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TYPICAL COMPONENT TYPES

This chart is a guide to commonly used types of elec- tions should prove helpful in identifying most parts and
tronic components. The symbols and related illustra- reading the schematic diagrams,
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INTRODUCTION

The Heathkit Model GR-104 Portable Television
Set is a truly portable, assemble-it-yourself,
quality TV receiver witha 74 square inchpicture
on a 12" (overall diagonal measure) cathode
ray tube,

This TV Set will operate from 105-125 volt AC
power, from a 12 volt automobile or boat battery,
or from a Battery Pack Accessory, Model
GRA-104-1, which is available from Heath
Company,

Two printed circuit boards and two preassem-
bled, prealigned tuners make the assembly of
this TV Set quite easy, The hinged, swing-out
chassis simplifies servicing, should the need
arise,

Twenty-four transistors, thirteen diodes, andan

integrated circuit that consists of twelve tran-.

sistors, twelve diodes, and fifteen resistors,
operate the TV Set with a minimum of heat dis-
sipation and power consumption, This makes
battery operation very economical,

A battery charging circuit is included with the
Battery Pack Accessory, When this Battery

HEATIHEITY

is connected to the TV Set and the line cord is
plugged into the AC power line, the battery
automatically begins to recharge as soon as the
Off-On switch is turned off,

Two thermal circuit breakers protect the set
from overload and eliminate the need for fuses,
The regulated low voltage power supply, which
gives constant voltage under varying source and
load conditions, helps produce a stable, clear
picture on the screen,

Three video IF stages, gated AGC, VHF and UHF
tuners for reception of channels 2 through 83,
and many other features, make the Heathkit
Model GR-104 one of the finest portable Tele-
vision Sets available,

NOTE: This manual uses the new IEEE (Insti-
tute of Electrical and Electronic Engineers)
and international standard term “hertz' as the
basic unit of frequency, The terms are used as
follows:

Hz (hertz) = cps (cycles per second).
kHz (kilohertz) = k¢ (kilocycles per second).
MHz (megahertz) = me (megacycles per second).
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UNPACKING

The Television Set packaging consists of the
large shipping carton, which contains smaller
packages and a number of loose parts, Some of
the smaller packages have numbers 1 through 3
stamped on them, After these three numbered
packages have been removed from the large
carton, the remaining parts will be considered
to be package #4,

You will be directed to open each of these pack-
ages as they are needed, Each of the three as-
sembly sections of the Manual containg its own
Parts List and Step-By-Step instructions, At the
beginning of each Parts List you will be told
which numbered package to open., You will also
be directed to remove the parts from package

HEATHEIT®

#4 that are required to complete that assembly
section,

To avoid intermixing parts, donot openanyof the
parts packs until directed to do so at the be-
ginning of one of the Parts Lists, Anypart that is
packaged in an individual envelope with a part
number on it, should be placed back in its en-
velope after it is identified, until that part is
called for in a step,

Refer to the "Kit Builders Guide' for additional
information on unpacking, parts identification,
tools, wiring, soldering, and step-by-step as-
sembly procedures,
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AUDIO-VIDEO CIRCUIT BOARD

PART PARTS
No, Per Kit

PARTS LIST

Unpack the package marked 1, Check each part
against the following Parts List, The numbers in
parentheses are keyed to the numbers on the
Audio-Video Circuit Board Parts Pictorial (fold-

out from Page 19).

DESCRIPTION

RESISTORS

1/2 Watt
1-129
1-41
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4,7 Q (yellow-violet-gold)
10 £ (brown-black-black)
47 Q (yellow-violet-black)
100 @ (brown-black-brown)
240 Q (red-yellow-brown)

330 Q (orange-orange-brown)

390 © (orange-white-brown)
470 Q (yellow-violet-brown)
560 © (green-blue-brown)
680 @ (blue-gray-brown)
820 @ (gray-red-brown)
1000 @ (brown-black-red)
1200 Q (brown-red-red)
1500 € (brown-green-red)
1800 @ (brown-gray-red)
2200 Q (red-red-red)

2700 @ (red-violet-red)
3900 Q@ (orange-white-red)
4700 @ (yellow-violet-red)
5100 Q (green-brown-red)
6800 Q (blue-gray-red)

10 K€ (brown-black-orange)
15 KQ (brown-green-orange)
22 KQ (red-red-orange)

PART PARTS DESCRIPTION
No, Per Kit

1/2 Watt (cont'd.)

1-115 4 47 KQ (yellow-violet-orange)
1-47 1 56 K2 (green-blue-orange)
1-60 1 68 KQ (blue-gray-orange)
1-102 1 82 KQ (gray-red-orange)
1-126 1 180 KQ (brown-gray-yellow)
2 watt

2)*3B-5 2 2.2 Q (red-red-gold)
1B-17 1 6800 2 (blue-gray-red)

*NOTE: Resistors that have a part number be-
ginning with 3B- are 2 watt wire-wound re-
sistors, but are the same size as 1 watt
composition resistors,

CAPACITORS

Disc
(3)21-33 28 3.3pf
21-78 2 5 pf
24-115 1 9 pf
21-14 1 .001 pfd
21-25 1 ,0013 pfd (1300 pf)
2127 7 ,005 ufd
21-16 3 01 pfd

HEATHEITY
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PART PARTS DESCRIPTION
No, Per Kit
Resin

(4) 20-52 2- 7.5 pf
20-130 2 12 pf
20-118 1 15 pf
20-100 1 30 pf
20-96 1 36 pf
20-119 2 90 pf
20-102 1 100 pf
20-114 1 270 pt
Mylar*

NOTE: These capacitors may be color coded,
or the value may be printed on them, If nec-

essary, refer to the capacitor color code chart
and example (fold-out from Page 19) to help you

identify these capacitors,

PART PARTS
Per Kit

No,

DESCRIPTION

Choke-Transformers

(11)45-57 . 10 ph filter choke (brown-
black-orange)
(12)52-93 1 Video detector transformer
(clear form)
(13)52-94 1 Sound take-off transformer
53-10 1 4,5 MHz ratio detector trans-

former

DIODES-TRANSISTORS

(14)56-20 ~1 1N295 crystal diode (red,
white, green)
56-26 1 1N191 crystal diode (brown,
white, brown)
(15)417-119 1 CA3013 integrated circuit
(16) 417-105 1 SE5023 transistor
417-106 1 SE5024 transistor

(5)27-47 3 .1 pfd (brown-black-yellow)
27-60 2 .22 pfd (wide red band-yel-
low)
Electrolytic
{6) 25-123 1 2 pfd
(7) 25-115 1 10 pfd
25-117 2 100 pfd
25-160 2 250 pfd

NOTE: The following transistors may appear
as any one of the three types of transistors
illustrated in the chart on the Parts Pictorial,
When identifying each transistor, look for the
part number or type number printed onthe case,
EXAMPLE: Transistor number 417-107 may be
marked 417-107, SE5025, or 417-107/SE5025

- (or in this last case, where417-107 isalso on the

transistor, another number may be used in
place of SE5025).

COILS-CHOKE-TRANSFORMERS
Coils

NOTE: Do not remove any coils from their

envelopes until they are called for in the as-
sembly steps,

(8)40-485 2 250 ph peaking coil (red-
green, brown)

(9)40-581 -2 620 ph peaking coil (blue-

' red, brown)

(10)40-794 -1 4,5 MHz trap

40-751 1 47,25 MHz coil (red form)

40-752 1 39,75 MHz coil (brownform)

40-753 1 First video IF transformer
(orange form)

40-754 1 Second video IF transformer
(yellow form)

40-755 1 Third video IF transformer

* Du Pent Registered Trademark

(green form)

(17 417-107 -1 SE5025 transistor
(18)417-115 1 2N3923 transistor
(19)417-108 3 2N3692 transistor
(20)417-109 1 2N3566 transistor
(21)417-110 1 32090 transistor
(22)417-1186 1 52091 transistor
MISCELLANEQUS
(23)10-200 1 2000 € (2 K) control (AGC)
(24)206-207 1 Small IF shield
206-205 1 Large IF shield
(25)215-18 1 Heat sink

ITEMS FROM PACK #4

85-150P322P349
1 Audio-video circuit board

344-58 -1 Gray hookup wire

346-1 1 Black sleeving

331-6 Solder

597-308 1 Kit Builders Guide

595-828 1 Manual

597-186 -1 Picture tube warranty card

(inserted into this Manual)
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STEP-BY-STEP ASSEMBLY

AUDIO-VIDEO CIRCUIT BOARD
(#85-150P 322P 349)

Before you start the circuit board assembly be
sure to read the Circuit Board Parts Mounting
and Soldering sections (Pages 11, 12, and 13)
of the Kit Builders Guide,

Position the audio-video circuit board on your
work surface as shown in Pictorial 1-1, Then
complete each step on the Pictorial, Resistors

will be called out by only the resistance value
(in € or KQ) and color code, Use 1/2 watt re-
sistors unless directed otherwise in a step.
Capacitors will be called out by only the capaci-
tance value (in pf or pfd) and type (disc, resin,
Mylar, or electrolytic),

Use hookup wire of the color specified when
wire is called for in a step, Cut the wires to
the proper length and remove 1/4" of insu-
lation from each end, Position each wire as
shown,
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START

. o

() 47 Q (yellow-violt?t-bla,ck).

() 47 KQ (yellow-violet-orange).

(

)

22 KQ (red-red-orange).

(

)

10 K (brown-black-orange),

68 K@ (blue-gray-orange),

2700 Q (red-violet-red),

390 Q (orange-white-brown),

100 2 (brown-black-brown),

6800 © (blue-gray-red),

100 @ (brown-black-brown),

560 2 (green-blue-brown),

680 @ (blue-gray-brown),

4" gray hookup wire,

250 ph peaking coil (red-green-

brown), ™~

620 ph peaking coil (blue-red-
brown), Insert the longestleads
into the circuit board,

-

—

Solder all leads to the foil and
cut off the excess lead lengths,

2200 9 (red-red-red),

e

1000 & (brown-black-red).

3900 © (orange-white-red),

1200 Q@ (brown-red-red),

47 @ (yellow-violet-black),

—

6800 & (blue-gray-red) 2 watt,

—

4" gray hookup wire,

180 K& (brown-gray-yellow).

10 © (brown-black-black),

820 Q (gray-red-brown}.

—

Solder all leads to the foil and

cut off the excess lead lengths,

PICTORIAL 1-1

() 15 K@ (brown-green-orange),

—
—

2200 Q (red-red-red),

—
—

1500 © (brown-green-red).

(. ) 56 KQ (green-blue-orange),

() 10 & (brown-black-black).

(.) 4700 @ (yeilow-violet-fed).

() 4700 9 (yellow-violet-red).

() 47 K@ (yellow-violet-orange).

) 1500 @ (brown-green-red),

{ ) 10 @ (brown-black-black).

() 10 © (brown-black-black).

() Solder all leads to the foil and
cut off the excess lead lengths,

(.} 1800 Q (brown-'gray-fed).

( ) 5100 @ (green-brown-red),

{ ) 330 @ {orange-orange-brown).

() 47 KQ (yellow-violet-orange),

) 470 @ {yellow-violet-brown),

() 6800 Q (blue-gray-red),

() 4,7 2 (yellow-violet-gold),

() 82 KQ (gray-red-orange).

() 2,2 @ (red-red-gold) 2 watt,

() 47 KQ (y-ellow_violet-orange).

() 240 Q (red-vellow-brown),

() 2,2 @ (red-red-gold) 2 watt,

—
—

Solder all leads to the'foil and
cut off the excess lead lengths,

PROCEED TO PICTORIAL 1-2.
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NOTE: When installing each transistor’in the
following steps, look for the part or type num-
ber printed on the case,

EXAMPLE: Transistor 417-108 may be marked
417-108, 2N3692, or 417-108/2N3692 (or in
this last case, where 417-108 is also on the
transistor, another number may be used in
place of 2N3692).

Then refer to drawings A, B, or C (fold-out from
Page 11), These drawings showhow to install the
transistors, in Pictorial 1-2, When you install
a transistor, follow the instructions in the
drawing (A, B, or C)thatphysically corresponds
to that particular type of transistor,

START

o

( ) Install transistor Q107 (#417-
108,/2N3692).

Install transistor Q106 (#417-
108,/2N3692),

—
—

( ) Install transistor Q103 (#417-
107/SE5025),

() Install transistor Q104 (#417-
108/2N3692),

( ) Install transistor Q109 (#417-
-109/2N3566),

( ) Install transistor Q105 (#417-
115/2N3923),

Install transistor Q111 (#417-
116/52091).

—_—
—

( ) Install transistor @110 (#417-
110/82090),

(/) Make sure all connections are
soldered,

PICTORIAL 1-2

i
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START @

Install the integrated circuitat Q108
as follows:

@ Bend all leads out to form a
3/4" circle,

1/8"
T

LOCATING
TAB

®

Bend the end of each lead so that
it points straight up as shown,

L)

© Line up the locating tab of the
integrated circuit with the out-
line of the tab on the circuit
board, Insert lead 10 (the one
nearest the locating tab) into the
hole at the tab and then insert
the remaining leads into their
correct holes,

@ Hold the integrated circuit in
place and turn the circuit board
over, First solder lead 10 to the
foil, and then the remaining nine
leads, Make sure lead 10 pro-
trudes through the board far
enough to make a good solder
connection to the foil, NOTE:
It is not necessary to bend the
leads over or clip off the excess
leads after soldering them,

s

/
CONTINUE >

NOTE: Install the next two tran-
sistors in the following manner,
as shown: First, line up the locat-
ing tab of the transistor with the
outline of the tabon the circuit board,
Then insert the transistor leads into
their correct holes, which are indi-
cated by S, C, B, and E, Position the
transistors 1/4" away from the cir-
cuit board, and then solder the leads
to the foil, Cut off the excess lead
lengths after soldering them,

LOCATING
TAB

() Install transistor Q101 (#417-
105/SE5023).

(v} Install transistor Q102 (#417-
106/SE5024),

PICTORIAL 1-3

PROCEED TO PICTORIAL 1-4.

