware from all
around the front &
rim of the tube.
Be sure to retain
all clamps, screws.
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If i°s necessary to remove chassis
from cabinet (see text), remove all of
the control knobs from the set first.

.

are mainly intended for protecting against
breakage. The charge is not electrically dan-
gerous. Rather, it may cause a person to
jump back or jerk his arm while holding the
tube, and thereby dropping it. Be sure to
discharge the tube repeatedly for about a
minute to get rid of the last tickle. Never
hold the tube by its neck alone. It’s the
weakest part. Neck-holding may be done for
balancing, but not for support of the tube
weight. To further increase the safety factor,
it's recommended that the installer wear a
pair of safety goggles and apron, or other
substantial piece of clothing. A fractured
tube can implode and fling dangerous glass
splinters.

Since the step-by-step photos show the
general technique for removing the picture
tube, let’s consider variations from one set
to the next. The first major consideration is
observing how the tube is mounted, for this

Chassis is usually secured to cab-
inet (shown here tilted} with bolts.
Keep cabinet level when loosening.

determines whether the chassis has to be re-
moved from the cabinet. There are two prin-
cipal systems: in the first, the tube is mounted
directly to the front panel of the cabinet, true
for many large, or 21-inch, sets; and, the sec-
ond, where the tube is fastened directly to
the chassis. (The model in the photos is of
the latter type.) The system can usually be
discovered by close observation of the tube.
Frequently, a large tube will be seen fastened
to a bracket around its forward rim. After
items on the tube neck are removed (such as
the deflection yoke) unbolting the forward
tube support frequently permits the tube to
be withdrawn while the chassis remains in
place. That is, if the chassis presents no ob-
structions. Small tubes blocking the way
may be temporarily removed, but if a trans-
former presents an obstacle, the chassis will
at least have to be pulled out part way. In
the chassis-mounted tube, both chassis and

SPRING-SUMMER, 1967

The picture tube
must be with-
drawn very care-
fully to avoid dis-
turbing the other
components on
receiver’s chassis.

Carry picture tube
by supporting all
its weight with
your hand under
screen; grasp neck
only for balance.
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Avoid scratching face of old tube by placing
on soft surface. Scratches increase danger of
implosion and could affect trade-in value.

tube emerge from the cabinet as one piece.
Generally, this type requires the removal of
screws which fasten the top rim of the tube
to the front cabinet panel.

Some Differences. The sequence of re-
moving components from around the tube
neck is subject to some variation. If the chas-
sis does not have to be removed, neck compo-
nents must be dismounted before the tube is
taken from the cabinet. In the tube-on-chas-
sis type, it is simpler to slide off the neck parts
after the chassis is out of the cabinet. The
neck components vary considerably in differ-
ent sets, but this should present little problem
as long as they are replaced according to the
original layout. The first part to be removed
is the tube socket. In many older sets it will
not easily pull off. Gently insert a screw-
driver at several points around the socket rim
and pry it away gradually. In some sets, the
next item is the ion trap. It is a small, square
magnet clipped around the tube neck and
held by a spring. (The set in the photos
uses no ion trap.) Since the trap presents
the most critical adjustment after installing
a new tube, it’s advisable to carefully note its
position on the neck of the tube. This, at
least, will provide an approximate starting
point later on. (Some ion traps have a small

While picture tube is out of cabinet, take
advantage and give safety glass a thorough
cleaning with water and a drop of detergent.

arrow, which indicates the front of the set.)

Next on the tube neck is a focus coil or
centering magnet assembly. It is unfastened
and slid off. Finally, there is the deflection
yoke which fits snugly against the flare, or
bell-shape, portion of the tube. The usual
fastening for this component is a wing nut,
which is loosened. (Through age, the yoke
may stick. Very gently work it loose.)

Installation. The new tube is inserted
and mounted in the reverse order. Again,
gentle handling is important. Just before the
tube is strapped and bolted into its mounting,
check the position of the anode socket. It
should be on the correct side of the chassis to
receive the anode cap. Also, check if the
tube sits squarely in the mount; not slightly
askew. One guide can be the marks indented
by the old tube into the rubber or other soft
material which retains the front rim of the
tube.

The neck components are installed as
closely as possible in their original locations.
These positions, however will rarely be abso-
lutely accurate, so don’t give them a final
tightening at this time. After you've checked
everything for completeness, don’t turn on
the set. The following step applies if the
tube uses an ion trap. Turn the brightness
control about half-way up. Place a mirror
in front of the set (if necessary) so the screen
can be viewed while you're at the rear of the

TV REePAIR



Before replacing the back cover, check the picture
for alignment on the screen. If it isn’t horizontal
as here, the yoke must be rotated on the tube neck.

When replacing yoke on a new tube,
make sure it seats against flare of
tube, or picture won’t fill screen.

set with one hand on the ion trap. Now have
someone turn on the power. Quickly rotate
the trap about the neck, and move it back
and forth, until brightness appears on the
screen. If two positions provide light, use the
brighter of the two. This position should be
found within a minute to prevent heavy ions
in the electron gun from bombarding the
screen and causing possible damage. Now,
move the trap slightly to find the point of
maximum brightness. (If you’re a photo
fan, you can use this trick: an exposure meter
placed in front of the screen makes the job

easier; watch pin for highest indication.)
Back in Focus. Now get a picture cn the
screen. Are its fine horizontal lines slanting?
If so, small rotation of the deflection yoke
permits correction. Just be sure that the yoke
remains snugly against the bell of the picture
- tube or the image may not fully fill the
screen. When grasping the yoke, hold only
its insulated portion. It may be difficult,
while adjusting the yoke, to check the picture
for its true horizontal position (unless words,
for example, appear on the screen). A con-
venient method is to adjust the set’s vertical
hold control so a thick black bar appears on
the middle of the screen. This serves a good
horizontal reference. Corner shadows or in-
correct picture position are corrected by mov-
ing the tabs on the centering assembly. Final-

When rotating the yoke around
the tube neck, grasp only the
insulated cover of the yoke.

i ) . To center picture on screen ad-
ly, touch up ion trap again; other adjust- jyst the two metal tabs on the
ments may have thrown it off slightly. MW  centering of magnet assembly.
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With a fan added to your
TV set, cool air can be
pushed into the front of
the set, circulated around
hot tubes, and vented out
the rear louvers and grille.

PLAN TO

BEAT
THE
HEAT

It's like the Sahara in your

TV set unless you fan it cool

By Fred Blechman, K6UGT

F you own a portable television set, you

may find the handle too hot to handle after
a few hours of continuous use. Many of the
sets on the market today are not adequately
ventilated and the heat build up inside the set
results in costly repairs end a shortened life
for your TV set. Therefore, it will be wise to

An aluminum grille panel cut to size mounts
directly over the “Whisper Fan’ input port
to prevent accidental injuries and sucking up
large particles and papers into the TV cabinet.

add an air circulating fan to the set to pro-
long its useful entertaining life.

Originally designed for hi-fi installations,
the Rotron “Whisper Fan” is engineered to
operate at an inauditle sound level (minus
18 db speech interference) while delivering
65 cubic feet of air per minute. The 434"
X 434" x 1¥2" unit draws 7 watts from the
115-volt power line. Pre-lubricated bear-
ings and relatively low speed for a fan (2000
rpm) ensure long-life operation for the fan
and the TV set. There are other fans on the
market, both new and surplus. Be very care-
ful when you buy. The fan must be able to
work off the AC power line continuously
without overheating and to operate at a very
low noise level so as not to disturb your
listening pleasure. Also, avoid fans with
brushes—they may czuse TV snow.

The fan can be installed directly over
existing vent holes without cutting any holes
as the author did. However, efficiency will
be higher if you reduce back pressure on the
fan by cutting or punching a larger hole.
Secure the fan in place and connect the fan’s
leads to the TV set’s circuitry so that it
comes on when the set is turned on. To avoid
broken or cut fingers, cut a piece of decora-
tive aluminum grille to fit over the fan’s in-
put port. The grille will keep fingers out of
harms way. The brackets, pressure-sensitive
foam pad, vibration grommets, bolts and
nuts come with the fan, however the author
found the vibration isolation unnecessary. B

TV REPAIR



Servicing 1s a snap when you...

hat makes the real difference between

a good and a poor color television re-
ceiver? No, a good picture is not the answer
as most modern color sets deliver an accept-
able color picture. The real difference be-
tween what the consumer considers a good or
bad color set is the number of service calls
required to keep it going and the charges for
those calls. Over the life of a color set, re-
pair and service call costs can exceed $200.
But, build the color set yourself and you will
save several hundred dollars in repairs plus
wind up with better color as you'll align the
color reception to what you—not a service-
man—thinks is good to look at.

No, we haven't flipped our tri-color CRT,
or our shadow mask either. If you build
Heathkit’s GR-25 Color TV Set you can do
your own servicing because, firstly, the very
process of building the kit will give you the
confidence to do your own color alignment,
and secondly, unlike other color receivers the
Heath GR-25 has its own built-in user
oriented service and alignment instructions.
Absolutely no instruments are required to
align the Heath; any test circuit you’ll need
is built into the GR-25.

For Example. Suppose a factory wired
color receiver loses the color adjustments,
or the set is moved to a new location and
requires a degaussing. Obviously, this usually
means a service call. But if you have a
GR-25 you just lean on the speaker panel
and the color dynamic convergence controls
swing down in front of the set. What hap-
pens if you need a dot generator? Simple,
you throw a switch on the back of the GR-25
and you get a dot pattern. Gun killers?—
they’re built in. As for degaussing, you do
that with the supplied degausser when you
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BUILD YOUR OWN
COLOR TV

build the kit so there's no big deal in doing
it again. An automatic CRT degausser is
built-in and works with the on-off switch.

It's Easy to Build. The actual kit construc-
tion is in a sense a minor assembly as the
major components are supplied pre-wired—
what’s left for the user is the point to point
wiring between the sub-assemblies and the
non-critical  circuitry. The combination
VHF-UHF front-end is supplied pre-wired
and pre-aligned. Similarly, the IF amplifiers
are supplied pre-wired and pre-aligned on a
printed circuit board. The user assembles
the color, sound-sync, and convergence
printed circuit boards. Wiring between the
circuits is via a factory supplied wiring
harness. Total construction time runs about
25 hours.

Color. When construction is completed
you have an operating color receiver, just
like your neighbors who have purchased
theirs. The big difference is that you are able

Perfect for custom installations, Heath color
set has VHF and UHF tuners, plus all user-op-
erated controls, located on separate chassis.
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to adjust your receiver for optimum color
reception. To assist you in color adjustment
the Heath service procedure is illustrated
with 4-color pictures that show you exactly
the results to be obtained.

Optimum color adjustment starts with the
DC convergence adjustments (static align-
ment), and Heath's service extras start here.
The static color gun adjustments snap into
the plastic yoke and they are knob controlled;
instead of pushing magnets around until the
central dots on the screen turn white you
simply rotate four knobs (two required for
blue). The color-circuit board directly above
the CRT has the dot generator on-off switch
and the three gun-killers (no need to cut into
the CRT wiring to kill any of the color guns
for adjustment).

The dynamic convergence controls are
mounted on a sub-panel behind the speaker.
When the speaker is swung forward—it is
hinged on the bottom—the dynamic con-
vergence control panel swings into the posi-
tion formerly occupied by the speaker. The
panel contains 12 controls which adjust for
convergence at the top, bottom and sides of
the CRT in both the horizontal and vertical
direction.

To correct for pincushion distortion, when
the top, bottom and sides of the picture
squeeze together on the H and V central
axis, there is a user adjusted pincushion
control that is used in conjunction with the
dot generator. The controls are common to
all rectangular CRT color TV receivers.

Final adjustment consists of adjusting the
standard front panel TINT and COLOR
controls, and the color burst phase trans-
former for normal flesh tones. A switch to
a black and white picture indicates if the
color-killer control needs adjustment—as
evidenced by colored confetti flashing in the
picture.