®

Install the transistor in the following manner,
as shown: First, line up the locating tab of
the transistor with the outline of the tab on
the circuit board, Then insert the transistor
leads into their correct holes, which are in-
dicated by C, B, and E, Position the transistor
1/4" away from the circuit board, Solder each
lead to the foil and cut off the excess lead

lengths,

(B

Install the transistor in the following manner,
as shown: First note the wide space on the
circuit board between letters C and E, Line up
the wide space between the transistor leads
with the wide space on the circuit board, Then
insert the transistor leads into their correct
holes, which are indicated by C, B, andE, Posi-
tion the transistor 1/4" away from the circuit
board, Solder each lead to the foil and cut off
the excess lead lengths,

©

Install the transistor in the following manner, as
shown: First, note the wide space on the circuit
board between letters C and E, Line up the flat
side of the transistor with this wide space,
Then insert the transistor leads into their cor-
rect holes, which are indicated by C, B, and E,
Position the transistor 1/4'" away from the cir-
cuit board, Solder each lead to the foil and cut
off the excess lead lengths,




®

Install the transistor in the following manner,
as shown: First, line up the locating tab of
the transistor with the outline of the tab on
the circuit board, Then insert the transistor
leads into their correct holes, which are in-
dicated by C, B, and E, Position the transistor
1/4" away from the circuit board, Solder each
lead to the foil and cut off the excess lead
lengths,

LOCATING.
TAB

Install the transistor in the following manner,
as shown: First note the wide space on the
circuit board between letters C and E. Line up
the wide space between the transistor leads
with the wide space on the circuit board, Then
insert the transistor leads into their correct
holes, which are indicated by C, B, andE, Posi-
tion the transistor 1/4" away from the circuit
board, Solder each lead to the foil and cut off
the excess lead lengths,

©

Install the transistor in the following manner, as
shown: First, note the wide space on the circuit
board between letters C and E, Line up the flat
side of the transistor with this wide space,
Then insert the transistor leads into their cor-
rect holes, which are indicated by C, B, and E,
Position the transistor 1/4'" away from the cir-
cuit board, Solder each lead to the foil and cut
off the excess lead lengths,
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[

1N191 crystal diode, #56-26,
(brown-white-brown). Position
the banded end as shown, NOTE:
Do not confuse the banded end
with the copper colored wire
that is visible inside the diode,

& <w o)

CONTINUE <>

(A 9 pf disc.

(/) 7.5 pf resin.

(v) 15 pf resin.

/ (4 100 pf resin,

()

36 pf resin.

)

2000 @ control (#10-200). Push
the control firmly against the
circuit board and then solder
the lugs to the foil,

NOTE: The Mylar capacitors may
either be color coded or marked with
a value,

(V)

.1 pfd Mylar (brown-black-yel-
low).

(V)

.1 pfd Mylar (brown-black-yel-
low).

(V)

.1 pfd Mylar (brown-black-yel-
low).

(J)

.22 pfd Mylar (wide red band-
vellow),

(/)

270 pf resin,

(/)

.0013 pufd (1300 pf) dise,

.001 pfd disc,

30 pf resin,

005 ufd dise,

5 pf dise,

250 1h peaking coil (red-green-
brown).

620 ph peaking coil (blue-red-
brown). Insert the longest leads
into the circuit board,

,01 ufd dise,

Solder all leads to the foil and
cut off the excess lead lengths,

PICTORIAL 1-4

(¥ .005 ufd disc,

(+) 3.3 pf dise,

() 12 pf resin.

(/) .005 ufd disc.

(¥) 90 pf resin,

(/) .005 pfd disc,

(/) 3.3 pf disc.

() Solder all leads to the foil and
cut off the excess lead lengths,

() ,01 pfd disc,

(/) .005 ufd disc,

(/) 12 pf resin,

(V) 90 pf resin,

() .005 pid disc,

(/) 7.5 pf resin,

(¥) 1N295 crystal diode, #56-20,
(red-white-green), Use 1/2" of
small sleeving on each diode
lead, Position the banded end as

() ,01 pfd disc,

(v) 5 pf disc,

(/) 10 ph filter choke (#45-57).

(\) 005 pfd disc,

(/) .22 pfd Mylar (wide red band-
yellow),

Solder all leads to the foil and
cut off the excess lead lengths,

(x

—

PROCEED TO PICTORIAL 1-5.
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NOTE: After installing each of the
following components, turn the cir-
cuit board over and golder eachlead
to the foil, Then cut off the excess
lead lengths,

-

CONTINUE <+

(.) 2 ufd electrolytic, NOTE: When
' mounting electrolytic capaci-
tors, always match the positive

(+) mark on the capacitor with

the positive (+) markonthe cir-
cuit board, 5

-| against the circuit board and solder

Install the parts in the next six steps
as follows: Line up the cutout onthe
part with the outline of the cutouton
the circuit board, Thenpush the part

() 100 pfd electrolytic,

POSITIVE
{+] LEAD

( ) First video IF transformer,
#40-753, (orange form).

(.) 47.25 MHz coil, #40-751, (red
form),

—
—

39.75 MHz coil, #40-752, (brown
form),

—
—

4,5 MHz ratio detector trans-
former (#53-10),

(-

—

Second video IF transformer,
#40-754, (vellow form).,

( ) Third video IF transformer,
#40-755, (green form),

(1) Video detector transformer
(#52-93).

( ) Large IF shield, Solder the lugs
to the foil, NOTE: Disregardthe
metal strap fastened to the
shield, :

() Sound take-off transformer
(#52-94), Matchthe wide-spaced
transformer lugs with the wide
spaced circuit boardholes, Then
install the transformer, Be
careful not to pinch the hookup
wire between the transformer
and the circuit board,

(- ) 100 pfd electrolytic,

() 10 pfd electrolytic,

{.) 250 pfd electrolytic,

() 250 pfd electrolytic,

NOTE: The coils and transformers
which are mounted in the following

Therefore, do not turn the adjust-
ment slugsthat are located inside the
coils, move any parts connected to
the coils, or move the coils of wire
which are wrapped around the coil
form,

(.) Push the heat sink over the

steps are preset at the factory,} ,'

transistor, If it fits loosely, re-
move the heat sink and squeeze
it together slightly, Also, make
sure it does not touch any metal
parts on the circuit board, Then
position it between the two up-
right capacitors as shown,

—
—

(,) 4,5 MHz coil (#40-794),

S

(v ) Small IF shield, Be careful not
to pinch the hookup wire between
the shield and circuit board, Sol-
der the lugs to the foil,

Carefully inspect the foil side of
the circuit board and solder any
connections that might have
been missed, Then set this cir-
cuit board aside temporarily.

PICTORIAL 1-5

FINISH



SYNC-SWEEP CIRCUIT BOARD

PARTS LIST

Unpack the package marked 2, Check each part
against the following Parts List, The numbers
in parentheses are keyed to the numbers on the
Sync-Sweep Circuit Board Parts Pictorial (fold-
out from Page 19),

PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No, Per Kit No. Per Kit
2 Watt
RESISTORS (2)3B-7 1 1 @ (brown-black-gold)
-;/2 Watt 3B-5 1 2.2 9 (red-red-—gold)
(1)1-1 3 47 © (yellow-violet-black)
1-83 1 56 © (green-blue-black) CAPACITORS
1-3 1 100 @ (brown-black-brown)
1-111 1 150 © (brown-green-brown) Disc
1-112 1 180 @ (brown-gray-brown) (3)21-14 3 001 pfd
1-45 2 220 @ (red-red-brown) 21-26 1 ,003 ufd
1-42 1 270 § (red-violet-brown) 21-27 2 005 ufd
1-94 -1 390 @ (orange-white-brown) 21-31 2 .02 pfd
1-6 1 470 Q (yellow-violet-brown)  21-48 2 .05 ufd
1-119 2 560  (green-blue-brown)
1-79 1 820 Q (gray-red-brown) Mylar
1-9 4 1000 © (brown-black-red)
1-11 1 1500 @ (brown-green-red) NOTE: These capacitors may be color coded, or
1-44 1 2200 © (red-red-red) the value may be printed on them, If necessary,
1-14 1 3300 © (orange-orange-red) refer to the color code chart and example on
1-16 3 4700 Q (yellow-violet-red)  fold-out with Parts Pictorial to help identify
1-18 1 5600 Q (green-blue-red) these capacitors,
1-51 1 6800 ©Q (blue-gray-red) (4)27-63 1 022 ufd (wide red band-
1-73 1 8200 © (gray-red-red) orange)
1-20 4 10 KQ (brown-black-orange) 27-64 1 ,033 ufd (wide orange band-
1-69 1 18 KQ (brown-gray-orange) orange)
1-26 2 100 K (brown-black-yellow) 27-39 1 12 ufd (brown-red-yellow)
1-68 1 820 KQ (gray-red-yellow) 27-60 3 .22 pfd (wide red band-yellow)

HEATEIIXIT®
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PART PARTS

DESCRIPTION ~
No, Per Kit . :

Mylar (cont'd.)

PART PARTS DESCRIPTION

No. Per Kit

Diodes- Transistor s (cont'd.) -

27-61 1 .47 pufd (yellow-violet- (13)56-26 1 1N191 crystal diode (brown-
yellow) .~ white-brown)
27-62 1 .68 pufd (blue-gray-yellow) (14)56-35 1 Dual crystal diode (1N4951
marked on part) =
Electrolytic (15)57-27 1 750 milliampere szhcon
diode
5)25-115 2 10 pfd .
( )25 117 1 100“,U.fd_ {8 57-46 1 Silicon diode (number
25-160 2 250 pfd marked on part)
25-148 2 1000 pfd
(6)25-147 1 10 pfd 150 V .
(7)32'1221, i ég “‘ig’ EZﬁtgiummn NOTE: Each of the following transistors may
E HekGs look like any one of thetransistorsillustratedin
Other the chart onthe Parts Pictorial, When identifying
each transistor, look for the number printed on
(B)29-1 k 2900 piipolystyene the case, EXAMPLE: Transistor 417-108 may be

CONTROLS-TRANSFORMERS

500 Q control (vertical Lin-
earity and Low Voltage)

10 KQ control (vertical
Height)

(9)10-171 2
10-201 |

(10) 40-757 1
tor transformer
Horizontal driver trans-
former

{11)51-137 1

DIODES-TRANSISTORS

Zener diode (may appear in

(12) 56-16 1
one of three ways, as shown)

(16)417-108
Horizontal blocking oscilla- (17)417-109
(18)417-114
(19)417-1186

marked 417-108, 2N3692, or 417-108/2N3692
(or in this last case, where 417-108 is also on
the transistor, another number may be used in
place of 2N3692)

2N3692 transistor
2N3566 transistor
2N3567 transistor
S2091 transistor

LN

ITEMS FROM PACK #4
85-151P323P350

1 Sync-sweep circuit board
344-58 1 Gray hookup wire
331-6 Solder
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STEP-BY-STEP ASSEMBLY

SYNC-SWEEP CIRCUIT BOARD
(#85-151P323P350)

Position the sync-sweep circuit board on your
work surface as shown in Pictorial 2-1, Then
complete each step on the pictorial,

START
)

NOTE: In this Pictorial the circuit l UPPER HALF I

board is shown in two views, upper

CONTINUE

~

) 100 KQ (brown-black-yellow),

half and lower half,

(/) 5600 5(green-b1ue-red).

Py

} 1000 © (brown-black-red),

} 56 @ (green-blue-black),

() 1000 © (brown-black-red),

) 1000 & (brown-black-red),

('} 4700 Q (vellow-violet-red).

( ) 270 @ (red-violet-brown),

(/) 100 Q (brown-black-brown),

()22 @ (red-red-gold) 2 watt,

(/) 3300 © (orange-orange-red).

() 8200 Q (gray-red-red).

{ ) 820 K (gray-red-yellow).

{ ) 1500 @ (brown-green-red).

(/) 10 K (brown-black-orange).

() 3-1/2" gray hookup wire,

{ ) Solder all leads to the foil and
cut off the excess lead lengths,

() 4700 © (yellow-violet-red).

() 560  (green-blue-brown),

() 10 KQ (brown-black-orange).

() 47 @ (yellow-violet-black).,

(/) 8800 @ (blue-gray-red).

(/) 150 @ (brown-green-brown).

) 10 KQ (brown-black-orange),

) 4700  (yellow-violet-red),

) 18 K (brown-gray-orange),

} 1 © (brown-black-gold) 2 watt,

) 820 @ (gray-red-brown),

) 220 2 (red-red-brown),

.} Solder all leads to the foil and

cut off the excess lead lengths,

) 10 Kf (brown-black-orange),

) 1000 (brown-_black-red).

) 47 @ (yellow-violet-black),

} 470 & (yellow-violet-brown),

) 390 @ (orange-white-brown),

) 2200 @ (red-red-red).

) 220 © (red-red-brown),

) 100 K@ (brown-black-yellow),

) 47 Q@ (yellow-violet-black).

(/) 180 @ (brown-gray-brown),

(/) 560 Q (green-blue-brown).

( ) Sclder all leads to the foil and
cut off the excess lead lengths,

PICTORIAL 2-1

} Solder all leads to the foil and
cut off the excess lead lengths,

PROCEED TO PICTORIAL 2-2,
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NOTE: When installing each transistor in the
following steps, look for the part or type num-
‘ber printed on the case,

EXAMPLE: Transistor 417-108 may be marked
417-108, 2N3692, or 417-108/2N3692 (or in
this last case, where 417-108 is also on the
transistor, another number may be used in
place of 2N3692).

START

b

(. ) Install transistor Q205 (#417-
116/82091).

{ ) Install transistor Q204 (#417-
116/S2091),

(- ) Install transistor Q201 (#417-

Then refer to drawings A, B, or C (fold-out from
Page 12), These drawings show how toinstall the
transistors, in Pictorial 2-2, When you install
a transistor, follow the instructions in the
drawing (A, B, or C)thatphysically corresponds
to that particular type of transistor,

108/2N3692).

() Install transistor Q207 (#417-
109/2N3566).

( ') Install transistor Q206 (#417-
116/82091).

(. ) Install transistor Q202 (#417-
114/2N3567),

() Install transistor Q203 (#417-
114/2N3567),

(. ) Make sux:e all connections are
soldered,

PROCEED TO PICTORIAL 2-3,

PICTORIAL 2-2
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START

o

( ) 18 pfd electrolytic, Position
the positive (+) end as shown,

—
—

.22 pfd Mylar (wide red band-
yellow). NOTE: The Mylar ca-
pacitors may either be color
coded or marked with a value,

() 005 pfd dise,

—
—

001 nfd disc,

—
—

22 pfd Mylar (wide red band-
yellow),

(/) .,022 ufd Mylar (wide red band-
orange).

1N4951 dual crystal diode, Mount]
the diode in either direction as
shown, Then solder the leads to
the foil,

—
—

FLAT

—
—

3900 pf polystyrene, Position
the marked end (color band or

color end) as shown,
———

( ) IN191 crystal diode, #56-26,
(brown-white-brown), Position
the banded end as shown, NOTE:
Do not confuse the banded end
with the copper colored wire
that is visible inside the diode,

( ')y .02 ufd disc.

( ) Solder all leads toc the foil and

cut off the excess lead lengths,

CONTINUE
~~

{ ) .02 pfd dise,

() .001 ufd disc,

(.) .05 ufd disc,

() ,22 pfd Mylar (wide red band-
vellow),

() .05 pfd disc,

() 33 ufd electrolytic, Position the
positive (+) end as shown,

() .003 pfd disc,

() ,033 pfd Mylar (wide orange
band-orange), :

( ») Zener diode, Be sure toposition
the cathode end of the diode as
shown, NOTE: The cathode end
is marked with either a symbol
or color bands (violet-green-
brown).

SYMBOL Cco

[CATHODE END| BA

S8

PICTORIAL 2-3

(V) Silicon diode (#57-27), Be sure
to position the cathode end of the
diode shown, NOTE: The cathode
end is marked with either a
symbol, a color dot, color end,
or color band,

SYMBOL
COLOR (CATHODE
COLOR COLOR

() Silicon diode (57-46 marked on
part), Position the cathode end
as shown,

(- ) Solder all leads to the foil and
cut off the excess lead lengths,

PROCEED TO PICTORIAL 2-4.
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NOTE: After installing each of the
following capacitors, turn the cir-
cuit board over and solder each lead

to the foil, Then cut off the excess | » % 3 CONTiNUE

lead lengths,

( U/AT pfd Mylar (yellow-violet-
yellow),

® COLOR BANDS
(VIOLET-GREEN-BROWN)

Y

OR OR

(/) 250 pfd electrolytic, NOTE:
When mounting the electrolytic
capacitors, be sure to match
the positive (+) mark on theca-

pacitor with the positive (+) el ; ' V-8 mid Mol (Blussgrayoyel:
mark on the circuit board, ey - ; (v low)fl ylar ( gray-y

(.f} 1000 pfd electrolytic, - ( /3 1000 pfd electrolytic.

( J) 500 Q control (#10-171), NOTE: (/j 10 pfd 15 V electrolytic,
When mounting this type of con- :
trol, push it firmly against the

circuit board,

(/§ 10 pfd 150 V electrolytic, Po-
sition the positive lead as shown,]
Then solder both leads and cut
off the excess lead lengths,

(V) 10 KQ control (#10-201).

OO
=

(\) 10 ufd 15 V electrolytic,

(/) 250 pfd electrolytic,

@G

(‘/) 500 Q control (#10-171).

s

(¢

N

\

(V) Horizontal blocking coil (#40-
757). Observe the lug and hole
spacing and then mount the coil,

(/) .001 pfd disc,

RN

(/) .005 ufd dise,

[/) Horizontal driver transformer [ > 0 S o A _
(#51-1317), B = e N Y (V) W12 pfd Mylar (brown-red-yel-

(/) Make sure all connections are

soldered, ( 6 100 pfd electrolytic,

Carefully inspect the foil side of the
circuit board and solder any connec-
tions that might have been missed,
Then set this circuit board aside
temporarily,

10 x 1,000 = 10,000 uyuf
or

FINISH
PIC TOR | A L 2.4 I ::::: IST :m'r Zﬂ:; DIGIT WLTIPLIE:I 10,000 puf = 01 utd
l/ BROWN 1 1 10
RED 2 2 100
ORANGE 3 3 1,000
YELLOW 4 4 10,000
GREEN 5 5 100,000
BLUE 6 6 1,000,000
VIOLET T 7T 10,000,000
GRAY ] 8 100,000,000
WHITE 9 9 1,000,000,000
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CHASSIS

PARTS LIST

Unpack the package marked 3, Check each part
against the following Parts List, The numbers
in parentheses are keyed to the numbers on the
Chassis Parts Pictorial (fold-outfrom Page 20).

PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No, Per Kit No, Per Kit
RESISTORS Controls-Switch-Circuit Breakers (cont'd.)
1) 1-4 t _black- (8)19-102 1 5000 2 (5 K) control with
(1) 1 : llj?a?ki/z NG Eopn=bae switch (Volume and OFF -ON)
1-6 1 470 © 1/2 watt (95 ﬁﬁ:ﬁlﬁ: 1 Line cord switch
(yellow-violet-brown) 10)65- 2,11 ampere circuit breaker
- 00 © 1/2 watt .
1= B bid i TRANSISTORS-DIODES-LAMPS
LA 2 ?Grle(;esi-lt{li;i?)t; ange) NOTE: When identifying each transistor, lookfor
(2)3B-2 1 %3 Q 2 watt (orange-orange- the number printed on the case, EXAMPLE:
- :.silver) Transistor #417-90 may be marked 417-90,
(3) 3E-T 4 11 ©Q 5 watt 40050, or 417_-90/40050 (or in this last case,
3E_10 1 110 © 5 watt where 417-90 is also on the transistor, another
number may be used in place of 40050).
CAPACITORS , (11)417-90 1 40050 transistor
(4)23-72 1 2 1ufd 100 V tubular 417-112 1 2N3731 transi._stor
(5)25-115 2 10 pfd 15 V electrolytic 417-113 1 MP161.3 jtrans1stor_ ‘
(6)25-154 1 2500 ufd 30 V electrolytic (12)57-27 1 Z50dmllhampere silicon
iode
(13)57-42 2 3 ampere silicon diode
(14)412-15 2 NE-2H neon lamp
CONTROLS-SWITCH-CIRCUIT BREAKERS (15)413-11 9 Lamp lens
(7)10-199 1 200 © control (Contrast)
10-198 i 5000 @ (5 K) control (Hori- INSULATORS-TERMINAL STRIPS-SOCKET
zontal Hold) :
10-197 1 7500 © (7.5 K) control (16)73-45 2 1/2" grommet
(Vertical Hold) (17)173-44 2 3/4" grommet
10-196 | 100 K control (Brightness) (18)75-24 1 Line cord strain relief

HEATERXIT? Page 21
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DESCRIPTION

Insulators- Terminal Strips-Socket (cont'd.)
Mica insulator (packed be- (51)252-4
tween two pieces of card- (52)252-68

PART PARTS
No, Per Kit
(19)75-44 2
(20)207-3 1
207-18 3
(21)431-50 1
431.25 1
(22)431-16 1
(23) 431-62 1
(24) 431-40 1
431-45 1
(25)434-162 1
(26)481-5 1
(27)438-37 1
(28)440-9 1
434-163 1
KNOBS
(29)462-233 1
(30)462-234 1
462-236 1
462-235 1
(31)462-237 5
| HARDWARE
#4 Hardware
(32)250-3 2
(33)250-213 29
(34)252-2 16
(35)254-9 19
(36)252-89 14
#6 Hardware
(37)250-89 17
(38)250-298 2
(39)250-284 4
(40)250-252 1
41)254-1 23
&42)253-2 4
(43)252-3 17
{44)259-1 4
(45)255-15 2
#8 Hardware
(46)250-17 1
(47)250-137 19
(48)250-72 2
(49)250-297 4
(50)254-2 17

board)
1/8" cable clamp
3/8" cable clamp

Short vertical terminal strip

Long vertical terminal strip

2-lug terminal strip
3-lug miniature terminal
strip

4_-lug terminal strip
6-lug terminal strip
5-pin socket

Plug mount

5-pin plug

Socket cap

T-pin socket with leads

VHF Channel Selector
VHF Tuning

UHF Channel Selector
UHF Tuning

Control knobs

4.40 x 3/16" screw
4-40 x 5/16" screw
440 nut

#4 lockwasher

#4 speednut

6-32 x 3/8'" screw
6-32 x 3/4" self-tapping
SCrew

#6 x 1/2" sheet metal screw

#6 x 5/8" bronze screw
#6 lockwasher

#6 fiber shoulder washer

6-32 nut
#6 solder lug
#6 x 1/2" spacer

8-32 x 1/4" screw
8-32 x 3/8'" screw
8-32 x 3/4" screw
8-32 x 7/8" phillips
head screw

#8 lockwasher

FHEATERIT
PART PARTS DESCRIPTION
No, Per Kit
#8 Hardware (cont'd.)
2 8-32 nut
7 #8 speednut
(53)252-92 4 8-32 self-retaining nut
(54)259-2 3 #8 solder lug
(55)255-68 2 9/16" long spacer
#10 Hardware
(56)250-191 2 10-24 x 1-1/8" screw
(57)254-3 2 #10 lockwasher
(58)253-42 1 #10 flat washer
(59)252-30 2 10-24 nut
Other Hardware
(60)252.-7 1 Control nut
(61)252-32 2 Speednut
(62)259-22 1 Spade lug
(63)432-66 5 Connector
(64)432-68 4 Antenna terminal
(65)265-7 2 Hinge
~ (66)258-1 1 Coil spring
(67)250-295 1 5-40x3/8" self-tapping screw
MISCELLANEOQUS
345-1 1 Wire braid
134-37 1 UHF.VHF shielded cable
ITEMS FROM PACK #4
92-37 1 Cabinet
92-38 1 Front panel
(68)51-138 1 Horizontal output
transformer
(69)46-40 1 Vertical output choke
54-171 1 Power transformer
(70)58-8 1 Deflection yoke
(71)57-45 1 15,5 kilovolt selenium diode
340-2 1 Bare wire
344-16 1 Red stranded wire
344-50 1 Black hookup wire
344-58 1 Gray hookup wire
347-2 1 Twin lead
343-9 1 Large coaxial cable
343-7 1 Small coaxial cable
134-133 1 Wire harness
89-26 1 Line cord
346-1 1 Black sleeving
346-23 1 Large clear sleeving
346-7 1 Small clear sleeving
(72)432-49 1 High voltage lead with
connector
(73)205-530 1 Front panel trim strip
(74)110-35 1 UHF tuner
(75)110-36 1 VHF tuner
(76)142-111 1 VHF whip antenna



(79)204-M1730
(80)204-M731

HEATIHIIT
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PART ©PARTS
No, Per Kit

Items From Pack #4 (cont'd.)

DESCRIPTION

Control bracket
Handle bracket

(77M142-112 1 UHF loop antenna
(78)211-31 1 Plastic handle
401109 1 3" speaker
411-224 1 12CEP4 picture tube
200-M472 1 Chassis
1
1

(81)206-M307

-
PART PARTS
No, Per Kit

Items From Pack #4 (cont'd.)

DESCRIPTION

1 High voltage shield
490-1 1 Plastic alignment tool
490-5 1 Nut starter
390-135 1 FCC label
390-170 1 Transistor location label
391-34 1 Blue and white label
597-260 1

Parts order form

STEP-BY-STEP ASSEMBLY

CHASSIS PARTS MOUNTING

Refer to Pictorial 3-1 (fold-out from Page 27)
for the following steps,

() Locate the chassis and position it on your
work surface as shown,

NOTE: The Heath Company has provided a
plastic nut starter with this kit, Use this nut
starter to hold and start 6-32 and 4-40 nuts on
screws, Refer to Page 3 of the Kit Builders
Guide for further information,

{ ) Mount hinges at locations DA and DB, Use

4-40 x 5/16" screws, #4 lockwashers, and
4-40 nuts as shown in Detail 3-1A,

4-40 NUT

#4 LOCKWASH

ER

Detail 3-1A

(") Place the plug mount on the 5-pin plug as
shown in Detail 3-1B, Position the plug
with the wide space toward the chassis
flange as shown at U in the Pictorial,
Then mount it with 4-40 x 5/16" screws,
#4 lockwashers, and 4-40 nuts,

@4.40 NUT
HF

@#4 LOCKWASHER

@ PLUG MOUNT

5-PIN PLUG

INSIDE OF
CHASSI1S

WIDE SPACET:

LR W

SCREW

Detail 3-1B
() Install 8-32 self-retaining nuts at R and X

as shown in Detail 3-1C,
INSIDE OF
CHASSIS

SELF
INING NUT

SCREWDRIVER

Detail 3-1C
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@6-32 NUT

f\L‘ #6 LOCKWASHER

LONG VERTICAL
TERMINAL STRIP

INSIDE OF
CHASSIS

6-32x3/8"
SCREW

Detail 3-1D

(\ ) Mount the long vertical terminal strip at S.
Use a 6-32 x 3/8" screw, two #6 lock-
washers, and a 6-32 nut, Refer to Detail
3-1D,

() Similarly mount the 2-lug terminal strip
at Y. Use a 6-32 x 3/8" screw, two #6
lockwashers, and a 6-32 nut, Position the
terminal strip as shown,

() Mount the line cord switch at T. Use 4-40
x 3/16" screws and #4 lockwashers, Refer
to Detail 3-1E.

NOTE: In the following step, handle the high
voltage transformer carefully to avoid breaking
the thin wires,

(y) Mount the horizontal output transformer at
G. Use one #4 lockwasher, one #6 solder
lug, and two 4-40 nuts, Position the solder
lug as shown in Detail 3-1F, Before tighten-
ing the mounting nuts, center the trans-
former lugs in the chassis slots,

LINE CORD
SWITCH

INSIDE OF
CHASSIS

! @M LOCKWASHER

| I
4.40%3/16"
© fduaun

Detail 3-1E

INSIDE OF
CHASSIS

|

#6 SOLDER LUG(ES
a I
1

4-40 NUT l

! @!@#4 LOCKWASHER
1

é 4-40 NUT
[

Detail 3-1F
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( ) Locate the high voltage shield, Installa1/2"
grommet in the hole as shown in Detail 3-1G. =7 HIGH vOLTAGE

( ) Position the high voltage shield as shownin
Part A of Detail 3-1H, Then insert the trans-
former lead through the grommet, placethe
shield over the transformer, and fasten the
shield with four #6 x 1/2" sheet metal
screws, Refer to Part B of Detail 3-1H,

e i
POSITION THE SMALL BEND THE

PORTION OF THE GROMMET OF THE GROMMET OVER AND

INTO THE HOLE IN THE HIGH INTO THE SMALL PORTION.