And that’s it. As you can see, not only
are the GR-25's adjustments specifically
oriented towards the non-technical construc-
tor, but the builder, even without a technical
background becomes familiar with color set
adjustments and can routinely tackle color
circuit re-alignment any time he is not satis-
fied with the color reception. At no time is it
necessary for the builder to make a technical
decision as far as color alignment is con-

cerned; the built-in dot generator takes care
of the technical requirements and the user
makes simple mechanical adjustments whose
effects can be seen directly on the CRT.
Service. Of course, it is possible for a
breakdown to occur, but 99% of possible
breakdowns can be handled by the builder—

Bigger yoke, more controls are earmarks of
any color set. But since you put set together,
you should understand it from the inside out.

thanks in large measure to a very thorough
service manual that indicates possible defects
in 4-color photographs. In addition, there
are two signal flow diagrams; the first show-
ing the signal flow through individual cir-
cuits and the second indicating graphically
the tubes, coils and transformers through
which the individual signals pass.

We have concentrated on the service as-
pects of the Heath rectangular-CRT color
receiver because color TV has meant a re-
turn to the service conditions of 1946-1947,
when virtually everyone purchased a black-
&-white receiver with a service contract cost-
ing in excess of $40. Whereas black-&-white
TV has been improved to the point where
many consumers can service their own set
(it's generally a tube change), just a tube
change or a minor component change can
mean complete servicing for a color receiver.
Therefore, the user who can service and ad-
just his own color recetver saves considerable
monies over the life of the set as well as
always enjoying excellent color reception.
For further information on the Heathkit
GR-25 Color TV Set write to Heath Co.,
Dept. EB, Benton Harbor, Michigan. L

TV REPAIR



SR N NG NN

!
F R E E | B
ADDRESS

o

(/// /S S S S/

ALLIED 1967 CATALOE

CHOOSE FROM THE WORLD'S LARGEST
SELECTION IN ELECTRONICS . . . AND SAVE!

Buy from the world's largest electronics supplier. Use
the Allied Credit Fund Plan to enjoy what you want
NOW —no money down, 24 months to pay.

OMM“ A RUSH THIS CARD NOW!
knight-Kit &

CATALOG
OIS

NEW 514-PAGE

/MLIED CATALOE

‘0l

TOP SAVINGS ON THE BEST IN
ELECTRONICS FOR EVERYONE . .

86€vY X049 'O 'd

olavy aainiv

® Famous Knight-Kits ® Stereo Hi-Fi ® Tape
Recorders & Tape ® CB 2-Way Gear ®* Walkie-
talkies ® FM-AM & AM Radios ® Short Wave
Radios ® Portable TV ® Intercoms & P.A.
Phonographs, Accessories ® Amateur Gear
Automotive Electronics ® Test Instruments
TV Antennas & Tubes ® Power Tools ¢ Parts
Hardware ® Transistors ® Batteries ® Books

08909 SIONIT1 ‘O9DVIIHD

NO MONEY DOWN—24 MONTHS TO PAY!
Low Monthly Payments to fit your budget.




L LS L L LSS

ALLIED RADIO
P. O. BOX 4398
CHICAGO, ILLINOIS 60680

TO

NAME—PLEASE PRINT

ADDRESS

ciry

STATE 52C r{ld

CHOOSE FROM THE WORLD'S LARGEST
SELECTION IN ELECTRONICS . . . AND SAVE!
Buy from the world's largest electionics supplier. Use
the Allied Credit Fund Plan to enjoy what you want
NOW —no money down, 24 months to pay.

RUSH THIS CARD NOW!

RUSH

THIS CARD

NEW 1967

ALLIED
LaraLoe

514 pages! See everything
new in electronics...
featured first at Allied,
the world’s largest
electronics headquarters!

Knight-Kit® Deluxe Stereo
FM-AM Tuner. Easy-to-build
solid-state design.

”6“"/ for the ham operator

Knight-Kit® &.Meter Amateur
Transceiver with universal
solid-state power supply.

N&a// for the CB user

KNIGHT® 2.Way Radio. Com-
pact sotid-state design ot
amazingly low costl

N&a// far the serviceman

Knight-Kit® Portable Solid-
State Color/Bor Pattern Gen-
erator. A top valuel

Na‘l/ for everyone

Ampex 6200 HVR Home
Videotape Recorder. Make
videotapes at homel

Decs

N&u}/ for TV ond FM owners

ST

=

k/ - ~] Antenna and
/ﬁh Rotor Systems
o for color and
— ﬁm\ﬁ black-and-

white TV | .|

FM, tool

hundreds more new and exclusive items,
and scores of special Allied volues!

NO MONEY DOWN!

Enjoy the things you want now, while you take 24
months to pay for them on the Allied eosy-on-the-

budget Credit Fund Plan.

ALLIED RADIO

P.O. BOX 4398
CHICAGO, ILLINOIS 60680

DO A FRIEND A FAVOR —give him this card to send
for his FREE ALLIED CATALOG



@ To borrow a phrase from one old-time
technician: “I'd rather fix a dead FM tuner
than one that plays a little bit.” It makes
sense. Most inoperative sets have just one
bad part. But a circuit that just won’t sound
right can make a repairman wish he’d stuck
to plumbing. That kind of trouble can be
general debility—not one bad part, but an
adding up of many minor defects. If your
tuner is more than three or four years old,
chances are it’'s beginning to develop the
symptoms. And you may not even hear it.
The process is so slow that loss of quality
is not immediately apparent. That is, until
you go to a hi-fi show or dealer and hear
once again what quality FM can really
sound like.

Since the problem is a general one, the
solution, too, is general. The tuner is prob-
ably ready for a good going-over. Some
parts, in fact, can be renewed even when they
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seem trouble-free. Take the case of an aging
RF amplifier.

Vacuum Tubes. Most of the tuner’s sen-
sitivity—the ability to amplify a signal and
not the noise—is determined in the front-end
section. The big burden falls on the RF
amplifier tube. When it zges, noise usually
begins to creep up. Weaker stations are not
received as well as when the tuner was new.
And to compound the problem, such tubes
usually check OK on a tube tester. So to
head off problems in the front end, it’s a
good idea to replace the RF amplifier tube
at least every two years, even though it seems
to perform satisfactorily.

Another touchy tube also occurs in the
front end. It’s the local oscillator. One clue
to a declining tube in this section is drift;
the tuner requires returning one or more
times after it’s turned on. This could be
caused by shifting element spacing within
the tube and consequent changes in oscillator
frequency. A fresh tube can eliminate this
annoying inconvenience.

Other tubes in the FM tuner tend to be less
critical since they handle lower frequencies.
Yet they have their share of troubles. Con-
sider IF tubes in the intermediate-frequency
amplifier. They are especially subject to
microphonics, a condition where loose tube
elements vibrate and intrcduce false signals.
You can check this by tapping the tube with
an eraser and listening for a ringing sound in
the loudspeaker. Another tube difficulty is a
high-resistance short which develops between
elements; this may not actually disable the
tuner, but it may be troublesome enough to
introduce hum or distortion.

These tube troubles may not show up on a
tube checker—especially the corner drug-
store type. Unless you have access to a high-
quality checker (transconductance type) the
most effective method is tube substitution.
With a set of new tubes on hand, it is a
simple matter to check each major stage in
the receiver. Note carefully the difference
in performance as each tube is replaced.
You may detect small changes in hum level,
hiss or sound quality. Vacuum tubes are
responsible for more than about 80 percent
of all tuner trouble.

Mechanical. The tuner, essentially an elec-
tronic device, is also mechanical. Whenever

Always check out vacuum tubes before doing anything
else. About 80-percent of tuner troubles can be attrib-
uted to vacuum tubes. As mentioned in text, vacuum tube
trouble in the different stagas is indicated by specific
“pin-pointing” symptoms in quality of audio performance.

loose elements in o tube cause microphonics, very odd

. sounds that make your rig scund as though you're tuned

fo o concert of electronic music when you top the faulty
tube sharply with the eraser at the end of your pencil.

If you don't have an omplifier and speaker handy on
your workbench, just hook up o headphone set in the
audio output jack to monitor the output audio signal.

TV REerAIR



You'll wonder where the electrical leakage went when
you brush the tops and bottoms of your tube sockets
with o commercially available tuner cleaner. Remember to
clean that smudged tuning dial glass while tuner's apart

Spray tuner cleaner into switches and controls to renew
surfaces and re-establish contact. Don't forget the tuning
capacitor; very often movable plotes lose contact to
ground because of dirt, which results in erratic perform.
ance as you tune across dial. Remember, neatness counts.

The job of replacing burned out dial illuminating lamps
often prompts you to performing a complete overhaul.
of your tuner. Don't forget those lamps; it's easy to get
carried away peaking up the low output of your tuner.
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the two are mixed there’s bound fo be trou-
ble. Mechanical failure produces scratching
noise while changing stations, sizzling sounds
when the volume control is adjusted . . . or
strange cases of intermittent signals due to
defective audio plugs and sockets. Here’s a
case history of what to expect from a tuner
that’s getting on in years.

One of the tuners shown in the photos
developed a classic symptem: several sta-
tions could be tuned in smoothly, some sig-
nals seemed to pop into place, others just
couldn’t be latched in. A sputtering sound
in the loudspeaker made the rig sound like
it had sawdust in its transmission. Since this
mainly happened as the tuning dial was ro-
tated, it looked like a case of poor grounds
in the tuning capacitor. If you closely
examine a variable capacitor you'll see sev-
eral pieces of springy brass (yellowish in
color) soldered to the capacitor frame.
They also push against the turning shaft of
the capacitor. This insures that the moving
plates of the capacitor are always firmly
grounded. But spring action may wane, or
dirt may work itself in. It sets up an elec-
trical racket and tuning becomes tricky.

The remedy isn’t difficult. Use a cleaner-
lubricant (such as GC’s Lube-Rex) and in-
troduce a small amount into the various
mating surfaces between the brass springs
and shaft. Let it work in by rotating the
tuning dial several times over its complete
range. The result can be surprising, like-new
smoothness in tuning. Some tuners, inci-
dently, shield the tuning capacitor with a
metal can. This is usually removable by a
few screws. Just be careful not to bump the
capacitor plates when working in this area.

Another candidate for cleanup is the
volume control found on most tuners. After
a few years, dirt enters and causes sizzling
noise when the control is turned. It can
cause some strange effects, too. Old volume
controls have been known to change sound
level as someone walks across the room.
They can also cause hum. These effects
usually occur as the sliding element within
the control loses some tension or fails to
make good contact. These troubles are
almost always cured by squirting some
cleaner spray into a hole on the body of
the control or in the opening around the
soldef lugs. With these steps completed—
all controls cleaned and lubricated—con-
sider the next major step.

Visual Inspection. Peer into the wiring
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under the tuner chassis and you may spot
trouble, even with no othzr test instruments
than your eye and nose. Use a bright light
source, like a lamp next to the chassis. Ex-
amine all capacitors. Several might appear
to be damaged; with large blobs of matter
oozing from their insides. Don’t be deceived
by this symptom and automatically replace
these parts. If the leaking material is ordi-
nary wax, it is normal for this material to sag
due to heat developed during tuner opera-
tion. The function of wax is to seal the
capacitor against moisture. But despite some
flow, there is no serious problem. Usually
these capacitors are tubtlar or paper type

When visually checking the tuner chassis, inspect the
lugs around the electrolytic copacitor for a powdery
substance which collects if the capacitor has been leak-
ing. Check a suspect electrolytic capacitor with vacuum
tube voltmeter for correct voltage. Also, listen for hum.
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If your FM tuner was built.from a kit, you have important
alignment information in your booklet; otherwise get
service literature such as Photofact folder shown here.

Your tuner voltage, resistarce, and alignment measure-
ments should be taken with a vacuum tube voltmeter. The
VTVM shown here was built from a kit available from Eico.
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On most tuners the IF alignment is made from the tops of
the IF cans, but on some tuners, such as the one shown
here, alignment is made through the access holes in the
bottom plate. If hole identification marks are beginning
to fade, retouch with locquer—add labels if needed.

and may be left alone; the excess wax won’t
short-circuit other parts.

But if you're looking at a large electros
lytic capacitor, especially the type mounted
in a metal can, leakage could be a sign of
trouble. Here the material pushed out of the
capacitor appears powdery and collects
around the solder lugs. Whether the ca-
pacitor needs replacement must be deter-
mined by checks described later. But if
you’re a purist—the kind who wants quality
at any price—you can install a new electro-
Iytic, say every three years. After tubes,
these components tend to be the most can-
tankerous. In the aging process, their filter-
ing action may drop somewhat and introduce
increasing hum. Also they can cause motor-
boating; a slow kind of oscillation which
produces a put-put sound, especially when
the bass control is turned full on. Another

DETECTOR
IF TRANS.

Drawing 1. The schematic diagram
of a typical limiter-discriminator

shows the alignment points at which

voltage measurements are taken {left)
VTVM makes IF alignment measurements

WK

RATIO
DETECTOR

11
+1l

Drowing 2. The detector olignmenf> !
points are given on this schematic
diagrom of a ratio detector (right).

r
I
1
1
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| DO I,

All
detector transformer are tuned for

IF transformers except top of

a maximum negative DC at point A,

Front end alignment ot RF amplifier, mixer and local
oscillator is not normally required, but when necessary,
it's almost a must to have an RF signal generator on hand.
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Fragile transformer cores should be adjusted only with
the proper alignment tool; it is designed to fit the core
perfectly. Use of a screwdriver moy cause damage.
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problem of old electrolytics: their internal
resistance may drop and impose a drain on
the power supply, thereby lowering the B+
voltage supply to the rest of the tubes’ plate
circuits.

Your eye, with an assist from the nose,
can spot charred or blackened components,
usually resistors which have become over-
heated. Again don’t be misled by the first
glance. Underchassis parts frequently be-
come blackened due to air currents set up
by the hot tubes. As air is drawn into the
chassis, air-borne grease and dust ride in too
and coat the components. So before chang-
ing any blackened component, first wipe it
off with a cloth. If the material is actually
charred and flakes off, it requires replace-
ment.

Circuit Checks. To continue the reviving
process in an FM tuner more than human
senses is needed. Required is a vacuum-tube
voltmeter (VIVM). With this instrument,
it is possible to run a fast check of all key
test points in the circuit. This is a revealing
step. You may run into circuit values which
are completely wrong—but fail to produce a
dead tuner. Rather, they rob the circuit of
full performance capability. The few min-
utes spent making these measurements are
well worth it.

Virtually no significant meter readings
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GC Electronics’ Lube-Rex is a specially formulated elec-
tronic contact lubricant that is being used here to re-es-
tablish contact between capacitor plates and ground.

can be taken without good service informa-
tion. If yours is a kit-type tuner, chances
are that such data is provided in the instruc-
tion manual. Some factory-wired tuners
come with an operator’s manual which may
also contain technical information. Another
pessibility is writing to the manufacturer for
the tuner’s service manual. Finally, you can
choose the route taken by a large number
of servicemen; purchasing service literature
designed for troubleshooting the particular
tuner model. Such information, for example,
is offered in Photofact folders, which provide
a great amount of detail; parts identification,
circuit values and alignment information.
They are available through mail-order cata-
logs or at local electrcnic distributors.

Start with resistance checks at all tube-
socket pins using the resistance chart pro-
vided. These readings are taken with the
tuner off and unplugged from the AC wall
outlet. Occasionally there will be a resistance
reading which is considerably off the recom-
mended value. This could be due to ca-
pacitors which retain their charge and
influence the meter reading. The remedy is
to take an insulated screwdriver and short
the capacitor to ground.

If all resistances are OK, run a voltage
check on all recommended test points. In
some cases, voltages are supplied in chart
form, in others they are marked directly on
the schematic. Don't overlook special pre-
cautions to be observed during voltage
checks. Some manufacturers, for example,
state that voltages must be within 15%, how

p———— i

Among the things you'll need before starting the job are
o selection of alignment tools, contact lubricant, and
tuner cleaner. Finish up job by waxing your enclosure.

TV RepaIr



the volume control is set, whether a station
is tuned in, etc. These factors affect meter
readings.

Alignment. In general, tuners tend to stay
in alignment for long periods of time. Unless
a coil or transformer has been changed, only
slight touch-up of adjustments is in order.
You'll need at least two items before attempt-
ing the job: the alignment procedure given
in the service literature and appropriate
tuning tools. These last items are important.
The right tool not only speeds the job, but
prevents damage to such fragile components
as cores inside transformers (which usually
powder when turned by a regular screw-
driver). Depending on the specific tuner,
you’ll need either a hex-type plastic tuning
rod or a broad-tip, insulated screwdriver
made especially for IF transformers. These
requirements are frequently given in service
literature or you can shine a light into the
transformer cans to see the shape of the core.
Although specific instructions should be fol-
lowed, let’s consider some general aspects of
alignment.

Part of the job can be done without instru-
ments if the tuner has a tuning meter or
magic eye. Tune in a station which is only
moderately strong (one that doesn’t deflect
the tuning meter all the way or completely
close the tuning eye. Many FM tuners have
four or five IF transformers. Locate the one
next to the detector stage (farthest from the
front end, or tuning section, of the tuner).
Adjust the primary core of the detector
transformer—which is generally the top ad-
justment—for maximum signal on the tuning
indicator. Then proceed to the top and bot-
tom adjustments of all remaining transform-
ers, working your way toward the front end
of the set. Only slight adjustments should
be necessary. It’s also important not to
touch the tuning dial during any of these
adjustments.

Now return to the detector transformer
and its top, or secondary, adjustment. You’ll
have to connect an amplifier during this pro-
cedure so sound quality can be monitored
by ear. Carefully adjust the top core for
least distortion and hum.

If the tuner has no built-in tuning indi-
cator, a VIVM is used for IF alignment.
Shown in Drawing 1 is a simplified schematic
diagram of a limiter stage used in FM re-
ceivers having a discriminator-type detector.
The VTVM is set up to read low negative DC
voltage at point A shown in the diagram.
The IF transformer cores (except for the top
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and bottom of the detector transformer) are
adjusted for maximum negative voltage.
Next place a I-megohm resistor in series with
the negative probe and touch it to point B.
The bottom of the detector transformer is
tuned for maximum reading. The final step
is adjusting the VIVM so it reads at zero-
center (usually done by placing its function
switch on negative and setting the needle at
center scale with the zero adjust). Place the
VTVM probe at point C. Adjust the top of
the detector transformer for zero volts. It’s
important to observe the following during
this adjustment: while the top core is ad-
justed, the meter needle must swing through
positive and negative on either side of zero.

If your tuner has a ratio detector, like the
circuit shown in Drawing 2, alignment points

are slightly different. Tune all transformers

for maximum negative DC at point A, except
the top of the detector transformer. Shift
the VTVM to point B and tune the top of the
detector transformer for zero volts, using
the zero-center technique described above
for the discriminator circuit.

The only remaining area of alignment is
the tuner front end; RF amplifier, mixer and
local oscillator. Since they operate at ex-
tremely high frequencies it is best not to at-
tempt alignment without a signal generator.

As a final step for reviving an FM tuner,
recheck the antenna. Any improvement here
can pay off handsomely. The antenna system
should be in perfect condition from the
tuner terminals to the top of the mast. If a
separate FM antenna is not used, a coupling
transformer tapped into the twinlead of a
TV antenna can also produce good results;
perhaps even pulling in a couple of more
FM stations from distant points. .
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N If your child’s phonograph has given up
the ghost for what you insist has to be the
last time, think again. For a kiddie phono
is so simple a gadget it’s bound to have nine
lives (perhaps even ninety-nine) before it
ends in the trash can. And whether due
for its ninth or its ninety-ninth life, any
kiddie phono requires a minimum of skill to
return to working order. ¢
One of the reasons kiddie phonos are such
a breeze to repair stems from the fact that
there is really very little that can go wrong.
Basically, any kiddie phono consists of a

motor and turntable, a pickup and cartridge,
an amplifier and speaker—plus a cabinet to
house the lot. And aside from a broken cab-
inet, most repairs to kiddie phonos center
around one of these three basic areas. In
other words, it’s either the motor and turn-
table, the pickup and cartridge, or the ampli-
fier and speaker that are due for attention.
Let's start with motor-turntable problems.

Unless the motor has conked out com-
pletely—in which case the entire assembly
should be replaced, a general cleanup will
probably put things back in the AOK cate-

Kiddie phonos vary
widely in general
mechanical layout
and construction,
but this General
Electric player

is not unlike

several other brands
that have been on
the market at one
time or another.
Disassembling this
unit required unplug-
ging line cord from
socket at rear, then
removing series of
Phillips-head screws
with a screwdriver.

TV REPAIR



Amplifier/speaker section of kiddie phono gen-
erally contains one or two tubes in an AC/DC
circvit. Inoperative amplifier usvally stems
from burned-out tube; damaged speaker often
proves to be the cause of distorted sound.

gory. “This can easily be accomplished by
removing the pin or E-ring from the turn-
table, carefully pulling the turntable from
the spindle, then cleaning the underside of
the turntable as well as the motor shaft and
idler assembly with a suitable solvent—a
small bottle of GC carbon tetrachloride being
a good choice. Use the cleaner sparingly
on rubber parts, and be certain to clean the
rim of the turntable thoroughly (see photo
at top of facing page).

A new needle (now generally referred to
as a stylus) should put the arm-and-cartridge

After carefully
noting wiring of
leads running into
amplifier from
cartridge, leads
were unsoldered,
then single hex nut
was unscrewed to
permit removal of
tone-arm assembly.
Since new tone arm
was virtual dupli-
cate of damaged
unit, fitting it in
place called for
little more than

a reversal of

Cartridge and tone arm easily fall prey to in-
jury (note absence of tone-arm base in player
above). Needle should almost always be re-
newed with exact replacement, as should both
tone arm and cartridge, if condition warrants.

combo back in like-new condition unless
either or both has been damaged. If they
have, it’s usually best to replace both with a
new arm-and-cartridge assembly as shown in
the photos.

As for the amplifier and speaker, burned
out tubes and punctured speaker cones ac-
count for something like 90% of kiddie
phono troubles in this area. Effecting a cure
is almost child’s play—plug in a new tube or
toss in a new speaker, and you’ll have every
reason to expect that the set will play like
new again.—Ron Mitchell »

disassembly procedure.
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/= \ 5"_1"‘_\_\___‘_:_\_____. It's a fake!
He doesn’t even have a TV set.
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They finally got here to trim the trees!

Hold it—hold it— hold_itm Relax Bud, this isn't mine! It's part of the
R instrument system for a new airport here!
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8 There’s no big mystery about TV and FM
antennas—they are nothing more than the
parts required to deliver a signal to your
television set or FM receiver. It may be as
simple as an indoor antenna and a short
length of lead in. A more complex system
could have several additional parts, such as
a signal amplifier, multiset coupler, etc. The
job of the antenna system is to deliver a
strong, noise-free signal to every set con-
nected to it. Here are some professional
types to help you select and install the sys-
tem that will provide the best possible recep-
tion, at the lowest cost.

Before we get into the practical side of
selecting and installing an antenna system,
let us indulge in some basic antenna theory.

Broadcasting. TV and FM signals are
basically the same as those of AM radio, ex-
cept they contain more information, and are
higher in frequency. As in the case of AM,
the TV and FM signals radiate from the
transmitting tower in all directions to any
antenna that may be within their range. The
signal strength at any point depends upon
how strong the signals were when they left
the transmitting antenna and the distance
they traveled. The terrain over which the
" signal travels is also important. Mountains
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and tall buildings will stop a signal dead, and
leave a “shadow” on the other side. We'll
discuss the shadow problem later. Over water
or flat land, a TV or FM signal will go clear
out to the horizon—getting weaker and
weaker every foot of the way.

The region surrounding a TV transmitter
is divided into different reception areas ac-
cording to the strength of the signal in each
area. Close in, we have the local area, then
comes the intermediate or suburban followed
by fringe and ultra fringe areas. No matter
which area a receiver is in, it must obtain a
certain minimum amount of clean signal be-
fore it will give a clear, stable picture, or
good FM reception. For a few older sets,
the minimum is about 50 microvolts per me-
ter; for newer sets, it is less.

The phrase, 50 microvolts per meter means
that the signal passed from the receiving an-
tenna to the receiver must be equivalent to
what a field-strength meter with an antenna
tuned to that signal would show as 50 micro-
volts for each meter of length of the antenna
arms. When a TV set front-end receives at
least this amount of signal, all of its circuits
function normally and give a stable, con-
trasty picture.

Whether a receiver gets this minimum-
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signal strength depends upon its antenna and
the area. In the local area of a particular TV-
transmitting station, the signal may be as
strong as 10,000 microvolts or more.

Where an indoor antenna is just not strong
enough, it is necessary to go to an outdoor
antenna, mounted so that it gets a clear view
of the transmitting antenna. An outdoor an-
tenna will also have more arms, or elements,
than an indoor antenna. Generally speaking,
the more you have to intercept the signal, the
more signal you trap. However, the antenna
design (configuration) is frequently more
important than the numter of elements.