VOLTAGE SHIELD. PRESS IT FIRMLY INTO PLACE.
Detail 3-1G

#bx1/2"
SHEET METAL

HIGH VOLTAGE
SHIELD ..o

A,

A

[ ——RTY -

i
#6x1/2"
SHEET METAL

SCREW

Detail 3-1H
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Refer to Detail 3-1J for the following steps.

() Locate the 417-90/40050 transistor, 417-
113/MP1613 transistor, and two mica in-
sulators,

NCTE: In the following two steps, observe the
spacing on the transistors, mica insulators,
and chassis as shown in Detail 3-1J,

( ) Mount the 417-90/40050 transistor and mica
insulator at K, Use two 6-32 x3/8" screws,
two fiber shoulder washers, one #6 lock-
washer, one #6 solder lug, and two 6-32
nuts, Make sure the shoulder of each fiber
washer seats properly in its chassis hole,

( ") Similarly mount the 417-113/MP1613 tran-
sistor at A,

Refer to Detail 3-1K for the following steps,

() Locate the 417-112/2N3731 transistor and
short vertical terminal strip,

() Observe the spacing on the transistor and
chassis, Then mount the transistor at C,
Use two 6-32 x 3/8" screws, three #61lock-
washers, two 6-32 nuts, anda short vertical
terminal strip, Use two lockwashers at the
terminal strip as shown,

@6732 NUT

.;.L, #6 SOLDER
LUG

FIBER SHOULDER

&

INSIDE OF
CHASSIS

MICA
INSULATOR

&

TRANSISTOR

6-32x3/8"
SCREW

Detail 3-1J

6-32x3/8"
SCREW

SHORT VERTICAL
TERMINAL STRIP

LOCKWASHER
6-32 NUT

2N3731
TRANSISTOR

@

INSIDE OF
CHASSIS

Detail 3-1K
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(V) Locate three #8 speednuts, Pinch the in-
dicated ends together slightly with a pair of
long-nose pliers, See the inset drawing on
Pictorial 3-1 (fold-out from this Page),

(V) Position the speed nuts with the round hole
side as shown, Then mount them at AA, AB,
and AC,

(V) Locate both circuit boards and fourteen #4
speednuts,

(/) Position the circuit boards with the lettered
side up as shown in Detail 3-1L, Position
the speednuts with the flat side as shown,
and then push them in place over the holes
in the circuit boards,

(/ ) Position the sync-sweep circuit board as
shown in Pictorial 3-1, Then install it on
the chassis with six 4-40 x 5/16" screws,
Refer to Detail 3-1L, Be careful not to
overtighten the screws, to avoid stripping
the threads,

LETTERED SIDE

SMALLEST

I S ZHOLE

-

& 4-40x5/16"
SCREW

Detail 3-1L

('/) Position the audio-video circuit board as
shown in Pictorial 3-1, Theninstall it onthe
chassis with eight 4-40 x 5/16' screws, Be
sure to position the circuit board under the
hinge screws at locations DA and DB,

(
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CHASSIS WIRING

Refer to Pictorial 3-2 for the following steps,

NOTE: When wiring this kit you may find it easier
to prepare the lengths of hookup wire ahead of
time as in the following step, Toprepare a wire,
cut it to the indicated length and strip 1/4" of
insulation from each end, The wires are listed
in the order in which they will be used,

(V) Prepare the following lengths of hookup
wire:
+4-1/2" gray “4'" gray
5" red stranded | -1-3/4" red stranded
5" red stranded | ~2'" gray
~8-1/2" red -3" black
stranded ~3'" gray

NOTE: When you connect wires tothe transistor
lugs, wrap the wire around near the end of the
lug,

(V) Connect a 4-1/2" gray wire from F on the
sync-sweep circuit board (S-1) to lug 1
of transistor K (S-1),

() Connect a 5" red stranded wire from D on
the sync-sweep circuit board (S-1) to lug 2
of transistor K (NS),

(J) Connect an 11 © 5 watt resistor from lug 2
of transistor K (S-2) to solder lug L (NS),

( J) Connect a 5'" red stranded wire from solder
lug L (S-2) to lug 3 of switch T (NS),

NOTE: Where a wire passes through a connec-
tion and then goes to another point, as in the
next step, it will count as two wires in the solder
instructions (S-2), one entering and one leaving
the connection,

(1) Remove an additional 1/2" of insulation
from one end of an 8-1/2" red stranded
wire, Connect this end through lug 3 (S-3)
to lug 2 (NS) of switch T.

( /) Connect the other end of this wire to J on
the sync-sweep circuit board (S-1). Route
the wire as shown,

(V) Connect a 4" gray wire from K on the
sync-sweep circuit board (S-1) to the eye-
let (bottom hole) in lug 2 of terminal strip
Y (NS).

= e

(/) Connect a 1-3/4" red stranded wire to lug 2
of switch T (S-2), The other end of this wire
will be connected later,

(/) Connect a 2'" gray hookup wire from solder
lug B (S-1) to JJ on the circuit board (S-1),

(J) Connect a 3" black hookup wire from lug 1
of transistor A (S-1) to HH on the circuit
board (S-1),

(/j Connect a 3" gray hookup wire from lug 2
of transistor A (S-1) to GG on the circuit
board (S-1),

( J) Locate the wire harness, Position it on your
work surface so the wires at breakouts 1
through 9 are placed as shown in Detail
3-2A,

(1) Place the harness on the chassis with break-
outs 1, 2, 3, 4, 5, and 6 positioned as
shown in Pictorial 3-2,

() Place a 3/8" cable clamp around the harness
wires at AD, Fasten the clamp to the chassis

with a 6-32 x 3/8" screw, #6 lockwasher,
and 6-32 nut,

Connect the wires from breakout 1 to the sync-
sweep circuit board as follows:

(/) White-yellow to BB (S-1),

() White-blue to CC (S-1).

() Green to DD (S-1).

(/) White-orange to FF (S-1).

Connect the wires from breakout 2 to the sync-
sweep circuit board as follows:

(V) Red to U (S-1).

( /3 White to L (S-1).

(/) Black to E (S-1).

({) White-gray to C (5-1).

( Jj White-green to the eyelet in lug 2 of ter-
minal strip Y (S-2).
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WHITE-YELLOW

WHITE-BLUE

LARGE
LARGE
LARGE
LARGE
LARGE
LARGE
SMALL
SMALL
SMALL

Connect the wires from breakouts 3 and 4to the

audio-video circuit board as follows:

() Green from breakout 3 to C (S-1),

() Gray from breakout 3 to D (3-1),

( ) Violet from breakout 3 to F (S-1),

{ ) Small red from breakout 4 to V (S-1),

LARGE GREEN
LARGE BLUE

LARGE ORANGE
VIOLET

BROWN
BLACK
GRAY
WHITE
BLUE
VIOLET
GREEN

GREEN
GRAY
VIOLET @
) ) ORANGE
GREEN
== YELLOW
| | BROWN
{ \ BLACK
WHITE-ORANGE
JWHITE-YELLOW
‘T WHITE-GRAY
'l wHITE-BLUE
YELLOW
WHITE GREEN
BROWN ORANGE

BLACK
B o9 ¢

Detail 3-2A

( ) Small white from breakout 4 to T (S-1),

( ) Small blue from breakout 4 to S (S-1),

( ) Large green wire from breakout 4 to lug 1
of switch T (S-1),

( ) Large blue wire from breakout 4 to lug 5
of switch T (S-1),
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SOLDER

Detail 3-2B

NOTE: Wire plug U in the next five steps as
shown in Detail 3-2B. Push each wire all the
way into the correct pin, Brace the chassis so
the plug is at an angle and then solder the pin
as shown, With the plug in this position the sol-
der is drawn inside the pin by "capillary' action,
Use a small amount of solder to avoid getting a
small ball at the end of the pin, After the solder
has had time to harden, pull on the wire slightly
to make sure it has been soldered,

(') Large violet wire from breakout 4 to pin 2
(5-1).

( ) Large brown wire from breakout 4 to pin 3
(8-1),

(+) Large orange wire from breakout 4 to pin4
(S"'l)'

() Connect a 3" red stranded wire from pin 1
of plug U (8-1) to the hole in the mounting
foot of terminal strip S (S-1),

(- ) Connect a 2" red stranded wire from pin 5
of plug U (S-1) to lug 4 of switch T (S-1),

NQOTE: The remaining red wire from breakout
4 will be connected later, '

Connect the wires from breakouts 5 and 6to the
audio-video circuit board as follows:

() Black from breakout 5 to W (S-1),

HEATIIEIT

( ) Brown from breakout 5 to R (S-1),
( ) White from breakout 5 to P (S-1).

( ) Yellow from breakout 5 to L (S-1),

(- ) Orange from breakout 6 to N (S-1),
( ) Green from breakout 6 to G (S-1).

NOTE: The wires from breakouts 7, 8, and 9 will
be connected later,

( ) Mount circuit breakers at N and Pas shown
in Detail 3-2C, Position lugs 1and?2 of each
circuit breaker as shown in the Pictorial,

TWIST TABS 1/4 TURN

A

INSIDE OF
CHASSIS

ran
\\'\ s

&P

Detail 3-2C

( ) Connect the large red wire from breakout4
to lug 2 of circuit breaker P (S-1),

(.') Connect a 3" red stranded wire from lug 1
of circuit breaker P (S-1) to lug 6 of switch
T (NS),

() Connect the free end of the red wire coming
from lug 2 of switch T, to lug 2 of circuit
breaker_.N (8-1),

() Connect a 4" red stranded wire from lug 1
of circuit breaker N (NS) to W on the sync-
sweep circuit board (S-1),
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NOTE: When installing silicon dicdes, be sure to
place the cathode end as directed, The cathode
end is marked with either a color end, color dot,
or color band, See Detail 3-2D,

NOTE: WHEN INSTALLING SILICON DIODES, THE
CATHODE END MUST BE PLACED A5 DIRECTED.
THE CATHODE END |5 MARKED WITH EITHER
A COLOR END, COLOR DOT, OR COLOR BAND.

COLOR COLOR COLOR

Detail 3-2D

() Connect the cathode end of a 750 milli-
ampere silicon diode (the small diode) to
lug 1 of terminal strip S (NS). Connect the
other end to lug 1 of circuit breaker N
(5-2).

() Connect a 110 Q 5 watt resistor from lug 1
of terminal strip S (NS) to lug 6 of switch
T (S-2).

(“) Connect a ,33 @ (orange-orange-silver)
2 watt resistor from Z on the sync-sweep
circuit board (S-1) to lug 1 of transistor C
(S'l).

(+) Connect a 3" gray hookup wire from Y on
the sync-sweep circuit board (S-1) to lug 2
of transistor C (NS),

(/) Mount a 2 pfd tubular capacitor at E.
Use a 6-32 x 3/8" screw, #6 solder lug,
#6 lockwasher, and 6-32 nut as shown in
Detail 3-2E. Position the banded end of
the capacitor as shown,

6-32x3/8"
SCREW

/

6 SOLDER LUG

2 #6
LOCKWASHER

6-32 NUT

AN

Detail 3-2E

MEASURE
FROM HERE

VERTICAL
UTPUT CHOKE

10-24x1-1/8" SCREW

Detail 3-2F

(- ) Connect the lead at the banded end of the
capacitor to solder lug E (S-1), Connect the
other lead to lug 1 of terminal strip D (NS).

Refer to Detail 3-2F for the following steps,

(,) Locate the vertical output choke (#46-40).
Cut the leads to the dimensions shown in
Detail 3-2F (measure the leads from where
they come out of the transformer). Then
remove 1/4" of insulation from the ends
of the leads, -

() Position the choke with the leads as shown
and mount it at H, Use a 10-24 x1-1/8"
screw, #10 flat washer, #10 lockwasher,
1/8'" cable clamp, and 10-24 nut at hole J.
Use a 10-24 x 1-1/8" screw, #10 lock-
washer, and 10-24 nut at the other mounting
hole,

() Connect the redchoke leadto LL onthe sync-
sweep circuit board (S-1).Connect the black
lead to B (S-1).

() Set the chassis aside temporarily,
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CONTROL PANEL PARTS MOUNTING

Refer to Pictorial 3-3 for the following steps.

() Locate the control panel and position it as
shown,

{ ) Locate three #8 speednuts, Pinch the indi-
cated ends together slightly with a pair of
long-nose pliers, See inset drawing #2 on
Pictorial 3-3.

(") Position the speednuts with the flat side as
shown, Then mount them at BJ, BK, and
BL.

(/) Mount the control panel to the chassis
hinges, Use 4-40 x 5/16" screws, #4 lock-
washers, and 4-40 nuts as shown in the
inset drawing #1 on Pictorial 3-3,

( ) Install 3/4" grommets at AD and AK as
shown in Detail 3-3A,

BEND THE L GE PORTION
OF THE GROMMET OVER
AND INTO THE SMALL
PORTICON, PRESS IT FIRMLY
INTO PLACE,

POSITION THE SMALL
PORTION OF THE
GROMMET INTO THE
PANEL HOLE.