To understand the basics of antenna de-
sign, we’ll have to -understand the common
terms used by antenna engineers and manu-
facturers.

J— 3
MAX, F TAG
—. C YOLTAGE g RF CURRENT
. S
- /‘<_ ™~ -
-~ N MIN SO NN
-~ . N
h—ﬁ/ a
L I |
| 3 | 3
= ] TRANSMISSION LINE
A

TRANSMISSION LINE

B .
Fig. 1. The dipole antenna (A) is basic to communi-
cations by amateur (Ham) and commercial stations as
well as FM and TV. RF voltage and current are easy
fo measure when connected to transmitter. Folded-di-
pole (B) matches 300-0hm impedance twin-line lead-in.

Dipole Antenna. A dipole antenna has
one element—but two arms or legs—as
shown in Fig. 1. A dipole is center fed and
a half-wavelength long—a resonant circuit
(an open-circuited, quarter-wave) with volt-
age maximums at the dipole ends, and a cur-
rent maximum at the center. A dipole usu-
ally consists of aluminum tubing positioned
in a straight line. If a single length of tubing
is used, bent over double (as in Fig. 1B), it
is called a folded dipole.

Parasitic Array. By itself, a dipole will

1

receive signals equally well from front, back,
top and bottom—which also picks up any in-
terference, so parasitic arrays are used to
give the basic dipole some measure of direc-
tivity. A parasitic array is a dipole antenna
that has a passive or nondriven (parasitic)
element in addition to the driven element.
Both reflectors and directors may be used in
parasitic arrays as in Fig. 2.

REFLECTOR

LE
DIRECTORS

LEAD-IN

FROM

TRANSMITTER

Fig. 2. Parasitic elemenfs, those without physical
connection fo lead-in, lower antenna impedance and
bandwidth, Length and spacing are very important.

Reflectors and Directors. A reflector is
cut approximately 50% longer than the
driven element (dipole), and a director is cut
approximately 5% shorter. The director is
placed on the signal side of the driven ele-
ment, while the reflector is on the opposite
side. The elements are spaced one-tenth to
fifteen-hundredths of a full wavelength apart.
Some of the longer parasitic arrays may have
16 or more elements.

All other factors being equal, the more
elements an antenna has, the higher the gain
and the greater the directivity (the narrower
the beam width). This is not to be confused
with frequency sharpness or bandwidth.
Usually, frequency sharpness is dependent
upon the thickness or diameter of the ele-
ments. The small-diameter elements (thin
wire) will have maximum frequency sharp-
ness. The bandwidth, or relative Q, will
broaden out as the diameter of the elements
increases. This is shown in Fig. 3.

An antenna with a sharp resonant peak at
its operating frequency, such as a thin-wire
dipole, is said to have a high Q (Fig. 3A).
Antennas with a broad resonance curve (Fig.
3B) have a lower Q. It should be noted that
a high-Q antenna is not necessarily the best
for all purposes. A high-Q antennna will re-
ceive one frequency or a narrow band of
frequencies quite well. A low-Q antenna will
cover a wide range of frequencies.

TV REPAIR
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Antenna Gain. The gain of an antenna
is measured by comparing the voltage pro-
duced at the terminals of the antenna with
that of a thin-wire dipole of the same size,
operating at the same frequency, in the same
location. Antenna gain is normally expressed
in decibels (db), since it is essentially a ratio.
The equation is the same as for any other
voltage ratio:

E.
Antenna gain = 20 log 75‘:
2

where: Antenna gain is in decibels
E, is the voltage induced in the un-
known antenna, in microvolts
E, is the voltage induced in the refer-
ence antenna, in microvolts

Antenna gain is often shown in a gain
curve or gain chart such as Fig. 4. Usually,
the zero-db line indicates the gain of the
thin-wire dipole to which the antenna is be-
ing compared.

Antenna Directivity. This is a measure
of the antenna’s ability to receive signals
from one direction and reject those from
other directions. Graphically, it is usually
shown on horizontal directivity or polar pat-
terns similar to that in Fig. 5. On such dia-
grams the antenna is considered as being at
the center of the graph. The pattern sur-
rounding this point show the relative sensi-
tivity or response in any given direction.
Theoretically, transmitters of equal power,
located at any point on the curves shown,
would produce equal voltages in a given an-
tenna. The areas outlined by the curves are
called lobes. Any area where there is a min-
imum response, or no response, is called
a null.

The directivity pattern of an antenna will,
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Fig. 3. Diameter of conducfors
used for dipole arms affects band-
width of antenna. Antenna is
actually a tuned circuit—tuned by
length of dipole arms. Thin
conductor (A) has sharp tuning but
tubing (B) broadens response.

Fig. 4. Antennas are analyzed

by receiving or transmitting signals

through newly designed anfenna

and reference dipole. Transmission

and reception characteristics are

B identical with any given anfenna
which makes fests simpler.
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of course, vary with the construction. An-
tenna engineers spend a good part of their
time making directivity patterns to show
that their particular antenna is more (or less)
directive than all other antennas. In general,
the more elaborate arrays have a sharper
directivity pattern.

When studying directivity patterns in the
brochures of antenna manufacturers, with
the idea of making a comparison, here is one
point to remember. The directivity pattern of
an antenna will vary with the frequency,
just as does the gain. To use patterns as a
basis for comparison, make sure that they
apply to the frequency range to be used.

Antenna Beam Width, The beam width
of an antenna is an arbitrary measure of
directivity. It is measured on the major lobe
of the directivity patterns, and its horizontal
limits are arbitrarily set at 70% of the max-
imum response or sensitivity point, as shown
in Fig. 6. This corresponds to the practice of
measuring the bandwidth of an amplifier.
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Front-to-Back Ratio. The front-to-back
ratio of an antenna is also a measure of
directivity. It is a means of expressing direc-
tivity in terms of ratio, rather than in the
graphic terms of a pattern. A front-to-back
ratio of 10-to-1 (10:1) means that the an-
tenna is 10 times as sensitive in one direc-
tion as it is in the opposite direction. Front-

BEAM WIDTH ﬁ/
100

80
70
60
50
40
30
20

Fig. 6. Anfenna beam width is measured at 70%, (of
maximum signal) points of main lobe. Improved de-
signs have greatly improved fringe-area reception.

to-back ratio does not give as good a picture
of an antenna’s directivity as does a polar
diagram, since it does not indicate side lobes,
minor lobes, etc.

Antenna Impedance. Since an antenna
is essentially a resonant circuit, it has an im-
pedance. Most TV antennas are designed for

a 300-ohm impedance to match a 300-ohm
twin-lead antenna lead-in and the set input.
However, some antennas have a 72-ohm im-
pedance to match coaxial cable. Although
antenna impedance is a problem for design-
ers, it may be of interest to know that the
impedance is determined primarily by the
spacing between the center-feed points of the
dipole, and by the number of parasitic ele-
ments.

Antenna VSWR. The voltage standing-
wave ratio (VSWR) of an antenna is actually
a measure of match or mismatch between
the antenna and the transmission line or
lead-in. When an antenna and the lead-in are
perfectly matched (as to impedance) all of
the energy or signal will be transferred from
the antenna to the lead-in, and there will be
minimum signal loss. This is quite rare in
actual practice. If a match should occur, it
will only be at one specific frequency. At any
other frequency, there will be a slight mis-
match, and some of the energy will be re-
flected back into the line. This energy or sig-
nal will cancel part of the desired signal. If
you could measure the voltage along the line,
you would find that there were voltage max-
imums (where the reflected signal is in phase
with the desired signal) and voltage mini-
mums (where the reflected signal is out of
phase, partially cancelling the desired signal).

These voltage maximums and minimums
are called standing waves, and the ratio of
the maximum to the minimum is the stand-
ing-wave ratio. A standing-wave ratio of 1:1
means that there are no maximums or mini-
mums (the voltage is constant at any point
along the line) —that there is a perfect match
between antenna and lead-in. If you have a
voltage maximum of 30 volts and a mini-
mum of 10 volts, the VSWR is 1:3 (or 3:1).

Stacked Antennas. An antenna is said to
be stacked when there are two or more

X

Fig. 5. Antenna directivity is dia-
gramed on polar charts showing
major and minor lobes of signal
pick up. Anfennas are rotated
while test signals are received
and transmitted by complex test
equipment, Polar pattern varies
from one TV channel to another.
Large rear lobe (A) can pick up
annoying ghosts. Small, side lobes
(B) often must be ftaken info
consideration when aiming an-
tenna for best signal pick up.
This is why ghosts may oppear on
one channel and not on ofhers.

TV REPAIR



driven elements connected together; or
when, in effect, two or more antennas are
connected together. Each driven element,
with its related reflectors and directors, is
called a bay. Therefore, four dipoles with
reflectors, all connected together to form an
antenna, would be called a four-bay stacked
antenna. The stacked antenna is used most
often in UHF TV.

Antenna Types. The next step is to study
the various antenna types. There are many
(perhaps too many) types of antennas avail-
able for TV and FM use. Each of these has
its own particular advantages and disadvan-
tages. We'll describe some of the various
types of antennas but we won’t compare the
antenna of one manufacturer against that of
another or even compare one type against
another.

It is obvious that the more elaborate arrays
will give better directivity, gain, front-to-
back ratio,b, VSWR, and will cost more
money. An elaborate array is not necessary
for all installations. It is a waste in strong
signal areas and could overload the receiver.

Broad-band antennas (such as the flying
arrow for VHF TV, or the bow-tie for UHF
TV) will provide good gain over an entire
band while narrow-band antennas (such as
the Yagi) provide excellent gain over a small
portion of the band—you can’t have both at

Courtesy The Finney Co.

Some Yagis, like this Duo-Twin-Drive antenna, claim
range up fo 175 miles for color and black-and-white.

the same time. Highly directional antennas
will eliminate ghosts and interference by a
single lobe pointing directly at the station
antenna. Don’t expect this same antenna to
pick up two stations equally well though, un-
less the station antennas are in line with each
other from your location.

In short, no one antenna will do every-
thing. You must select the antenna to meet
the needs of the particular installation. If the
signal is strong, any one of a dozen simple
antennas (perhaps even an indoor antenna)
will bring in a good picture. As the signal
gets weaker, you must then use the high-gain
antennas, and perhaps even add a booster or
amplifier. If there is a particular ghost or in-
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terference problem, the narrow-beam an-
tenna will give the best results. If you are
concerned with only one frequency, it is
possible that a special antenna will give the
best results at that frequency.

VHF Antennas. The simplest cf all VHF
antennas is the flying arrow. It is basically a
dipole with a single director element. The
length is cut (usually) so that it will give
maximum gain near the center of the VHF
Courtesy Lafayette Radio Electronics
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This log-periodic swept-element antenna is for VHF-TV
(chan. 2-13) and FM. 18 elements for 175-mi. range.

band (Channels 2 to 13), although it is
basically a broadband antenna. The flying
arrow is not highly directive since it has only
one directive element and should be used
where the signal is strong, from all stations
to be received, and there are few (if any)
ghost problems. .

Next in line for VHF antennas is the
conical array. This is similar to the flying
arrow, except that it has two forward (or re-
verse) elements fanned out to simulate a
cone-shape. This gives the antenna more in-
terception area to pick up “hot” signal spots.
(We will talk about “hot spots” later on
under Parabolic Reflectors.)

The remaining VHF antennas can be di-
vided into two major classifications—the
Yagi and the Log-Periodic types.

Yagi Antennas. In its various forms, the
Yagi is a popular narrow-band, highly direc-
tive version of the half-wave dipole. The high
directivity of the Yagi is obtained by placing
several director elements in front of the di-

Courtesy of Bionder-Tongue Labs.

Basic log-periodic design is modified for color-TV
and gives appearance of an entirely different type.
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pole. These elements are cut shorter than the
dipole, but they are all of the same length.
Therefore, all of the elements resonate at the
same frequency, providing high gain at that
frequency. Signals coming from directly in
front of the elements will have maximum
gain since they receive the benefit of all di-
rector elements, while signals from either
side will have less gain since they receive
benefit of only a few director elements. This
accounts for the high directivity. Usually
only one reflector is placed behind the dipole
to eliminate the rear lobes. Any number of
director elements may be used; more ele-
ments provide higher directivity and gain.
The narrow frequency response of the
Yagi antenna has advantages and disadvan-
tages. Its selectivity and gain are very useful
for a single-channel where reflections pro-
duce ghosts that cannot be easily eliminated.
If several channels are available, however, a
simple Yagi may not be able to receive all
of them. Various manufacturers have de-
vised methods to eliminate this problem. The
Yagi antenna shown in Fig. 7 covers a wider
band than usual. It has dipoles of different
lengths. Elements of different lengths pro-
vide more than one resonart point across the
band—increasing overall frequency response.
Log Periodic. High directivity, with
broad-band reception, is obtained by placing
several swept-forward reflector elements be-
hind the dipole. These elements are all cut
longer than the dipole, but each is progres-

Courtesy Winegard

Fig. 8. Modern antennas have
eliminated most of the reception
problems common in early days

of YHF-TV. Rushing to catch up,
UHF-TV installation materials are
constantly improving as production
keeps up with technology.

sively or periodically longer than the next,
increasing in a logarithmic progression. Sig-
nals directly in line with the dipole will have
maximum gain since they receive the benefit
of at least one reflector element. This pro-
vides the increased directivity. Broadband
coverage occurs since at least one reflector
is resonant at any point across the band.

UHF Antennas. Basically, UHF-TV an-
tennas are the same as VHF-TV antennas,
only they are smaller. The half-wave dipole
is still the basic element. Many of the time-
proven VHF-antenna designs (parasitic ar-
rays, reflectors, Yagis, log periodics, etc.)
are used without change for UHF., In strong
signal areas, it is even possible to connect a
VHF antenna to the UHF input terminals
and get a satisfactory picture.

The significant difference between UHF
and VHF antennas is the difference in size.
Because UHF antennas are so much smaller,
it is possible to manufacture an elaborate,
high-gain, multi-element unit at a far lower
cost. This means that UHF antennas gener-
ally have a higher gain and are more direc-
tive than those for VHF. Although the added
directivity is not a problem in itself, it does
require the UHF antennas be oriented with
greater care.

Ghosts. A major problem with UHF-TV
is that high-frequency radio waves can be re-
flected easily by solid objects as shown in
Fig. 8. The reflected signal is delayed a few
microseconds. The resulting double image,
on the TV screen, occurs when a receiver
picks up both a direct and a reflected signal.
About the only solution to the problem is to
use a highly directional antenna. Fortunate-
ly, most UHF antennas are more directional