Detail 3-3A

(*) Similarly install a 1/2" grommet at AG,

( ) Mount a 6-lug terminal strip at AH with a
6-32 x 3/8" screw, two #6 lockwashers, and
a 6-32 nut, Refer to Detail 3-3B,

() Insert the free end of the harness through
grommet AK as shown,

( ) Place a 3/8" cable clamp aroundthe harness
at breakout 7, Fasten the clamp with a6-32
x 3/8" screw, #6 lockwasher, and 6-32 nut,

6-32x3/8" SCREW

P

#6 LOCKWASHE

6-LUG
TERMINAL STRIP

ol
Xr

@f #6 LOCKWASHER

6-32 NUT

Detail 3-3B

Refer to Pictorial 3-4 (fold-out from Page 37)
for the following steps,

() Turn the chassis and control panel around
and position them as shown,

(¢ ) Route the harness along the bendinthe con-
trol panel, Place a 3/8" cable clamp around
the cable and fasten the clamp at AF, Use
a 6-32 x 3/8" screw, #6 lockwasher, and
6-32 nut,

NOTE: To mount the following controls, insert
both tabs in the control panel slots, Then twist
the tabs 1/8 turn with apair of long-nose pliers,
Refer to Detail 3-4A,

TWIST TABS
1/8 TURN

Detail 3-4A

(/) Mount a 200 © control (#10-199) at AX,
( ) Mount a 7500 @ control (#10-197) at AY,
( ) Mount a 5000 © control (#10-198) at AZ,

() Mount a 100 K control (#10-196) at AR,



o
2K

Q-
INSET #1 /
4-40 \

\ ) .
x5/16

PICTORIAL 3-3
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CONTROL
NUT

Detail 3-4B

( ) Mount a 5000 control with switch (#19-102)
at AS, Position the locating tab in the slot,
and then fasten the control with a control
nut, Refer to Detail 3-4B,

( ) Mount a 4-lug terminal strip at AT, Use a
6-32 x 3/8" screw, two #6 lockwashers, and
a 6-32 nut, Refer to Detail 3-4C,

6-32x3/8"
SCREW

#6 LOCKWASHER
i

LOCKWA
£ UER 6-32 NUT

Detail 3-4C

CONTROL PANEL WIRING

(. ) Refer to Detail 3-4D, and prepare two 11"
coaxial cables, Use the small cable,

Refer to Part A of Detail 3-4E for the following
steps,

() Place a 1/2'" length of black sleeving onthe
shield lead at the 3/4'" stripped end of the
11*"" cable, Connect this shield lead to lug 1
(NS) and the center lead to lug 2 (S-1) of
control AS, Insert the other end of the cable
through grommet AD to be connected later,

PREPARE EACH END AS SHOWN

f— 1" r_a',‘"
--'i/4"t 31/4"

et SHIELD LEAD g

TAKING CARE NOT TO CUT THE VERY THIN WIRES
OF THE SHIELD LEAD, REMOVE THE OUTER INSULATION.

PEEL OFF THE FOIL AND STRAIGHTEN OUT THE
THIN WIRES OF THE SHIELD LEAD.

REMOVE THE INNER INSULATION AND TWIST THE
SMALL WIRES OF THE SHIELD LEAD. APPLY SMALL
AMOUNTS OF SOLDER TO THE END OF THE SHIELD
LEAD AND THE INNER LEAD.

SOLDER ——‘”

Detail 3-4D

SHIELD LEAD

TWIST AND
SOLDER

( )} Cut off the shield lead from the short end
of the remaining cable,

(7) Place a 1/2" length of black sleeving onthe
remaining shield lead of the cable, Connect
this shield lead to lug 1 (S-2)andthe center
lead to lug 3 (S-1) of control AS, Insert the
other end of the cable through grommet AD
to be connected later,

Refer to Part B of Detail 3-4E for the following
steps.,

NOTE: When you connect the harness wires in
the following steps, insert each wire into the
correct lug, It is not necessary to bendthe wire
around the lug, Before soldering, make sure the
end of the wire does not touch other lugs.

Connect the wires from breakout 9 to switch AS
as follows:

() Large black to lug 4 (S-1),

( ) Large blue to lug 5 (S-1),



EHEATETIXIT

Page 35

SLEEVING

LARGE GRN

LARGE BLU

LARGE ORG

i

Detail 3-4E

() Large orange to lug 6 (S-1),
(<) Large green to lug 7 (S-1),
( ) Large violet to lug 8 (S-1).

(.) Large brown to lug 9 (S-1),

Refer to Pictorial 3-4 for the following steps,
() Small blue to lug 3 of control AR (S-1),
(') Small white to lug 2 of control AR (S-1),

( ') White-green to lug 4 of terminal strip AT
(NS)-

NOTE: The grayandthe violet wires from break-
out 9 will be connected later,

Connect the vs‘fires from breakout 8 as follows:

(

(
(

:) White-blue to lug 2 of control AZ (S-1).

) White-yellow to lug 1 of control AZ (S-1).
) White-gray to lug 3 of control AY (S-1).
) White-orangé to lug 2 of control AY (S-1).
) Yellow to lug 3 of control AX (S-1),

) Green to lug 2 of control AX (S-1).

) Orange to lug 1 of control AX (S-1),

NOTE: The brown and the black wires from
breakout 8 will be connected later,

(

-

) Connect a 56 KQ (green-blue-orange) re-

sistor between lugs 1 (NS) and 4 (NS) of
terminal strip AT,

) Connect a 56 KQ (green-blue-orange) re-

sistor between lugs 2 (NS) and 4 (S-3) of
terminal strip AT,

) Connect a 2-1/4" black hookup wire from

lug 1 of control AR (NS) tolug 3 of terminal
strip AT (S-1), -

/) Locate both neon lamps. Place a 1-3/4"

length of sleeving over each lead of one of
the lamps,

) Connect one lead of this lamp to lug 1 of

control AR (S-2), Connect the other lead to
lug 2 of terminal strip-AT (S-2), Then insert
the lamp through hole AT,

) Connect a 3-1/2" gray hookup wire on one

lead of the remaining lamp as shown in the
inset drawing on Pictorial 3-4, Then place
a 3" length of sleeving over this lead,

—

Connect the gray wire to lug 1 of terminal
strip AT (S-2), Connect the other lead to
ground lug AP (S-1), Then insert the lamp
through hole AN,
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FRONT OF
CONTROL PANEL

6-32x3/8"

46 LOCKWASHER
-

Al
b

3 6-32 NUT
g

STRIP ¢

\a\-\/_‘-
e

ENTER
AKER HOLES

Detail 3-4F

NOTE: In the following step, handle the speaker
carefully to avoid damaging the paper cone,

() Position the speaker with the terminal strip
pointing down as shown inDetail 3-4F.Then
mount it to the control panel withtwo 6-32 x
3/8" screws, two #6 lockwashers, and two
6-32 nuts, Before you tighten the screws,
make sure the bottom speaker holes are
centered with the control panel holes,

() Connect the black harness wire coming
from breakout 8 tolug 2 of the speaker (S-1),

() Connect the brown harness wire coming
from breakout 8tolugl of the speaker (S-1).

(1) Connect a 3" length of braid between ground
lugs BA (S-1) and BB (S-1)., Make sure the
end of the braid at BA is flush with the
ground lug, and the end at BB is inserted into
slot BB, This is to allow room for a trans-
former which will be mounted later, and to
allow enough slack in the braidfor the chas-
sis to close,

() Turn the chassis over so the control panel
is positioned as shown in Pictorial 3-5,

g e ATHEIT
6-32x3/4"
'NSET\ADJUSTMENT SELF-TAPPING SCREW
\ SCREW
“6 LOC__KWASHER

@ 5-40x3/8"
SELF-TAPPING
a SCREW

#6x1/2"}

PHONO SOCKET SPACE

3-LUG MINIATURE
TERMINAL srmpﬁ;

0

e

Detail 3-5A

Refer to Detail 3-5A for the following steps,

NOTE: When mounting the terminal strip in the
following step, be careful not to turn the three
adjustment screws on the tuner,

() Mount the 3-lug terminal strip at TA,Usea
5-40 x 3/8" self-tapping screw and a #4
lockwasher, Before tightening the screw,
position theterminal strip between the phono
socket and the adjustment screwas shown in
the inset drawing,

( ) Mount the VHF tuner at BD, Use two6-32 x

3/4" self-tapping screws, two #6 lock-
washers, and two #6 x 1/2" spacers.

Refer to Pictorial 3-5 for the following steps,

NOTE: After connecting the following two wires,
position them away from the On-Off switch,

( ) Connect the gray harness wire to lug 1
of terminal strip TA (NS),

() Connect the violet harness wire to lug 3 of
terminal strip TA (NS),
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/o

POSITION WIRES
AWAY FROM SWITCH

\ m
TO TAB
i
|\
= 2 NS

PICTORIAL 3-5

Refer to the inset drawing on Pictorial 3-5 to
install the resistors and the capacitors in the
following steps, Be sure to keep the leads of
these parts as short as possible when making
the connections,

(V) Connect 2109 (brown-black-black) resistor
from lug 3 of terminal strip TA (NS) to lug
4 (B+) of the tuner (S-1),

(/ ) Connect the 470 § (yellow-violet-brown)
resistor from lug 1 of terminal strip TA
(NS) to lug 3 (AGC) of the tuner (S-1),

(/) Connect the positive (+) marked lead of
a 10 pfd electrolytic capacitor to lug 1
(S-3) and the other lead to lug 2 (NS) of
terminal strip TA,

( "5 Connect the positive (+) marked lead of a
10 pfd electrolytic capacitor to lug 3 (S-3)
and the other lead to lug 2 (S-2) of termin-
al strip TA,

CUT THE CABLE ACCORDING TO THE DIMEMNSIONS
BELOW. PREPARE EACH END AS SHOWN,

3/4" rl—ﬂ."4"
i L | -!U:T].
Sk VA

1/4 1/4" 6.

»-r

PUSH BACK THE SHIELD. THEN MAKE AN OPENING IN
THE SHIELD AND BEND OVER AS SHOWN, PICK QUT
THE INNER LEAD.

WRAP A 2-1/2" BARE
WIRE AROQUND THE OUTER
INSULATION AND SHIELD,
THEN SOLDER THE BARE
WIRE TO THE SHIELD.

TN

BEND THE SHIELD BACK
AND AGAINST THE OUTER
INSULATION.

3 SOLDER

REMOVE THE INNER INSULATION AND APPLY A SMALL
AMOUNT OF SOLDER TO THE END OF THE INNER LEAD,
USE ONLY ENOUGH HEAT FOR THE SOLDER TO FLOW,

Detail 3-5B

(/5 Solder the mounting foot of terminal strip
TA to the top of the tuner,

(/) Prepare a 13-1/2" length of large coaxial
cable as shown in Detail 3-5B, Avoid using
excessive heat when soldering,

(./) Connect the center lead at one end of the
cable to lug 5 (IF) of the VHF tuner (S-1).
Solder the shield lead to the tuner tab as
shown, Then bend the tab away from lug 5,

(J ) Route the other end of the shielded cable
around the tuner and through grommet AD; it
will be connected later, Make sure the shield
lead does not touch any of the tuner lugs,

INSET

SOLDER

#10-196._ |

56K =

#16-197 #10-198

#13-199

PUSH END IN
SLOT AND SOLDER
TOCHASSIS

PICTORIAL 3-4
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MEASURE FROM HERE

8-32x3/8" SCREW

i~

#8 LOCKWASHER

8-32 NUT

BLK 4-1/4"

Detail 3-6A

Detail 3-6B

Refer to Pictorial 3-6 (fold-out from Page 38)
for the following steps,

(/) Locate the power transformer, Cut the leads
to the dimensions shown in Detail 3-6A
(measure the leads from where they come
out of the transformer), Remove 1/4" of
insulation from the end of each lead and
apply a small amount of solder to hold the
strands of wire together,

(V) Insert the transformer leads through grom-
met AG as shown in Detail 3-6B, Mount the
transformer on the control panel with
8-32 x 3/8" screws, #8 lockwashers, and

CRIMP AROUND
msuunoan;/
B

8-32 nuts, WIRE
/ REMO\J‘EO
INSULATION
(J) Prepare a 7" anda 10" length of twin lead as /) cur our CONNECTOR 50L|:|ER
shown in Detail 3-6C, Attach connectors to e Detail 3-6C

one end only of each twin lead,

(o)
J

=

_ @ |
[

=)

. Y

@
W=

! -'1=l

PICTORIAL 3-6
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UHF -VHF
SHIELDED

Detail 3-6D

Refer to Detail 3-6D for the following steps,
(/) Locate the UHF tuner,

() Connect the end of a 10" twin lead (the end
without the connectors) to lugs 1 (S-1) and
2 (8-1) of the UHF tuner,

( ) Connect a 6" black hookup wire to lug 3 of
the tuner (S-2). The other end will be con-
nected later, NOTE: This lug already has
one lead scldered to it,

() Install one end of the UHF-VHF shielded
cable into the socket of the tuner, The
other end will be connected later,

() Refer to Detail 3-6E, and mount the tuner
on the control panel by inserting the tuner
shaft through the hole in the front panel,

R

)

8-32x3/4" SCREW

& / 48 LOCKWASHER
&

9/16" LONG SPACER

Detail"3-6E

Route the twin lead behind the VHF tuner
as shown in Pictorial 3-6, Then fasten the
tuner with one 8-32 x 1/4" screw and #8
lockwasher at CA, Use two 8-32 x 3/4"
screws, two #8 lockwashers, and two 9/16"
long spacers at CB and CC, Before you
tighten the screws, center the tuner shaftin
the front panel hole,

Install the free end of the UHF-VHF shielded
cable into the socket on the VHF tuner,

Connect the black hookup wire coming from
the UHF tuner to lug 6 of the VHF tuner
(S-l)o -

Connect the end of a 7" twin lead (the end
without connectors) to lugs 1 (S-1) and 2
(5-1) of the VHF tuner,
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Refer to Pictorial 3-7 for the following steps,

{+) Position the chassis on your work surface
as shown,

( ) Prepare thefollowing lengths of hookup wire:

Connect each of the following wires from the
high voltage transformer to the sync-sweep
circuit board as follows: Route the wires as
shown in the Pictorial, NOTE: The letter desig-
nations (T, R, etc.) are not on the foil side of
the circuit board, Therefore, as you install
each wire, observe the foil pattern carefully,

5" gray 3-1/2" red stranded
5-1/2" gray 4" gray
5-3/4" gray
WIRE FROM
TRANSFORMER
(+) 5" gray hookup lug 1 (S-1)
() 5-1/2" gray hookup lug 2 (S-1)
() 5-3/4" gray hookup lug 3 (NS)
(<) 3-1/2" red stranded lug 3 (S-2)
( ) 4" gray hookup lug 5 (S-1)

TO CIRCUIT
BOARD LOCATION

T (s-1).
R (S-1).
P (8-1).
X (8-1),

H (S-1). (NOTE: The indicated hole near H will
not be soldered,)

(') Connect a 2-1/2" bare wire from lug A
(S-1) through solder lug G (S-2) to lug 4
(S-1) of the high voltage transformer,

(<) Connect a 12-1/2" black hookup wire from
K of the audio-video circuit board (S-1) to
EE of the sync-sweep circuit board (S-1).
Route the wire as shown,

() Solder the foils of both circuit boards to
the chassis at the indicated locations,

FINAL WIRING

Refer to Pictorial 3-8 (fold-out from Page 57)
for the following steps.