Fig. 7. In spite of the great number of
elements, this Yagi antenna has broadband
) characteristics. Different lengths of
. elements stagger-fune response and improve
~~~"  pick up over a greater frequency range
than is possible with fewer elements.
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than VHF antennas. They can be oriented
on the station’s antenna, attenuating signals
all other directions. However, this high di-
rectivity creates a problem in itself. If a UHF
antenna is not bang on target considerable
signal strength can be lost. The problem be-
comes more serious when more than one
UHF channel is available. Unless the trans-
mitting antennas of all the stations are close
together, several receiving antennas or a ro-
tating antenna may be needed.

There are other UHF transmission char-
acteristics that make reception difficult. All
other things being equal, a UHF transmitter
requires greater power to cover a given

Courtesy Jerrold Electronics Corp.

Another log-periodic antenna for color-TV seems more
like Yagi—element inferconnections makes the design.

broadcast area than a VHF transmitter. For-
tunately, this is offset by the fact that the
FCC allows more power for UHF stations.

One of the more annoying problems is the
line-of-sight effect (Fig. 9). VHF and UHF
transmissions differ from lower frequencies
in that the VHF and UHF radio signals do
not bounce off the ionosphere at these wave-
lengths; they pass straight through. Only the
direct wave can be picked up by the receiving
antennas. There is some refraction of VHF
radio waves in the troposphere, so reception
will occasionally occur at distances greater
than the actual line of sight. However, re-
ception of UHF signals is limited to points
in a straight line from the transmitter. The
ultimate distance of any UHF transmission
is limited by the height of the transmitting

Courtesy Trio Mfg. Co.
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and receiving antennas. This in itself is no
great pfoblem since it is possible to space
UHEF stations so that additional areas can be
covered. However, because of the line-of-
sight effect, any obstruction between the
transmitting and receiving antennas will at-
tenuate, if not completely block, the signal to
the receiving antenna. This effect is known
as a shadow.

Receivers in the shadow areas (Fig. 9)
are blocked from receiving signals from one
of the two transmitters. In metropolitan
areas, tall buildings can create very effective
shadows. Mountains, even low rolling hills,
can produce the same condition in country
areas. Very little can be done about shadows.
The only practical solution is to raise the
receiving antenna as high as possible, out of
the shadow, so there will be a line-of-sight
path between the transmitting and receiving
antennas. In shadow areas where the signal
is attenuated but not completely blocked, it
is possible that a high-gain antenna will pro-
duce a strong enough signal for good recep-
tion. However, obstructions (tall buildings or
mountains) will usually block the signal
completely rather than attenuate its strength.

A true shadow area is one where the sig-
nal is blocked by an obstruction, even though
the receiver is within the local-signal area of
the transmitting station. This should not be
confused with the fringe area where the
signal is attenuated by distance from the
transmitter.

The bow-tie antenna is a popular UHF
broad-band version of the half-wave dipole.
The triangular shape is chosen to provide
maximum bandwidth. Since the frequency of
an antenna is determined by its length, the
bow-tie is, in effect, many dipoles cut to
various lengths. Length A (Fig. 10) is equiv-
alent to the dipole in Figs. 10b, 10d, and
length B is equivalent to the one in Fig. 10c.
The bow-tie antenna combines the dipoles of
every length between A and B. The dipole at
length A is resonant near the low end of the
band, while the B length covers the high end
of the band. The bow tie offers somewhat

STATION B Fig. 9. Any electrical conductor

will shadow or reflect VHF and
UHF signals—ijust like radar.
Even foliage on trees can affect
reception, as can rain clouds

or dust and smog. Sigmals

are often stronger after rain.

,-/'t\’:‘\\\ "
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more gain at the high end of the band than
does a simple dipole. However, the principle
use of the bow tie is to give broad-band cov-
erage just as the conicel antenna (10d) did
in the earlier days of TV.

Fig. 10. Bow-tie antenna (a) is derived from the cone
antenna. Reduced fo its simplest form the oufline of
the cone, dimensions A and B, become dipoles of the
same length in (b) and (c). Conical antenna (d) is
easier fo visualize as a cone or skelefonized bow-tie
anfenna of much larger dimensions needed for VHF-TY.

Like other simple dipoles, the horizontal
directivity pattern of a bow tie is essentially
a figure eight (Fig. 11). As the frequency
increases toward the high end of the band,
the second harmonic of the low end is ap-
proached (the UHF band is almost 2 to 1—
470 to 890 megacycles) side lobes appear as
shown in Fig. 11, bottom.

Additional gain will result when stacking
bow-tie antennas—either vertically, horizon-
tally, or both. The effect of stacking is shown
graphically in Fig. 12. When bow-tie anten-
nas are stacked, their feed points are tied
together with bars or rods to a common 300-
obm impedance point. Bow-tie antennas can
be made directive by adding a reflector to
eliminate the rear lobe.

Corner Reflector. Basically a bow-tie
antenna with a triangular reflector, it con-
centrates the signals to the dipole. The top

B

Fig. 11. Figure-8 pick-up pattern occurs af
"cut” frequency of antenna elements (top)
while minor lobes develop above and below
the "cut” frequency. Changing dimensions
of elements changes "cut' frequency and
lobes (below) will be changed accordingly.

>

part of the reflector deflects the signals down
to the dipole, while the bottom part deflects
the signals up to the dipole. This provides
additional gain over stacked bow ties, as
shown in Fig. 13. However, the main reason
for the corner reflector is to provide greater
directivity than with stacked bow ties. This
is particularly desirable where ghosts, from
multiple reflections, make a bow-tie antenna

TV ReraR



Courtesy Lafayette Radio Electronics

8 Fig. 12. Ability to pick
up signals can be increased by
7 == stacking elements. Stacked
STACKED BOW TIES P Se o (parallel connected) bow-tie
6 — == antennas have nearly 3-db
P d Y higher signal pick up over the
5 = - single bow tie as reference.
-
@4 - .
z pad T
2P
s, ~ ~——SINGLE BOW TIE
// Fig. 13. Adding corner
! reflector fo stacked bow fties
further increases pick up.
0 Pick-up ability of one antenna
over basic anfenna is called
-1 gain and is indicated in
470 512 572 632 692 752 812 890 decibels (db) or pawer.
FREQUENCY (IN MC}
unsatisfactory. As shown in Fig. 14, the rear 16 W
lobes are almost eliminated. v
Parabolic Reflector. The concentrationof |, £\
signals, from the curved surface to the driven S~ \
element, provides more gain and makes the BT L
antenna more directive than would be pos- 12 Pl
sible with a flat reflector. However, this does _- ‘\
not necessarily mean that a parabolic reflec- & 10 /
tor with a single driven element will provide 2= el
more gain than several stacked elements and _ A
a flat reflector. The main advantage of para- % L~
bolic reflectors is their ability to bring in sig- 7 STACKED BOW TIE
nals from hot spots. When you are installing € ANTENNAS ]
any antenna, especially UHF TV, it is often
necessary to probe at various heights because 4
of the alternating hot and dead spots, as
shown in Fig. 15. Such variations in strength .
are caused by the interaction of signals direct
from the transmitter with signals reflected
from other antennas, metal gutters, vehicles 0
in the street, etc. 470 52 572 €32 692 752 82 890
Even though you probe and find a hot- RS T L
spot, there is no guarantee that it will remain CHANNEL
hot. These good-signal spots tend to shift
significantly. An antenna that has a small 14 60 83
vertical interception area is most vulnerable STACKED
to these shifts. It should be noted, however, 23‘;’5;;5
that vertically stacked arrays share this same
advantage in that at least one of the driven
elements will remain in the hot spot.
The Yagi is quite popular for UHF TV. CORNER
One problem with a Yagi is that the imped- REFLECTOR
ance is lowered as directive elements are
added. This condition is compensated by

using a high-impedance dipole. The antenna
shown in Fig. 16 uses a special folded dipole
(cut from one piece of aluminum) to in-
crease the impedance.

Yagis are as vulnerable to the variation in
signal strength, at different heights, as the
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Fig. 14. Corner reflector affects pick-up pattern of
sfacked bow ties. Lobes are greatly offected by
any change in element arrangement, interconnections
or adjacent conductive surfaces—masonry, foliage.
Anyone can experiment with antennas if they have
the necessary metal-working tools. Lack of proper test
facilities makes cut-and-try experimentation slow.
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Fig. 15. Curved reflector catches signals and aims
them af active antenna elements in some designs. A
concentrated signal reduces static or snow af UHF.

bow-tie antennas. The Yagi shown in Fig. 17
has a corner reflector instead of the usual
single reflector element. This corner reflector
provides additional vertical interception.

Log Periodic. Another solution to the ver-
tical interception problem is shown in Figs.
18 and 19. These log periodic antennas are
flattened out versions of helical antennas and
provide an almost constant frequency re-
sponse over the entire band.

FM Antennas. FM radio requires the use
of a YHF antenna just as television does.
Once you get out of the immediate broad-
cast area, an outdoor antenna becomes nec-

Courtesy Channel Master Corp.

Fig. 16. Folded dipole akead of
reflector increases anfenna's charac-
feristic impedance to offsef the
usual impedance-lowering effects of
the parasitic elements in array.

Fig. 17. This UHF antenna combines
high directivity and gain of the Yagi
with the vertical inferception
characteristics of corner reflector.
Folded dipole is at the right.

essary, Many people have used their TV
antennas for FM with sometimes good re-
sults. But this may not be true for stereo FM
reception. Every stereo tuner or receiver has
a multiplex circuit which separates the re-
ceived stereo signals into their left- and
right-channel components. During the stereo
separation process, 90% of the signal is lost
—equivalent to being 50% further away
from the station. This results in noisy recep-
tion and loss of stereo effect.

You say you have a perfectly satisfac-
tory antenna for TV at present, but need an
antenna for FM? (You have, or are getting,
an FM stereo receiver.) Should you replace
your TV antenna with a combination TV-

Fig. 18. This log-
periodic anfenna is @
flattened-ouf ver-

sion of helical anfenna.
Its wide-band re-
sponse at UHF is an ouf-
standing asset where
several UHF stations are
serving the area.

Courtesy JFD Electronics Corp.

FM model? Well, not if you're satisfied with
the TV reception you get—and the antenna
is not so oxidized or deformed (bent or
broken) that it needs to be replaced. What
you can do is get a separate FM antenna
which may be added to your TV mast.

Courtesy The Finney Co.
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Courtesy JFD Electronics Corp.
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Fig. 19. Stacked log-pericdic antenna is pyramid-
shaped. Stacking increases directivity and gain—
high front-to-back ratio reduces inferference, ghosts.

In many areas there is almost no limit to
the number of FM stations that can be re-
ceived. To get “round the compass” FM
reception you can use either an omnidirec-
tional antenna or a directional type with a
rotator, The directional antenna has more
gain and will bring in stations from greater
distances.

The most common omnidirectional anten-
nas for FM are the Sigma (S-shape) and the
turnstile. For fringe areas there are FM
Yagi antennas, from 3- to 10-element mod-
els. Because of their directional characteris-
tics, the Yagi must be used with a rotator
unless you are interested in only one station.

If you have an FM antenna now for
monophonic reception, but plan to get a
stereo receiver, you may require a more pow-
erful antenna. First, try to use the antenna
you have. If reception is not satisfactory,
that is, if the stereo separation is not appar-
ent and if there appears to be some distortion
and noise, or if you can’t tune in stereo sta-
tions clearly, then the trouble may very well
be in the antenna. In that case, you will prob-
ably need to get a higher-gain model. In
practical terms this means:

If you are now using a built-in or indoor
antenna for monophonic FM you may need
an S-shape or turnstile outdoor antenna for
satisfactory stereo reception,

If you are now using a turnstile or S-shape

SPRING-SUMMER, 1_967 '

antenna, you may need a S-element Yagi
with a rotator,

If you are now using a five-element Yagi
you may need a 10-element Yagi (or stack
S-element Yagis) and, perhaps, add an
antenna-mounted booster.

Another solution to the problem is the use
of intermixed antennas. Such antennas will
cover VHF, UHF, and FM. However, the
directivity problem will remain.

Transmission Line (Lead-In). While a

:
|
|

Aunuw

Courtesy Allied Radio Corp.

TN

Bedspring-like reflectors back up the
conical-type stacked antennas. Spac-
ing is critical but special stacking
bars assure accurate positioning of
active elements for optimum pick up.

transmission line (lead-in) is any device that
will conduct electrical energy from a source
to a load the term lead-in is usually applied
to the conductors between the antenna and
receiver. (Transmission line usually means
the line between a transmitter and antenna.)
Since the same types of wire are used in both
applications, the terms are actually inter-
changeable.

In TV or FM, twg wires are required since
the antennas are dipoles. Two basic types of
lead-in are parallel-wire lines and coaxial
lines. To break it down further, parallel-wire
lines can be of the open-wire type where
there is no material between the conductors
except widely separated spacers. More likely
it will be flat ribbon (twin-lead) or possibly
tubular line. Coaxial lines are those where a
center conductor is completely surrounded
by the outer conductor.

Line Losses. All transmission lines have
some losses. That is, part of the energy or
signal will be lost in the transfer from the
source to the load. There are four basic
reasons for such losses. (Turn page)
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Since a transmission lne is carrying an
RF signal, a portion of that signal is radi-
ated from the line (Fig. 20). This is known
as radiation loss. It is present on VHF lead-
in to a limited extent, but it becomes a real
problem for UHF. Because the outer con-
ductor of a coaxial line also serves as a
shield, coaxial lines have 2 minimum radia-
tion loss.

When a transmission Line is routed near
another conductor, part cof the radiated en-
ergy is transferred to the edjacent conductor
by induction. These induction losses occur
where lead-in wire i§ routed near metal gut-
ters, drain pipes, etc. (Fig. 21). Since induc-
tion loss is a result of radiation, it will be at
a minimum when coaxial lines are used.

The insulating material between the two
transmission wires is a dielectric which acts
as a high resistance shunt. A portion of the
energy or signal is lost across this shunt (Fig.
22). This is known as dielectric loss. Fortu-
nately, dielectric losses zre not too great
under normal circumstances. Although dry
air is the dielectric which offers the most re-
sistance (and the least losses), moist air has
very high dielectric losses. Likewise, flat-
ribbon lines normally have low loss except

RADIATED
ENERGY

TRANSMISSION
LINE

~

Fig. 20. Parallel wires used for lead-in reradiates
some signal—loss is greater than with coaxial cable.

when they are wet or dirty.

All conductors have some resistance which
will cause loss (voltage drcp) as the currents
flow through them (Fig. 23).

Line Attenuation. The combination of
the four types of line losses results in a net
attenuation of the signal. This is usually ex-
pressed in db (decibels) per 100 feet, or in
percentages of efficiency. Attenuation in-
creases with length. However, to be of real
value, the attenuation factor of a lead-in

should be related to the entire frequency
‘range used, as well as the surrounding con-
ditions.

Line Impedance. Since any conductor has
inductance (along its length), capacitance
(between leads), and resistance, a transmis-
sion line has a characteristic impedance
which accounts for all of these (Fig. 24).
V' The most common impedance of flat-

PRI

INDUCTION
FIELD

TRANSMISSION
LINE

Fig. 21. A conducfor adjacent fo one lead of pair
will unbalance: transmission line, weakening signals.

ribbon lines {is 300 ohms, while the imped-
ance of most'TV coaxial lines is 75 ohms.
The open wire \used in the early days of UHF
had an impedance of about 450 ohms, but
now it is mamMactured with an impedance
near 300 ohms.\The actual impedance of a
line is not as ifnportant as the impedance
match with theiantenna and the receiver in-
put. Most antermmas and receivers are now
designed to be used with 300-ohm transmis-

ELECTRICAL EQUIVALENT
A}

\

TRANSMISSION LINE §

Fig. 22. Shunt signal loss may be -\in form of a low
resistance or @ capacitance across’ transmission line.