Connect the cable and wires coming through
grommet AD to the audio-video circuit board
as follows:

-( ) Center lead of the large shielded cable to
B (S-1), Shield lead to A (S-1),

() Center lead of the small shielded cable (the
one with the shield lead cut off) to E (8-1),

() Center lead of the remaining shielded cable
to H (S-1) and the shield lead to J (S-1),

Connect the transformer leads coming through

grommet AG to terminal strip AH as follows:

( /) Short black to lug 1 (NS),

( ') Short red to lug 2 (NS),

( ) Long red to lug 3 (NS),

( ) Red-yellow to lug 5 (NS),

() Long black to lug 6 (NS),

() Connect the red harness wire coming from

breakout 7 to lug 5 of terminal strip AH
(NS),
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PICTORIAL 3-7

NOTE: When installing silicon diodes, be sure
to place the cathode endas directed, The cathode
end is marked with either acclor end, color dot,

or color band, See Detail 3-84A,

NOTE: WHEN INSTALLING SILICON DIODES. THE
CATHODE END MUST BE PLACED AS DIRECTED.
THE CATHODE END IS MARKED WITH EITHER
A COLOR END. COLOR DOT. OR COLOR BAND,

COLOR Cgé?ﬂ CBCLNODR
END | A -
e \\ o a
~y J ¥
Detail 3-8A

() Connect the lead at the cathode end of a
silicon diode to lug 3 of terminal strip AH
(S-2), Connect the other lead to lug 4 (NS),

{ ) Connect the lead at the cathode end of a
silicon diode to lug 2 of terminal strip AH
(S-2), Connect the other lead to lug 4 (S-2),

() Connect the lead at the positive (+) end of
a 2500 pfd electrolytic capacitor to lug 5
of terminal strip AH (S-3). Connect the
other lead to ground lug AE (NS),
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Refer to Detail 3-8B for the following steps,

(') Locate the selenium diode, the high voltage
lead, and the length of large clear sleeving,

( ') Prepare the high voltage lead as shown,
( ) Slide the sleeving over the high voltage lead,

( 1) Cut both leads of the selenium diodeto1/2"
as shown in inset drawing #1 on Detail 3-8B,

( ) Form a small hook at the positive (+) end of
the diode and at the end of the high voltage
lead, Then solder the leads together, This
solder connection should be as smooth as
possible to prevent high voltage arcing when
the television set is operating,

(') Insert the other end of the diode into the
connector at the end of the high voltage
transformer lead as shown in insetdrawing
#2 on Detail 3-8B, Then slide the clear
sleeving over the diode and into the grommet,
Make sure the diode lead does not pull out
of the transformer lead,

( ') Remove the cable clamp at J, as shown in
Pictorial 3-8, Place the clamp around the
high voltage lead, and then reinstall the
clamp at J,

(. ) Locate the T7-pin socket with the leads at-
tached,

() Cut a 1-1/4'" length of small clear sleeving
and slide it over the yellow lead of the
7-pin socket,

( ) Refer to Detail 3-8C and cut both leads of a
1000 © (brown-black-red) resistor to 1/4".
Then form a hook in one lead,

SMALL
CLEAR
SLEEVING

Detail 3-8C

) HIGH VOLTAGE LEAD
A =z £

1/4" —vLJ—-

|
|
|
SELENIUM DIODE 2o

HIGH VOLTAGE
TRANSFORMER LEAD

Detail 3-8B

( ) Place the yellow lead of the 7-pin socket
through the hooked resistor lead and crimp
the leads together, Then solder the connec-
tion,

{ ) Insert the other lead of the preparedresis-
tor into hole X on the audio-video circuit
board (S-1), Position the yellow lead, onthe

other end of the resistor, between L105,
T105, and T104 as shown,

( ) Connect the brown lead to lug 1 of terminal
strip S (S-3),

Connect the remaining socket leads to the sync-
sweep circuit board as follows:

( ) Orange to S (5-1),
{ ) Redto M (8-1),

( ) Greento A (S-1).



=

Page 43

( ) Slide the remaining length of small clear
sleeving over the white lead of the T-pin
socket, Cut the stripped end of this lead,
leaving 1/8'" of bare wire, Then crimp and
solder a connector on the end of this wire,
and slide the sleeving on the connector, Re-
fer to Detail 3-8D,

SMALL CLEAR
SLEEVING

CRIMP ON INSULATION
P AND SOLDER
RE

SLIDE SLEEVING
OVER CONNECTOR

Detail 3-8D

( ) Push the connector over lug 2 of terminal
strip Y as shown in the Pictorial,

( ) Locate the deflection yoke (#58-8) and clamp,
Place the yoke on your work surface as
shown,

Connect the deflection yoke leads as follows:
( ) Brown lead tolug1 of terminal strip D (S-2),
() Red lead to lug 2 of transistor C (S-2),

( ) Green lead to MM onthe sync-sweep circuit
board (S-1),

() Orange lead to KK on the sync-sweep cir-
cuit board (S-1),

Refer to Pictorial 3-9 for the following steps,

() Position the chassis as shown in the
Pictorial,

() Position the cabinet so the open side is to-
ward the chassis,

{ ) Insert the bare lead end of the line cord
through the oval shaped hole near the bot-
tom of the cabinet, Then insertthe line cord
through hole AL in the chassis,

\ T I T O p— /
(" ~ G
LN o -
o ad
T——————'\h
< \
/ S L
T o o /i\;&i\‘\«-“;’}-\
\~ S=e00e = Sy
/ SOOI D T ! 1

LINE CORD

PICTORIAL 3-9

SQUEEZE THE INSERT THE REAR
TWO SEGMENTS HALF INTO THE
TOGETHER, HOLE.

PLACE THE LINE
CORD IN THE SLOT.

REAR OF
CONTROL PANEL

- Detail 3-9A

(') Connect one line cord lead tolug1 (S-2) and
the other lead to lug 6 (S-2) of terminal
strip AH,

( /) Place the line cord strain relief around the
cord and insert it in hole AL, Refer to
Detail 3-9A,

{ ) Set the chassis and cabinet aside temporar-
ily,
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8-32x3/8" SCREW %
#8 LOCKWASHER é)

SOLDER

BARE WIRE

=8 SOLDER k-

HEATHRKIT

2ND
ANODE
SOCKET

#8 SOLDER LUG

PICTORIAL 3-10

INSTALLING THE PICTURE TUBE

Refer to Pictorial 3-10 for the following steps,

CAUTION: Be extremely careful when handling
the picture tube, Do not strike, scratch, or
subject it to more than moderate pressure at
any time, Never lift the picture tube by its
neck, A fracture of the glass could result in
an implosion of considerable violence due to
the high vacuum inside the tube, Such an im-
plosion would be capable of damaging both prop-
erty and person,

IMPORTANT: Do not set the picture tube down
so any part of its weight restsonthe neck of the
tube, Place a soft cloth over any surface on
which the tube will be placed; thenplacethe tube
face down on the cloth,

{ ) Place a soft cloth on your work surface,
Then place the front panel on the cloth as
shown in the Pictorial,

( ) Mount one lamp lens at AN and another one
at AU, Use speednuts as shown in the inset
drawing on Pictorial 3-10,

NOTE: Be sure to fill out the picture tube war-
ranty card and mail it to the Heath Company
after you remove the picture tube from its
carton,

( ) Place the carton containing the picture tube
on the floor beside your workbench, then
open it carefully; be sure to openthe correct
end of the carton,

(- ) Carefully lift the tube from the carton by
placing both hands on the bell (or larger
section} of the tube, Never, under any cir-
cumstances, lift a picture tube by holding
the neck of the tube, Place the picture tube
face down on the front panel as shown in
Pictorial 3-10, Be surethe 2ndanode socket
is in the position shown,




Eﬁiﬁ%’:{:ﬂ;yrrir{xﬁw

Page 45

PUSH LAMP

INTO LENS

THREADED
INSERT

CONTROL
PANEL

48 LOCKWASHER

CHASSIS

8-32x3/8" SCREW

PICTORIAL 3-11

( ) Fasten the picture tube to the front panel,
Use four 8-32 x 3/8'" screws, one #8 lock-
washer, and three #8 solder lugs, Position
the solder lugs so they are near but do not
touch the picture tube,

() Connect a 6" black hookup wire to solder

lug BH (NS), The other end will be con-
nected later,

( ) Connect a 16" bare wire between solder
lugs BH (S-2) and BF (S-1).

() Hook the coil spring between the remaining
solder lug and bare wire as shown,

Refer to Pictorial 3-11 for the following steps,

(

) Locate three §-32 x 3/8" screws and three

#8 lockwashers, Place the lockwashers on
the screws; then put the screws near the
control panel so they can be easily reached
for the next step,

Position the chassis and control panel as
shown in the Pictorial, Make sure no wires
are pinched between the chassis and con-
trol panel,

Carefully place the front panel against the
control panel and start each screw in the
threaded insert,

Carefully push the neon lamps into the
lamp lenses at AN and AU as shown in the
inset drawing on Pictorial 3-11,

( ) Now tighten the three front panel screws,
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PICTORIAL 3-12

Refer to Pictorial 3-12 for the following steps,

( ) Position the Television Set on your work
surface as shown in the Pictorial,

(- ) Connect the free end of the black hookup
wire coming from solder lug BH, to ground
lug AE (S-2).

( ) Route the anode lead under the flange of the
chassis and control panel as shown, Then
insert both clips of the connector in the
picture tube anode socket as shown in the
inset drawing on Pictorial 3-12,

( ) Install the deflection yoke on the neck and

against the bell of the picture tube, Then
turn the yoke so the green wire comes out
the right side as shown, Do not tighten the
screw in the clamp at this time,

Refer to Pictorial 3-13 for the following steps,

() Position the tube socket through the large

opening in the chassis,

( )} Carefully close the chassis against the

front panel, Make sure the wires from the
tube socket do not get caught on the picture
tube,
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7Y

§-32
619 @ SELF-RETAINING
NUTS .

%\) 8-32x3/8"
? | SCREW

HANDLE
BRACKET

PICTURE
#8 LOCKWASHER
8-32x3/8" SCREW

PICTORIAL 3-13

) Fasten the chassis to the front panel with
two 8-32 x 3/8" screws and two #8 lock-
washers,

Carefully remove the protective cap from
the lugs of the picture tube, Then matchthe
wide space on the socket with the wide
space between the pins of -the tube, and
carefully install the socket.

Locate the handle bracket and position it
as shown, Then install two 8-32 self-
retaining nuts in the square holes, Refer
to Detail 3-13A,

Refer to Pictorial 3-13, and position the
bracket with the 8-32 self-retaining nuts
as shown, Then mount the bracket with
8-32 x 3/8" screws and #8 lockwashers,

Refer to Pictorial 3-14 for the following
steps,

Remove the bottom screw, lockwasher, and
nut from the power transformer, Then swing
the transformer toward the hinge as far as
it will go,

8-32 SELF-
RETAINING NUT

SCREWDRIVER

Detail 3-13A

( ) Place a #8 lockwasher on an 8-32 x 3/8"

—

screw, Then start the screw inthe threaded
stud on the front panel, Tighten the screw
carefully with a screwdriver as shown,

Replace the screw, lockwasher, and nut
that were previously removed from the
transformer,

HINGE

/

PICTORIAL 3-14
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PICTORIAL 3-15

Refer to Pictorial 3-15 for the following steps,

NOTE: Before you install the knob ineach of the
following steps, line up the flat inside the knob
with the flat on the control or tuner shaft, Then
push the knob in place,

( ) Carefully peel away the backing paper from
the front panel trim strip, Then press the
trim strip in place on the front panel,

() Install the UHF channel selector knob,

() Install the UHF tuning knob,

( ) Install the VHF tuning knob,

( ) Install the VHF channel selector knob,

( ) Install the five control knobs onthe remain-
ing shafts,

Refer to Pictorial 3-16 for the following steps,

NOTE: The blue and white identification label that
is installed in the next step shows the Model
number and Production Series number of your
kit, Refer to these numbers in any communica-
tions with the Heath Company; this assures you
that you will receive the most complete and up-
to-date information in return,

(") Carefully peel away the backing paper from
the blue and white identification label, Then
press the label onto the side of the chassis,

() Similarly, install the Transistor Location
label on the inside bottom of the cabinet,
Position the label so it can be read as you
view the cabinet from the inside, Also,
make sure the label does not cover any
ventilation hocles,

( ) Read, sign, and date the FCC certification
label, Remove the protective backing and
press the label into position on the picture
tube shield,
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(. ) Insert the whip antenna through the hole
in the cabinet, Then fasten it with a #6 x
5/8'" bronze screw.