sion lines.

Transmission Lines. There \are four basic
transmission line types (or l%d-ins) avail-
able for TV and FM antennas.! Each has its
own particular advantages and disadvantages.

Open Wire Line. The openwire line has
the least loss, because the dielectific is mostly
air. The two conductors are sepagated at in-
tervals by polethylene spacers that vary in
shape. There is little chance for dirt or mois-
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ture to build up across the open leads, so an
open-wire line is a good choice for very long
runs where losses must be kept to a mini-
mum. However, open wire is difficult to in-
stall, and it deteriorates from exposure to the
elements faster than other types of line.
Open-wire line is almost never used for any-
thing but UHF-TV antenna systems.

Coaxial Cable. Because of its shielding,
coaxial cable is the best bet where there are
radiation or pick up problems (routing near
metal surfaces or wires), or where exposure
to the elements is a problem. This cable con-
sists of an inner conductor (embedded in the
polyethylene dielectric) enclosed in a copper-
braided shield and a vinyl jacket for weather
and abrasion protection. Coaxial line is virtu-
ally unaffected by moisture and dirt on the
outside jacket of the line. Also, nearby con-
ductors will not absorb energy from the line,
nor will interference signals enter the line.
Coaxial line is fairly simple to install, but it
does require a hole at the feed-through point.
(Flat ribbon line can usually be slipped
under a window.) Coaxial-line impedance
varies from 50 to 75 ohms, which does not
match the normal antenna impedance of 300
ohms, so a matching transformer is required.
A matching transformer is also needed when
you are connecting to a 300-ohm input on
the TV set. -

Flat Ribbon Line. Flat ribbon or twin-lead
is the most popular TV and FM lead-in. One
of the reasons for this is that it can usually
be routed into the house without drilling
holes. It is readily available from a number
of sources, including most variety stores. Its
impedance is normally 300 ohms so it will
match most TV and FM antennas. Not pop-
ular now is the narrower 150- and 72-ohm
twin lead.

In addition to the conventional flat ribbon,
twin-lead is available in a punched or slotted
ribbon (a form of open wire line) where a
large percentage of the insulating material
between the leads has been removed—this
reduces losses.

Another version of the ribbon line has a
polyethylene covering or sheath placed over

SPRING-SUMMER, 1967

Fig. 23. Resistance would
be main consideration if
lead-in carried DC——effects
at VHF, UHF are severe.

Fig. 24. Series resistance
and inductance and shunt
resistance and capacitance
affect line's impedance.

SHUNT RESISTANCE

the line. This keeps the line protected from
the elements, and it has considerably lower
losses than other types of twin-lead when the
lines are wet.

Tubular Line. One of the best all-weather
lead-ins is the tubular line which was de-
signed to keep losses down when the lead-in
is wet, or covered with dirt and snow. As
shown in Fig. 25, the energy fields between
the two conductors of a transmission line are
essentially circular. These energy fields are
outside the insulation with conventional flat
line. When moisture is present, it acts as a
high-resistance shunt between the conductors,
causing additional losses. On tubular line, the
moisture remains outside the field of energy.
The exposed ends of tubular line must be
sealed against moisture when it is installed.
This is done by heating the end of the line
and pinching the tubular sides together with
pliers. Or the tube-like line can be sealed
with a plug. Usually, the manufacturers rec-
ommend that a small hole be punched at the
bottom of the drip loop to remove moisture
that may accumulate inside the hollow tubu-
lar line. Tubular line has a drawback in that
a fairly large hole must be drilled at the feed-
thru point into the house.

Reception Aids. There are a number of
accessories and reception aids available for
TV and FM antennas. These include ampli-
fiers (or boosters), antenna couplers, split-
ters, matching transformers, and antenna
rotators.

Couplers and Splitters. The terms coup-
ler and splitter are used interchangeably, al-
though technically a coupler is used to join
two or more sets to one antenna, while a
splitter is used to combine the signals from
two or more antennas so that they can use a
single lead-in. The term coupler usually
means joining two units of the same type or
frequency, while splitter implies separation
of two different frequencies, or bands.

Splitters usually combine a low-pass filter
and a high-pass filter in a single unit. A split-
ter would be used, for example, where a
VHF antenna and a UHF antenna are
mounted together on the same mast or other-
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FLAT LINE

Fig. 25. Tubular line (right) keeps dust, soof de-
posits and water film (from rain, dew) out of field.

TUBULAR LINE

wise near each other, and there is no room
for separate lead-ins. A splitter is connected
to the two antennas and to the lead-in. A
second splitter is then connected between the
lead-in and the UHF/VHF antenna termi-
nals. Such a splitter is shown in Fig. 26. A
typical schematic is shown in Fig. 27. With
this arrangement, high-pass filters are con-
nected to the UHF antenna and the UHF
terminals on the set, while low-pass filters
are connected to the VHF antenna and the
terminals. UHF signals go through the high-
pass filters—to the lead-in from the UHF
antenna, and from the lead-in to the UHF-
antenna terminals, but they are blocked from
the VHF antenna and VHF-antenna termi-
nals by the low-pass filters. VHF signals are
passed by the low-pass fiters, but they are
blocked by the high-pass filters.

Instead of being designed to pass (or re-
ject) an entire band of frequencies, some
splitters pass one specific frequency or chan-
nel through one set of terminals, and all other
channels through another set of terminals. In
this case, a separate splitter must be used for
each specific channel. Such splitters consist
of a passband (or band pass) filter and a
channel trap (sometimes known as a stop-
band filter). The channel trap permits the
specific channel to pass, while rejecting all
other channels. The passband filter permits a
wide range of frequencies to pass.

Typical connections are shown in Fig. 28.
Here, a VHF antenna is included with UHF
antennas. A channel-19 splitter connects the
two UHF antennas, and then a UHF/VHF
splitter adds the VHF antenna to the system.

Matching Transformers. A matching
transformer is used between a 300-chm an-
tenna and a 75-ohm coaxial lead-in. Most
antennas are designed for 300-ohm imped-
ance. However, the 300-ohm antenna can be
matched to 75-ohm coaxial cable with one
matching transformer at the antenna end.

Then, the coaxial lead-in can be matched to
the 300-ohm input of the set, with another
matching transformer at the set end. Some
antennas are designed for 75-ohm imped-

Fig. 26. Splitter or coupler should be used when VHF
and UHF antennas share a single lead-in and roof mast.

OUTPUT TO LEAD-IN

HIGH_PASS | LOW PASS
r 2l — ml
TO UHF I TO VHF
INPUT INPUT

+—

Fig. 27. Coupler circuitry divides info low-pass and
high-pass filters used fo isolate UHF from VHF,

ance, so the matching transformer is re-
quired at the set end only when coaxial
lead-in is used. Some TV sets have provisions
for 75-ohm antenna inputs.

Amplifier or Booster. The terms amplifier
and booster are interchangeable. These units
amplify weak antenna signals before they
arrive at the set. There are two basic designs.

The indoor amplifier is a single unit
mounted on or near the set. The antenna
lead-in is routed to the amplifier input, and
the amplifier output is connected to the UHF
input terminals of the set. The amplifier is
plugged into an AC outlet. Once placed in
operation, the amplifier performs its func-
tion automatically; there are no operating
controls or adjustments. In fact, because of
their low power drain (usually 2 or 3 watts),
these amplifiers normally remain turned on
at all times.

The outdoor amplifier is divided into two
units: an amplifier (Fig. 29) mounted on the
antenna mast and a power supply mounted
on or near the set. The antenna is connected
to the input terminals on the amplifier. The
amplifier is connected to its power supply
through the lead-in, attached to its output
terminals and the power supply is connected
to the input terminals of the set. The power
supply requires 115 volts AC, and provides
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Fig. 28. Some signal strength may be lost in the
splitters and couplers—you may need a booster, or
separate lead-ins, to take care of signal losses.

the mast amplifier with reduced-voltage AC
(15 to 30 volts) through the lead-in. The
outdoor amplifier functions automatically,
without operating or adjustment controls.
The power supply remains on all the time.

In general, mast-mounted amplifiers pro-
vide more gain and have less of a noise prob-
lem than the indoor type. With either one,
any noise or interference picked up before
amplification will increase along with the
desired channel signals. Since the lead-in
from the antenna to the outdoor amplifier is
much shorter, the chance of noise being
picked up and amplified is lessened. Some
amplifiers serve the dual purpose of amplifier
and splitter, or amplifier and coupler.

There are many areas where the signal
strength is sufficient to drive a single set from
an antenna, but not two sets. Here an ampli-
fier-coupler combination will work nicely.
Where VHF and UHF signals both require
amplification the signals can be split in the
amplifier instead of using a separate unit.

Antenna Rotators. Rotators have long
been a popular antenna accessory in fringe
and deep fringe areas where the viewer had
to direct his antenna toward widely scattered
TV stations. With an increase in FM listen-
ing and need of exact antenna orientation
for FM stereo, and with the increasing num-
ber of UHF stations, suburbanites are using
rotators to great advantage. There are basic
types of rotators—automatic and manual.

The automatic rotator is very convenient:
set it to the channel you want and forget it.
The antenna will slowly and smoothly turn
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Fig. 29. Mast-mounted
outdoor amplifiers or
amplified couplers, like
these units by Jerrold )
and Lafayetfe Radio
Electronics (top). Mast-
mounted unit must have
an indoor confrol point
and power connection.

to face the desired station and stop. The
manual rotator demands your constant atten-
tion: you must keep your finger pressed
down on the control all the while the antenna
is turning. When the antenna is facing in the
desired direction, as indicated by a pointer
on the scale, you lift your finger and the
rotator stops. Some manual rotators do not
have direction indicators, and must be kept
going until the TV picture is clearest.

Oxidation Problem. Bare aluminum, ex-
posed to the air, quickly oxidizes. Over a long
period of time this grows into a thick coat
of aluminum oxide (an insulator), which
doesn’t permit all of the signal to be pulled
out of the air (by the antenna) to pass down
to the FM or TV receiver. Old, oxidized an-
tennas should be replaced. Oxidation is a
particularly acute problem along the sea-
coast where the moist air has a high salt con-
tent. Dust, as from cement and steel facto-
ries, is also bad for antennas. And so is soot
from on-the-chimney installations.

There is no sure cure for oxidation. If you
have a particular problem in your area, the
best bet is to use an antenna where the bare

" aluminum has been treated. The subject of

antenna metal finishes is highly controversial
—especially with the manufacturers. But cer-
tain facts are clear. Any finish is better than
bare aluminum. Basically, there are two fin-
ishes. One type makes the metal surface non-
conducting, while with the other finish the
aluminum remains a conductor. With the
nonconducting finish the area around the
terminals must be cleaned (by scraping)
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to make a good metal-tc-metal connection.

Selecting An Antenna. Here are some
final tips on selecting an antenna. The kind
of antenna system you want depends upon
the stations in your area. Many areas have
both VHF (Channels 2-13) and UHF
(Channels 14-83) stations at this time Other
locales have only UHF or VHF stations.

Courtesy Allied Radio Corp.

Corner reflector and bow-tie are popular UHF
anfenna—sturdy and fairly easy to manufacture.

However, many additioaal stations will
shortly be on the air, so it is important to
consider both your present and future needs.

If you use FM extensively, it is well to
remember that superior FM reception, using
the outdoor TV antenna, is a bonus of a
good home antenna system. This is particu-
larly true of FM stereo.

If you intend adding color TV to your
home system, you must have a good antenna
system that will provide strong signals. And
the antenna system must provide broad
enough frequency coverage to cover the en-
tire channel, as well as all channels. Some
antennas reject (or absorb) portions of a TV
signal. This may not be noticeable with
black-and-white signals, but it can kill color
TV. Color-TV signals are carried at the main
frequency and at another frequency—called
the color subcarrier. If both frequencies are
not delivered to the receiver with equal
strength, some colors may come in stronger
than others or worse still, you may lose a
color entirely. The results may range from
unreal colors to only partial color, in either
case not what you bargained for when you
bought your color-TV set. A carefully de-
signed color-TV antenna will pull in all fre-
quencies at full strength (fat response) for

better black-and-white and color reception.

The Economics. As with any purchase you
make, you get the best system for your TV
or FM dollar by paying for only those fea-
tures which are needed. A good example of
this is with lead-in wire. Coaxial cable has
excellent noise shielding properties; is less
prone to pick up undesired signals; and main-
tains its electrical characteristics better when
wet or near metal. However, these features
are only important in areas where signals are
weak, where electrical noise is high or where
cables are run near large metal objects.
Weigh these facts against the nearly two-
times-as-high cost of coaxial cable and re-
quired matching transformers before you de-
cide on the type of cable you want.

“How many sets must my antenna system
supply?” This is an important question be-
cause it is almost always possible to connect
all TV and FM sets in a home to a single
antenna system. In metropolitan and subur-
ban areas, this is often as simple as connect-
ing a multiset coupler between antenna and
sets. In fringe areas, an amplifier may also
be required.

Do you need an amplifier? 1f your antenna
doesn’t deliver enough signal, TV pictures
will be snowy, lack contrast, or exhibit other
reception problems. An amplifier will elim-

Courtesy The Finney Co.

Double reflection, from parabola to flat reflector,
ossures maximum pick up area to catch UHF signals.

inate this problem by increasing the signal’s
strength before it reaches the set. An ampli-
fier may also be required to provide enough
for several sets, even though the signal from
the antenna is adequate for one set. Many
amplifiers have built-in multiset couplers
which can provide signals for up to four sets.

Installation. The following installation
tips will aid you in making an installation of
professional quality.
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1. Wherever possible, the antenna should
be mounted above all local obstacles, such as
buildings or nearby trees. Use the height of
your neighbors’ antennas as a guide. The an-
tenna can be raised with special masts—
aluminum or steel tubing in five- and ten-foot
lengths which may be jammed together to
make as tall a tower as desired, but not to
exceed fifty feet, safely. High carbon steel is
stronger than aluminum and the new acrylic-
coated “dura-lube” steel is strongest yet. Alu-

Courtesy The Winegard Co.

Grouped "active” elements, in front of reflector, oll
feed signals to lead-in with this log-periodic unit.

minum will do for short masts five or ten
feet high, carrying suburban size antennas.
For high wind areas and heavy antennas,
steel is safer. Tubing comes in different
thicknesses or gauge, i.e., 18 gauge is thicker
than 16 and is recommended for heavy
loads. Pre-telescoped lengths with hardware
attached, that can pull out from 20 to 50
feet, are widely used.

2. The antenna should be mounted away
from power lines. Mount the antenna where
tree branches will not blow into it.

3. Check your local electrical code. Many
codes require that the antenna mast be
grounded.

4. One of the most popular, but not neces-
sarily the most convenient method of mount-
ing an antenna is to strap it to a chimney.
There are a wide variety of chimney strap
mounts into which the antenna mast fits. If
you do not have a chimney, do not despair,
there are special brackets for ridge roofs,
peak roofs, and flat roofs; for mounting an
antenna directly to the wall of a building or
under the eaves of a roof. Most of these
methods are gradually giving way to mount-
ing the antenna mast on a vent pipe that
extends through the roof. (Make sure that
the pipe is solidly attached to the house.)

SPRING-SUMMER, 1967

. 5. Support the antenna mast at a mini-
mum of two points. As a rule of thumb, at
least a quarter of the total mast length should
liethetween the two supporting points. Masts