() Remove 1/4" of insulation from both ends
of a 8" red stranded wire, Then install a
spade lug on one end as shown in the inset
drawing on Detail 3-164,

(+ ) Insert this wire through the hole inthe back
of the cabinet and connect it tothe lug on the
VHF antenna (S-1),

Refer to Detail 3-16B for the following steps,

( ) Position the antenna terminals with the tab
as shown, Then install a terminal in each of
the four holes in the cabinet, Push the ter-
minal until the tab catches on the inside of
the cabinet,

(') Pull the VHF antenna out of the insulator,
Then push the insulator aside to the left as
shown in Pictorial 3-16, Install the VHF
twin lead connectors onto the VHF antenna
terminals and the UHF connectors onto the
UHF antenna terminals, Make sure both twin
leads are on the right side of the antenna
insulator, - i

( ) Push the VHF antenna into the insulator,

This completes the chassis wiring, Carefully
inspect the wiring for any unsoldered con-
nections, loose or broken leads, or accidental
solder bridges between foils of the circuit
boards,

PICTORIAL 3-16

[ I

15 g

¥ BLUE AND
WHITE LABEL

FCC LABEL

#6x5/8"

INSET

CRIMP% CRIMP OVER

OVER WIRE INSULATION
AND SOLDER

Detail 3-16A

_P ANTENNA
TERMINAL

 CONNECTOR

Detail 3-16B
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ADJUSTMENTS

PRELIMINARY CONTROL SETTINGS

If any difficulty is encountered in the following
adjustments, refer to the In Case Of Difficulty
section of the Manual,

WARNING: Read the following paragraphincase
you should have to remove the high voltage anode
connector at any future date,

The capacitance between the inner and outer
conductive coatings of the picture tube allows a
high wvoltage charge to be stored at the high
voltage anode, Be sure to discharge the picture
tube as shown in Figure 1 before the high volt-
age anode is removed, NOTE: TO DISCHARGE
THE HIGH VOLTAGE ANODE, WRAP ONE END
OF A BARE WIRE AROUND THE HANDLE
BRACKET, WRAP THE OTHER END OF THE
BARE WIRE AROUND THE METAL PARTOF A
SCREWDRIVER, HOLD THE SCREWDRIVERBY
THE INSULATED HANDLE AND TOUCH THE
BLADE TO THE WIRES UNDER THE RUBBER
CAP OF THE HIGH VOLTAGE ANODE CON-
NECTOR.

BARE WIRE

HANDLE

IGH
ODE

Figure 1

EHEHATEIIXIT®

INSULATED

WARNING: Extremely high voltage (12,000 volts)
is present in the vicinity of the horizontal output
transformer and on the second anode of the
picture tube, Extreme care should be taken to
make sure that you do not touch any of these
parts when the Set is in operation, After the Set
is turned off, discharge the capacitors in the
circuit by connecting a screwdriver blade be-
tween the terminal that will be touched and the
chassis ground, A safe rule to remember when
you work around any high voltage is to use only
one hand to work onthe circuit andkeep the other
hand behind you, This helps prevent your body
from becoming part of an electrical circuit by
being connected from the high voltage to ground,

Refer to Figure 2 (fold-out from Page 59)
for the following steps,

{ ) Connect the VHF and UHF antennas totheir

. respective terminals as indicated on the

() back of the cabinet, NOTE: If the VHF whip
antenna and UHF loop antenna are used
(this depends on your locality) refer to
Figure 7D (fold-out from Page 60) for instal-
lation instructions,

NOTE: The following controls can be reached
from the foil side of the board, Use a screw-
driver (phillips or regular type) for these ad-
justments,

Place the following controls in the center of their
range:

« AGC (Automatic Gain Control).
~LO V (Low Voltage).
_LIN (Vertical Linearity).

~HGT (Height),

Page 51
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CHANNEL SELECTOR

cirecuit,

Tunes VHF channels 2 to 13, When UHF is in-
dicated, the UHF tuner is connected into the

YHF FINE TUNING

This control should be tuned for a sharp clear
picture, Turn the control counterclockwise until
the picture starts tc break up, then turn it

clockwise just enough to clear the picture, Note
that the Fine Tuning can be turned far enough to
make the picture disappear,

VOLUME, OFF-ON

)

Turns the set on or off and increases the volume
of the sound,

BRIGHTNESS

Increases or decreases the overallbrightnessof
the picture,

UHF COARSE TUNING

Turn this knob until the desired UHF channel is
received, This control operates in conjunction
with the UHF Fine Tuning,

7 R, vt —

UHF FINE TUNING

Adjust this knob to produce the sharpest clearest

picture after selecting the desired UHF channel

with the UHF Coarse tuning knob,

VERTICAL HOLD

{ HEATHRIT /J2

q
5

Adjust this control to keep the picture from
rolling vertically.

e

CONTRAST

/L /1T ANN

Adjust this control to give blackness to dark
areas and whiteness to white areas of the pic-

HORIZONTAL HOLD

or horizontal lines,

Adjust this control if the picture loses hori-
zontal synchronization evidenced by diagonal

ture, and yet to show details in the shadowed or
gray areas, Picture contrast increases with
clockwise rotation,

Figure 3

Refer to Figure 3 for the following steps,

Place the front panel controls in the following
positions:

ON-VOL - Fully counterclockwise and pushed
in (Off),

Brightness - Fully clockwise,

Contrast - 1/4 turn clockwise,

H (Horizontal Hold) - Center of its range,

V (Vertical Hold) - Center of its range,

Channel Selector - To a strong station (VHF or
UHF).

(/) Plug the line cord into a 105-125 volt
50/60 Hz AC outlet,

(/) Observe the neck of the picture tube near
the socket, After a few seconds the filament
should glow, NOTE: The filament will re-
main on, using approximately 1/2 of the
normal operating voltage, as long as the
line cord is plugged into an AC outlet, This
allows the picture tube screen to light up
as soon as the Television Set is turned On,

() Pull the ON-VOL switch out, A high whistling
sound will be heard momentarily; and then
the picture tube should light, Both neon
lamps should also light,

( ) Turn the ON-VOQL clockwise; sound should be
heard from the speaker,

LCW VOLTAGE (LO V) ADJUSTMENT

This adjustment can be made with or without a
VIVM (vacuum tube voltmeter), If a VIVM is
used, refer to the steps entitled "With VIVM",
If a VIVM is not used, refer tothe step entitled
"Without VTVM",

With VTVM

( ) Set the VITVM to the 15 volt scale, Connect
the ground lead of the VITVM to the chassis
and the positive lead to the collector of
transistor Q303, NOTE: The collector of
Q303 is connected to the outside of the
transistor case,
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{ ) Turn the LO V control until you obtain a
12 volt meter reading, Then disconnect the
VTVM leads from the Television Set,

Without VTVM

( ) Turn the LO V control slowly counterclock-
wise until a black space can be seen on one
side of the screen,

( ) Center the light area of the picture tube by
rotating the centering magnets, first one,
then the other, See Figure 6A on Page 55,

( ) Turn the LO V control clockwise until the
dark space disappears, Then turn the con-
trol an additional 1/4 turn clockwise,

AGC ADJUSTMENT

() Turn the AGC control slowly counterclock-
wise until the contrast appears dark enough
for normal viewing, NOTE: During this
adjustment, the picture may be out of ver-
tical and horizontal synchronization, If
necessary, adjust the front panel Horizontal
and Vertical controls, Also, adjust the Fine
Tuning for the best picture,

HORIZONTAL ADJUSTMENTS

(' ) Turn the front panel Horizontal control to the
center of its range,

NOTE: Perform the following step only if the
picture loses horizontal synchronization (diag-
onal or horizontal lines on the screen).

() Refer to Figure 2 and adjust the horizontal
blocking oscillator transformer T201, Use
the alignment tool and turn the adjustment
slowly until the picture synchronizes,

SOUND DETECTOR AND SOUND TAKE-OFF

NOTE: Transformers T105 and T106, which
will be adjusted next, each have two internal
adjustments, one near the top and one near the
bottom, To reach the top adjustment, push the
alignment tool through the hole in the bottom
adjustment as shown in the inset drawing on
Figure 2, Do not turn these adjustments more
than 1/2 turn in either direction,

( ) Turn the ON-VOL control for a normal
listening level,

( ) Turn the Fine Tuning knob clockwise until
the sound begins to decrease and back-
ground noise is noticeable,

( ) Adjust the bottom slug of transformer T106
clockwise or counterclockwise for the clear-
est and loudest sound, Repeat the same pro-
cedure with the top slug,

( ) Adjust the bottom slug of T105 clockwise or
counterclockwise for clearest sound, Re-
peat the same procedure with the top slug.

PICTURE ADJUSTMENTS

NOTE: It is easier to make thefollowing adjust-
ments if a test pattern is used, Generally, test
patterns are available for a short while in the
morning when the station first comes ontheair,

The following photographs show how the picture
may appear on your television screen if the
deflection yoke and various controls are not
properly adjusted, Follow the instructions that
go with the photographs to make the following
adjustments,

Picture Tilted

( ) Be sure the yoke rests up tight against the
flared out portion of the picture tube, If the
picture is tilted as shown in Figure 4, it can
be straightened out by turning the yoke, Be
sure that you touch only the plastic part of
the yoke, After straighteningthe yoke, tight-
en the clamp screw, :

PICTURE TILTED
Figure 4
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Picture Stretched, Or Too Small

NOTE: Keep the picture locked in with the
VERTical HOLD control while making the fol-
lowing adjustments for the correct height and
linearity of the picture,

( ) Adjust the Height and the Vertical Linearity
controls so there is approximately 1/2" of
black space at the top and bottom of the
picture, This size can only be obtained by
compromising between the two adjustments;
first adjust one controlasmall amount, then
adjust the other, The Height adjustment
primarily adjusts the overall height of the
picture; the Vertical Linearity adjusts the
top and bottom of the picture, See Figures
5A, 5B, and 5C,

( ) Now adjust the Height control until the pic-
ture fills the screen and extends approxi-
mately 1/2'" beyond the top and bottom of
the picture tube, A normal test pattern is
shown in Figure 5D,

In another method that can be used to adjust
Height and Vertical Linearity, the Vertical Hold
is adjusted so that thepicture rolls slowly down-
ward, The controls are then adjusted so that the
black bar that moves down the screen stays the
same height (or thickness) all the way down the
screen,

-

[

®

&

a

v

¥

¥

2
5t

AR

s

BOTTOM OF PICTURE STRETCHED

Figure 54

TOP OF PICTURE STRETCHED
Figure 5B

PICTURE TOO SMALL

Figure 5C
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Figure 5D

Picture Off Center

( ) Center the picture on the picture tube by
rotating the centering magnets, first one,
then the other, See Figure 6A, Note that a
black spot or "neck shadow' appears at the
corners of the picture tube as shown in
Figure 6B when the picture is not centered
properly, or the yoke is not pushed up
against the bell portion of the picture tube,

T

PICTURE NOT CENTERED
Figure 6B

This completes the Adjustments, Proceed to
the Final Assembly section,

o
F \\\f\\\\\\m
CENTERING

Figure 6A
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FINAL ASSEMBLY

Refer to Pictorial 3-17 for the following steps, () Place the handle mounts over the ends of the
plastic handle, Then fasten the handle to the
() Place the Television Set inside the cabinet, top of the cabinet with 8-32 x 7/8" phillips
Fasten the cabinet to the chassis with two head screws,
8-32 x 3/8" screws from the bottom of the
cabinet and two 8-32 x 7/8" phillips head
screws from the back,

PLASTIC

8-32x7/8" & HANDLE

PHILLIPS HEAD
SCREW

HANDLE MOUNT

B-32x7/8"
PHILLIPS HEAD
SCREW

PICTORIAL 3-17 l
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PICTORIAL 3-8
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FIGURE 8

OPERATION

Refer to Figure TA for a brief description of how
to operate each of the controls,

To operate this TV Set on 105-125 volts, 60 Hz

105-125 volt AC outJ(Q and turn the Off-On
switch to ON, Adjust\wthe controls shown in
Figure TA to tuneinthe desired channel and pro-
duce a clear and stable picture with the desired

AC, insert the line cord plug into any standard

sound level,

CHANNEL SELECTOR

Tunes VHF channels 2 to 13, When UHF is in-
dicated, the UHF tuner is connected into the

circuit,

VHF FINE TUNING

This control should be tuned for a sharp clear
picture, Turn the control counterclockwise until
the picture starts to break up, then turn it
clockwise just enough to clear the picture, Note
that the Fine Tuning can be turned far enough to
make the picture disappear,

VOLUME, OFF-ON

Turns the set on or off and increases the volume
of the sound,

BRIGHTNESS

Increases or decreases the overall brightness of
the picture,

om vol F WRiEHT

=

=

UHF COARSE TUNING

Turn this knob until the desired UHF channel is
received, This control operates in conjunction
with the UHF Fine Tuning,

UHF FINE TUNING

Adjust this knob to produce the sharpest clearest
picture after selecting the desired UHF channel
with the UHF Coarse tuning knob,

IVARRNAN
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VERTICAL HOLD

Adjust this control to keep the picture from
rolling vertically,

W’é
Fd

T

L
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HORIZONTAL HOLD

Adjust this control if the picture loses hori-
zontal synchronization evidenced by diagonal

or horizontal lines,

CONTRAST

Adjust this control to give blackness to dark
areas and whiteness to white areas of the pic-
ture, and yet to show details in the shadowed or
gray areas, Picture contrast increases with
clockwise rotation,

Figure TA

HEATHXITY




When the TV Set is connected to an AC outlet
with the switch in the Off position, the pic-
ture tube filament receives about half of its
normal voltage, This avoids warm-up time and
provides an '"instant on' feature, This feature
does not decrease the life of the picture tube,

When the Model GRA-104-1 Accessory Portable
Battery pack and charger is installed, the battery
is recharged automatically from the power line
with the Off-On switch in the Off position,

To operate the TV Set from the Accessory
Portable Battery pack, plug the Battery pack
cable onto the TV Set accessory plug. Then
insert the line cord plug into the receptacle on
the rear of the cabinet and operate the controls
as directed for 105-125 volt AC operation,

The TV Set can also be used withan external 12
volt DC supply, such as a boat or automobile
battery, To do this, the 5-pin socket must be
prepared as shown in Figure 7B, using #18
gauge stranded wire of any two colors (red and
black are shown here), Then refer to Figure
7C and install the socket on the 5-pin plug at
the rear of the chassis, Connect the black and
red leads to the correct negative and positive
terminals of the external 12 volt source, Insert
the line cord plug into the receptacle onthe rear
of the cabinet and operate the controls as di-
rected for 105-125 volt AC operation,

NOTE: The "instant on' feature will apply only
to the sound when this TV Set is used with
either the Accessory Portable Battery pack or
with an external 12 volt supply, The picture tube
will not reach normal brightness for approxi-
mately fifteen seconds after the power isturned
on, This will conserve battery life as no power
is drawn when the switch is in the Off position,
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1. PLACE WIRES THROUGH 1. INSTALL CAP
SOCKET CAP. OVER SOCKET.