over,10-15 feet requlre guy lines. Very tall
mastsineed double guymg That is, two com-
pletet sets of guy wires from different posi-
tionskalong the mast to anchor points on the
roof or ‘ground. One end of each guy wire is
fastened;to a hole in a ring that fits around
the mast'and is fastened to the mast with a
clamp. [The bottom end of each guy wire is
anchored' with an eyebolt or hooks. At least
three wires are needed to maintain equal
tension completely around the mast.

6. Guy‘ing is only as effective as the condi-
tion of the guy wires and anchor points.
Rusted or kinked guy wires are no protection
at all. Among the best types of guy wires are

L}
Courtesy The Wlinegard Co.

GOLD
VINYLIZED

4 i“\ \
POLAR CHART SHOWS NON-
DIRECTIONAL PATTERN.
NO ROTATOR NEEDED.
m— '

, GOLD ANODIZED

Turnstild FM antenna (top) has
a nearlyicircular pick-up pattern
—showniin polar chart. S-shaped
folded djpole has omni-direc-
tional pictup too.
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v

\
galvanized steel, alcad coated aluminum and
vinyl-coated galvanized steel The galvanized
coating protects the wire a Jainst corrosion,
while the vinyl coating addS\ weather protec-
tion and also prevents kinking and the for-
mation of “fishhooks” and {scales.

7. Be sure to use standoffs\for the lead-in.
If the lead-in flaps excessively, the wires in-
side the cable will break. In an apartment,
building, the simplest way toi»tun a cable is

)
R
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next to the line of windows. Since other
cables may also be mounted in this manner,
try to place standoffs so that your cable is a
minimum of six inches away from any
others.

8. Wherever possible, keep lead-in away
from metal surfaces, to reduce signal losses,
and the possibility of getting ghosts. Never
staple cables to the outside of buildings. Use
standoffs every 4 to 5 feet apart. Put a twist
in the wire every 3 to 5 feet for reduced
noise pickup. Keep the cable reasonably taut,
to prevent damage from abrasion (with the
building) and collision with other objects. In
areas near broadcast transmitters, use the
shortest possible horizontal cable runs. The
cable may be brought into the house by drill-
ing a hole and inserting a plastic form de-
signed for the purpose, or by filling the hole
with putty. Indoors use plastic cable clamps.

9. A simple lightning arrester should be
fastened to the downlead where it enters the
house. The arrester is then connected, with
solid aluminum ground wire, to a stake or
rod driven into the ground.

10. Raising an antenna ten feet can be as
effective as stacking an additional antenna
into an installation, particularly if the viewer
is located in a hilly area. That is why so
many ultra-fringe area viewers use towers for
their antennas. Stock towers are available
for heights up to about 60 feet.

11. When installing an antenna, there are
a few things you should do before you
scramble up onto the roof. First of course,
make sure you have all the parts and tools
you need. A screwdriver and pliers with wire
cutting jaws are all the tools you will need,
although a hammer and adjustable open-end
wrench may come in handy, as will an elec-
tric drill (V4-inch) for making the entrance
hole into-the house for the lead-in. A brace
and extra long bit may be needed to make a
hole through thick walls or window jambs.

12. Splices, even soldered ones on lead-in,
increase its resistance to sigral flow, so it’s
best to buy a little more wire than a rough
measurement indicated you will need from
antenna to set. If there is excess, you should
cut it off; don’t let it lie around in a coil be-
hind the TV set.

13. Start by assembling the antenna on

the ground. In most cases when you remove

the antenna from the box it will be folded up
like a collapsed umbrella. Just follow the di-
rections packed with the antenna.’

14. When using a chimney mount, sepa-

rate both straps so that one is near the top of

the chimney and the other is near the bot-
tom. Set up the eyebolts in the mount first
with the nut practically at the end of each
bolt, giving you lots of bolt to take up. Then
fit the strapping around, making sure that
there are no kinks in the strap and that each
strap follows the same row of brick all the
way around. Tighten the strap lock to hold
the free end of the strap—cut off excess.

15. Make certain to tighten all fastenings
on a flat or ridge roof mount. Loose fasten-
ings can lead to water leaks. It’s best to pour
sealer around the fastenings; any type of
flexible caulking will do.

16. With the mounts in place, fasten the
transmission line to the antenna terminals,
slip the mast with the antenna into the
mount, and tighten the mount’s U-bolts, but
leave some play so that the antenna can be
turned to face the TV stations.

17. To orient the antenna, fasten the lead-
in temporarily to the TV set and then turn
the antenna slowly until your helper (you
better have a helper) at the TV set tells you
that the picture is best. Lock the mast in this
position. Reception will probably be best
with the front of the antenna, the end with
the shorter elements, facing the station.

18. Make certain that the base of the mast
is not sitting directly on the roof, leave room
for the rain water going down inside the
base to escape at the bottom.

19. Snap a standoff insulator onto the
mast and fit the lead-in through it. Make
certain the lead-in is twisted a couple of
turns per foot. Crimp the head of the stand-
off insulator to hold the lead-in. When the
antenna is mounted on a rotator, enough
play will have to be left in the lead-in to
account for a 360° turn on the antenna. Use
as many standoff insulators as required to
control the lead-in so that it will not whip
about in the wind.

20. Make sure that the lead-in does not
run alongside or in signal-robbing gutters or
downspouts; when crossing such obstructions
use screw-in type standoffs to keep the wire
away from the metal. Where the lead-in en-
ters the house (through a hole in a window
jamb, masonry or a shingle wall), be sure
to leave a rain loop in the wire so that water
coming down the wire will drip off outside
the house and not enter. L]
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TV Set's Controls

Continued from page 48

from the center to the left or right side. Fig.
20 shows the effect of a misadjusted horizon-
tal linearity control. Note the elongated left
side of the picture compared with the right
side. To adjust the horizontal linearity con-
trol, rotate the shaft until the horizontal

You also know where to look for various
controls and have seen how the picture is
affected by improper adjustment of each con-
trol. With this information you should now
be able to adjust your set for the best possible
picture and sound. By doing this you can
save both money and wear and tear on the
nerves. You also will probably bring added
enjoyment to your whole family by enabling
them to view television without experiencing
the annoyance and frustration that is often
caused by an improperly adjusted set. a

Fig. 20. If right side of picture is squashed,
left side elongated, horizontal linearity is out.

radius of the picture from the center to the
left side is equal to the radius from the
center to the right side. In most cases it is
necessary to adjust the horizontal size con-
trol along with the horizontal linearity con-
trol.

Vertical Linearity Control. Fig. 21 shows a
picture in which the vertical linearity con-
trol is misadjusted. In this case the picture is
cramped from top to center while the bottom
half is elongated. To adjust the vertical line-
arity control, rotate the shaft until the picture
dimensions from top to center and from bot-
tom to center are the same. To do this it is
usually necessary to adjust the vertical line-
arity and vertical size controls alternately
until the picture is linear and fits the screen.

Buzz Control. Some late model, quality TV
receivers, such as the Conar Custom 70, have
a buzz control. This control is adjusted to the
position at which hum, or buzz, in the sound
is minimum.

Correct adjustment of the fine tuning con-
trol, the AGC, and Contrast Controls also
help eliminate buzz. These controls should be
checked first for proper adjustment, then the
buzz control should be adjusted for minimum
buzz.

You know now the controls found on a TV
receiver and what they are supposed to do.

SPRING-SUMMER, 1967

Fig. 21. This egg-shape distortion occurs when
the vertical linearity is out of adjustment.

Replacement Guide
Continued from page 40

the unit’s operation after replacement has
been made. If the unit works properly
without circuit parts overheating (cathode,
plate and screen resistors in particular) all
is well. However, if the unit does not func-
tion as it should, shows signs of overheating,
or pops fuses, forget the substitution and
obtain the exact replacement.

Note that some replacement parts are
starred(*). These tubes have different heater
currents than those they replace. Do not use
these tube types in sets that have series
connected filament circuits unless you have
added compensating resistors. In the case
of a tube drawing less filament current than
the one it is replacing, a resistor would have
to be placed in parallel with its filament
to make up the difference. And in the case
of a tube drawing more current than the one
it is replacing, suitable resistors would have
to be placed across the filaments of all other
tubes in the chain. [ ]
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Tune-Up Techniques
Continued from page 26

oscillator trimmer capacitors, there is an
oscillator coil slug. The alignment proce-
dure is the same as before—the trimmers
are adjusted for best signal at the high end
of the band. However, the “rocking” oper-
ation just described for a padder can also
be done. The generator and receiver are
tuned to 600 kHz and the coil slug tuned
for the operation. Again, the trimmers
should always be rechecked and touched up
(Fig. 11).

Auto Radio. Whether a car radio is tube
transistor, its front-end alignment follows
the same general steps. A notable feature
of the circuit is the absence of a large main
tuning capacitor. Since car radios operate
under tougher signal conditions, tuning is
most often achieved by slugs moving in and
out of coils. Known as permeability tun-
ing, the technique is superior to the vari-
able capacitor method in that better sensi-
tivity and selectivity are attained throughout
the band.

A typical car radio front-end appears in
Fig. 12. The three slugs (cores) L1 through
L3 are the variable tuning elements; they
move in and out of the antenna, RF, and
oscillator coils as the dial is tuned (or push-
buttons depressed). Each coil is fitted with
a trimmer capacitor for alignment and these
are adjusted for the high end of the band.
Tracking at the low end of the band is
achieved by adjusting the slugs. Though they
are moved by the tuning knob, it is also

o]

Fig. 11. RF and oscillator trimmers on tran-
sistor sets are occasionally hard to find,
but they must be sought out and adjusted.
Trimmers (indicated by pointer) for this
set appear on main tuning capacitor.

possible to make small alignment adjust-
ments by inserting a tool into access holes
provided on the chassis.

Roll Your Own. Some familiarity with
these basic alignment circuits and tech-
niques, coupled with practical experience,
proves that tuning a superhet can be done
quickly. Since no general outline can cover
all special cases, it's best to secure the
manufacturer’s schematic of the particular
set you are about to tackle. It should sum-
marize the recommended alignment steps and
it should also point out any peculiarities of
his receiver. ]

ALIGNMENT POINTS

TRIMMER

=\ c

18T IF
TRANS,

CONVERTER
R 262 kHz

TRIMMER [ ] TUNED AT HIGH END OF BAND (1620 kHz)
coi. (O TUNED AT LOW END OF BAND (600 kHz)
Fig. 12. Front-end alignment of a car radio requires only two generator frequencies—600

kHz and 1620 kHz. However, antenna trimmer (C1) is ideally adjusted for maximum signal
with radio installed, antenna connected, and dial tuned to any station near 1400 kHz.
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Tips from a
Technician’s
Notebook

Shortcuts—developed, and used,
by our readers—to make your
servicing and troubleshooting
easier and more professional.

/

MIDGET EXTENSION LIGHT

]

B Almost daily there is a need for a tiny
extension light for seeing in close quarters.
Such a light can be easily made that will be
self-supporting in two ways if this is desir-
able. Fasten a miniature lamp socket to one
side of a spring-type clothespin. To the other
side of the clothespin attach the magnet ele-
ment from an automatic can opener. The
light is complete for connecting to a battery
power source. Connect alligator clips to the
long lamp leads so they may connect to bat-
tery or 6.3-volt AC filament transformer.
The magnet will cling to iron tools for extra
reach.

EMERGENCY COUPLER
HAS ZERO BACKLASH

B A one-inch length of automobile wind-
shield wiper hose can be used as a quick, in-
expensive ¥4 "-to-¥4" shaft coupler for radio
and other electronic gadgets. While not in-
tended to replace conventional couplers
which employ set screws, the hose does grip
the shafts with surprising tenacity, making
it handy in an emergency or in experimental

breadboards. A 3- to 4-inch length of hose
makes a good flexible coupler for connect-
ing the shaft of a variable component to a
knob shaft when the two shafts are out of
line up to 45 degrees from each other—back-
lash is practically nil.

Other uses for the hose include couplers
for small electric motors, Veeder-Root coun-
ters—in fact, anywhere Va-inch shafts are
used, and the load requirements are mod-
erate.

DISCARDED PORTABLE BECOMES TEST SPEAKER

OUTPUT OUTPUT
TRANS.JACK  TRANS.

;

B If you own an old tube-type radio portable
that’s ready for the garbage can, you’re in
for a windfall by simply converting it to a
portable test speaker. Scrap all of the set’s
guts except the PM speaker and output trans-

VO CE COIL
JACK

100

former. Now scrounge up open-circuit and
closed circuit phone jacks (see schematic dia-
gram), phone plug, wire, and two alligator
clips with rubber sleeve insulators. Wire up
the portable case as shown in the schematic
diagram and label the cabinet’s front panel
so you will know which jack is which. Now
wire up a patch cord using 3 feet of rubber
test lead lengths to the phone jack and install
the alligator clips to the wire’s free ends.
Now you can connect the test set to speaker
terminals or into audio plate circuits. L]
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computer circuits. Approved by
major manufacturers.

sk NOTE: You must pass your FCC License exam (any Communications course) OTHER

or NRI refunds in full the tuition you have paid.

EARN YOUR FCC
LICENSE OR YOUR
MONEY BACK

FILL 0UT

AND MAIL
POSTAGE-FREE
CARD

@&

/

SIDE

[—————————— e —

FIRST CLASS
PERMIT
NO. 20-R
W ashington, D.C.

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

TRAIN UNDER NEW GI BILL.
It you served since Jan. 31, 1955,
or are in service now, check Gl
line in postage-free card. I

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenue
Washington, D.C. 20016
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BUILD YOUR OWN

llL(lR

ONLY NRI

GIVES YOU
YOUR OWN
COLOR KIT

Discover the Eseand Excitement of Learning
TV-Radio, Electronics at Home with NRI

Begin now an exciting adventure. NRI—the home-
study school that pioneered l2arn-by-doing training
kits is now first to bring you COLOR TV training
equipment. Learn Color TV Servicing by building
your own high-quality Color set. You get ‘“‘on-the-
job’" experience as you train. Your family enjoys
the thrills of vibrant color shows for years to come.
And, thanks to NRI training, you can do your own
servicing —no costly service contract.

Earn $4 to $6 an Hour Extra Spare Time

Color TV is booming. Set sales exceed 5,000,000 a
year now. 10-million-color-set years are predicted
soon. And 609% of color set owners also own black-
and-white sets. TV Technicians are in demand now
to serve this giant, money-making, growing market.
NR! shows you how to cash in on Color TV: how

<A SEE OTHER SIDE

NATIONAL RADIO INSTITUTE, ELECTRONICS DIVISION

WASHINGTON, D.C. 20016

to earn $4 to $6 an hour extra in spare time while
learning; how to be your own boss in a full-time
Radio-TV Servicing business, or qualify quickly for
jobs in the fascinating fields of broadcasting/com-
munications, industria! electronics, automation and
space projects.

Act Now to Move Ahead

NRI offers you a choice of 12 different training
plans, designed for people with all kinds of inter-
ests, all levels of education. Courses are described
briefly on the other side of this page. To find out
how you can be a part of the Electronics Age, mail
postage-free card for free NRI color catalog. Don't
delay. Electronics and Color TV need you now.
NATIONAL RADIO INSTITUTE, Electronics Div.,
Washington, D.C. 2C016. No salesman will call.

 4PICK YOUR

108 AND DUSINES S
OPPORTUMITIES 1
FLCTROMCS I
2 COMMYNIC 11085
7027 B RADIO TEL1VISION ’,

FIELD ang

mail postage-free
card for free
color catalog

Please send me your new color Catalog. ! have checked
the field(s) of most interest to me. (No obligation. No
salesman will call.)

O Electronics for Automation
{0 Aviation Communications
] Marine Communications

[J Mobile Communications

[J Electrical Appliance Repair
[J Electronics for Printers

] Check for facts on New Gl Bilt

[ Television-Radio Servicing
[ Industrial Electronics

[0 Complete Communications
[J FCC License

[0 Math for Electronics

[0 Basic Electronics

neri
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