2. CONNECT WIRES TO LUGS.

SMALL DENT

GROOVE

1. BEND TABS
OVER SOCKET.

Figure 7B

LINE CORD
PLUG

NEGATIVE
TERMINAL

SOCKET
RED

POSITIV
TERMINA

rm

1. PUSH 5-PIN SOCKET ON
5-PIN PLUG.

2. CONNECT WIRES TO BATTERY.

3. PUSH LINE CORD PLUG INTO
LINE CORD SWITCH.

Figure 7C
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CONNECTING !NTENNIS rlDJUSTING VHF ANTENNA I

— iz e
. _‘: 0 i ~
" ] I s
{ ',;'\
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L =" 4\ 2. ADJUST HEIGHT
AND ROTATE
/' ANTENNA,
..
q';; N
\ R~ || i P
w b 7
s ] ¥
f&\ *- i

SECTION OF
ANTENNA,

RED WIRE

Nr—@]

lDJUSTING UHF ANTENNA I

1. LEAVE ANTENNA IN
VERTICAL POSITION,

1. TWIST ANTENNA CLOCKWISE OR
COUNTERCLOCKWISE FROM
HORIZONTAL POSITION.

I 2. BEND ANTENNA DOWN TO
HORIZONTAL POSITION.

Figure 7D
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VHF AND UHF PORTABLE ANTENNAS

The following steps tell you how to connect and
position the portable antennas which were re-
ceived with this kit, NOTE: For best reception,
always disconnect these antennas when external
VHF and UHF antennas are being used in place
of them,

Refer to Figure 7D (fold-out from this page)
for the following steps,

( ) Connect the red wire, coming through the
back of the cabinet, to either of the VHF
antenna terminals; then tighten the screw,

( ) Install the loop antenna between the UHF
antenna terminals, Then tighten both screws,

The whip antenna is used for VHF operation, To
use this antenna, pull the lower section all the
way out of the cabinet, Then rotate the antenna
and adjust its height for best reception,

The UHF loop antenna can be turned to various
positions to receive the best signal, Figure 7D
shows how the antenna can be adjusted,

ATTENUATOR PAD FOR VHF
OUTDOOR ANTENNAS

A distorted picture can sometimes be causedby
too large a signal, especially in metropolitan
areas, where the transmitting antenna is quite
close to the receiving antenna,

The distortion will appear as a tearing or bend-
ing condition, as shown in Figure 22 on Page 68,
In this case, the signal from the antenna can be
reduced by using an attenuator pad, like the one
shown in Figure TE,Connect this pad between the
antenna and the TV Set, as shown, Resistorsfor
making these pads can be obtained locally,

R2

. ‘W 5
TO T L_ 77
ANTENNA VIHE

R1 R1 ANTENNA
TERMINALS

R2

FOR A SMALL AMOUNT OF ATTENUATION (6 DB)
R1=9100
R2 = 110 %2

FOR A MEDIUM AMOUNT OF ATTENUATION (12 DBI
R1 =5100
R2 - 2700

FOR A LARGE AMOUNT OF ATTENUATION (18 DB

R1 =3900
R2 = 560 1

Figure TE



IN CASE OF DIFFICULTY

NOTE: Refer to the Kit Builders Guide for
Service and Warranty information,

This section of the Manual is divided into two
parts, The first part, titled General, describes
what to do about any difficulties that might occur
right after the TV Set is assembled, The second
part, titled Troubleshooting, tells how tofind out
why a television set is not working properly,

A Troubleshooting Chart is also provided, This
Chart lists a number of possible difficulties that
could arise, It also shows how the picture would
look with these difficulties, and lists several
possible causes,

Figure 8 (fold-out from Page 58) shows the
signal paths and the principal functions of

various stages in the TV Set, This will help you
localize difficulties to particular stages,

The Circuit Board X-Ray Views (Page 94) and the
Chassis Photographs (Page 95) show the loca-
tions of components on the circuit boards and
chassis, The Block Diagram (fold-out from Page
82), and the Schematic Diagram (fold-out from
Page 97), -are aids for locating causes of diffi-
culties, '

Before you try to locate the cause of difficulty,
recheck the operation of the controls on your
TV Set, Be sure the controls that are mounted
on the circuit boards have been adjusted asout-
lined in the Adjustment section of this Manual,

WARNING High voltages are present at some
points in this TV Set, Use caution to avoid shock,

GENERAL

The following general checks should be made if
the TV Set fails to respond properly after the
kit is assembled, during the Adjustments,

1, The first step in locating your difficulty is
to make a visual inspection of the whole TV
Set to make sure there are noobvious faults
or errors, Look for faulty or unsoldered

HEATHIXITS®

connections, burned or overheated parts,
bare wires touching each other, solder
bridges between circuit board foils, etc,
Make sure there are not bits of solder, wire
ends, or other foreign matter, lodged inthe
wiring, Check any terminals thathave more
than one or two wires attached to make sure
all wires are soldered,

Page 61
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2, Recheck the wiring against the Pictorials,
Make sure the correct resistors and capaci-
tors have been installed at each location, It
is not difficult, for example, to mistake the
orange band of a 10 KQ (brown-black-
orange) resistor for the yellow band of a
100 K@ (brown-black-yellow) resistor, or

vice versa, Check to seethatall transistors
are properly connected,

3. It is often helpful to have a friend check
your work, Someone who is not so familiar
with the unit may notice something that you
have consistently overlooked,

TROUBLESHOOTING

The following information will most often be used
to deal with difficulties that might occur after the
TV Set has beenin operationfor some time, This
type of difficulty is usually caused bytransistor
failure or parts breakdown,

Troubleshooting your TV Set means to search
through it to find out why it is not operating
properly, First, you must determine the general
area the trouble is in; then you must find the
cause of the trouble and correct it,

FINDING THE AREA

Use some detective work to locate a trouble in
your TV Set, A detective examines clues, ques-
tions suspects, and eliminates the innocent, to
solve a case, In a similar manner, you should
analyze the clues or symptoms that are presented
by your TV Set, The number of suspected causes
can be reduced through aprocess of elimination,
Study the Block Diagram in Figure 8 to under-
stand the function of the various circuits, Then
determine which sections are operating properly
and could NOT cause the trouble, A reviewof the
Circuit Description may also be helpful,

Suppose, for an example of this type of analysis,
that the sound in your TV Set is good and the face
of the picture tube is lit up, but no picture
appears on the screen, Refer to Figure 8 and note
that these clues (sound ok, bright picture tube,
no picture) eliminate all circuits except the video
output stage, Q105, (The picture is probably ok
from the antenna to video detector Q104 because
the sound is ok, and the sound and picture travel
together through these stages, The lit-up picture
tube indicates that all other circuits except
Q105 are probably ok,) The next step is to find
the trouble itself by using the suggestions given
in the next section: "Finding The Trouble,”

In another example, the picture rolls vertically
very rapidly and cannot be made to stop, In this
case, the trouble might be in the sync separator
stage (Q201), which supplies control signals, or
in the circuits of vertical oscillator and output
transistors Q204, Q205, and Q302,

NOTE: In the event of audio trouble, integrated
circuit Q108 should be the least suspected, Check
the components and circuits that connect to Q108
first, The Troubleshooting Chart will help you
locate the trouble, See "Tests For Integrated
Circuit Q108," Page 73,
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FINDING THE TROUBLE

When you have localized the trouble toa general
area, search that area carefully tofindthe exact
cause of the trouble, Start by making a more
complete visual inspection of the area, aslisted
below,

A, About 90% of the kits that are returned for
repair do not function properly because of
poor solder connections, Search through all
the connections in the trouble area to make

sure they are properly soldered, Troubles

can often be eliminated by reheating all con-
nections to be sure they are properly sol-
dered,

B. Check the values of the parts to make sure
the proper part is wired into the circuit at
each location,

C, Check the transistors to be sure the correct
transistor is wired properly into each cir-
cuit,

If the above checks donot reveal the trouble,
and a voltmeter is available, check the volt-
age readings against those onthe Schematic
Diagram (fold-out from Page 97), NOTE:
All voltage measurements were made with
an 11 megohm input vacuum tube voltmeter,
Voltages may vary as much as +15%,

REPAIRING THE TV SET

When you repair your TV Set, make sure you
eliminate both the cause and the effect of your
trouble, For example, suppose youfoundaburn-
ed resistor in the Set, This would indicate that
another faulty component, or a wiring error, or
a short circuit, had caused the resistor toburn,
You must eliminate the cause before youreplace
the resistor, or the new resistor will alsoburn,

Since a television set is an extremely complex
device, a case may sometimes arise where the
trouble is notfound, even after making the checks
listed above, If this condition should occur, you
may avail yourself of the help provided by the
Heath Technical Consultation Department or
Service Department as described in the Kit
Builders Guide,

NOTE: When writing to the Heath Company, be
sure to include the following information: kit
Model Number, Series Number, purchase date,
and date of the kit assembly Manual (date at
bottom of Page 1).

TROUBLESHOOTING CHART

The Troubleshooting Chart that follows lists
some possible difficulties that might arise in
the operaton of your Television Set, The sug-
gested possible causes are given primarily
to direct your attention to the areas most likely
to be faulty; they do not rule out other possi-
bilities,
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TROUBLESHOOTING CHART

TROUBLE PICTURE POSSIBLE CAUSE

TV ,Set‘ Circuit breaker open,*
completely Line cord unplugged, unsoldered, or
dead, ' broken,

Incorrect wiring of Off-On switch,
line cord switch, or red leads ofhar-
ness to circuit boards,

Connections to power supply terminal
strips,

Faulty diode D303 or D304,

Faulty transistor Q206, Q207, or Q303,

Figure 9

1, Faulty picture tube filament connec-
tions (at circuit board and pins 3 and
4 of CRT socket) or faulty picture tube,
High wvoltage anode not connected,
Brightness control not clockwise,
Yoke leads open,

Check voltages at picture tube base,
Faulty diode D301 or picture tube,

No light on screén,
sound OK| pilot
lamps lit,

. *

G'JU'I.IP-QDN

Faulty transistor Q202, Q203, Q301,
Faulty components in these circuits,
Open transformer T201,
Open transformer T301,
Open transformer T202,

No light on screen,
sound OK, pilot .
lamps not lit, o Figure 10

° ®

01»-53-.“.0'-\3*-‘

e

*Push button to reset, If the power transformer circuit breaker will not stay closed, there is a short
circuit in the power supply, If the B+ circuit breaker will not stay closed, there is a short circuit
in other sections of the TV Set,
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POSSIBLE CAUSE

TROUBLE PICTURE s ol
: = AGC control misadjusted,

Light on screen, no
picture, no snow,
no sound, no noise,

Figure 11

IF input cable connected to wrong
tuner lug, or shield lead touching
lug,

Check all connections to tuner and
audio-video circuit board,
Transistors Q101, Q102, Q103, Q104,
Q106, Q107,

Faulty components in one of the tran-
sistor eircuits listed in step 4,

Make sure the violet and grayharness
wires are connectedto the proper lugs
on the VHF tuner,

Faulty VHF tuner,

No UHF reception,
VHF reception OK,

U’i:hwm

No UHF antenna or faulty UHF antenna

connections,
Faulty UHF -to-VHF connector cable,

Check all wiring to both tuners,
Check voltage at lug 3 of UHF tuner,

Faulty UHF tuner,

Light on screen,
sound OK, but no
picture or jumbled
picture,

— .

CDO'I:P-ODNH

Figure 13

Fine Tuning misadjusted,
Horizontal Hold misadjusted,
Vertical Hold misadjusted,

AGC misadjusted,

Transistor Q105 and associatedparts,
Transistor Q107 and associated parts,
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TROUBLE

Picture OK, no
sound, or
distorted sound,

PICTURE 7 POSSIBLE CAUSE

Fine tuning misadjusted,

Transistors Q104, Q109, Q110, Q111,
or associated circuits,

Defective speaker or wiring to cir-
cuit board,

Leads to Volume control shorted or
connected wrong,

Misadjusted transformers T105 or
T1086,

Integrated circuit Q108 defective, *

No horizontal de-
flection (white line
down center of
screen),

igure 15

Yoke wiring to circuit board,

Open horizontal deflection coils in
yoke,

Open capacitor C302,

No vertical de-
flection (white
line across
center of screen,

Figure 16

Vertical output choke L303,

Vertical deflection coils in yoke,
Transistors Q204, Q205, or Q302 and
associated parts,

Picture not 'station-
ary on screen (no
horizontal or
vertical sync).

s

Figure 17

1,
24
3

AGC control misadjusted,
Transistor Q201 andassociated parts,
Transistor Q107 andassociatedparts,

*NOTE: Integrated circuit Q108 is a rugged unit and does not damage easily, Check all other audio
Refer to Page 73 to test integrated circuit Q108,

circuit components before suspecting Q108,
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TROUBLE PICTURE POSSIBLE CAUSE

Vertical Hold control misadjusted,
Height or Linearity control misad-
justed,

AGC control misadjusted,
Transistors Q204, Q205, and asso-
ciated parts,

Resistors R223, R224, capacitors
C221, C218,

Picture rolls (no
vertical sync).

No horizontal
hold,

Horizontal Hold control misadjusted,

AGC control misadjusted, 7
Faulty dual diode D201-D202 and asso-
ciated parts,

Transistor Q202 and associated parts,

Wiring of transformer T301,

Figure 21
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TROUBLE PICTURE POSSIBLE CAUSE

1, AGC control misadjusted,
2, Transistor Q107 andassociatedparts,

Picture tears or
bends,

1, Fine Tuning misadjusted,
12, Local RF interference,
3. 4.5 MHz trap (L105) misadjusted,

Herringbone inter-
ference in picture,

1, Fine Tuning misadjusted,
2. Poor video IF alignment,
3. Shorted capacitor C134,

Picture smeared
(not clear),

Figure 25
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TROUBLE

No contrast
(picture washed
out), no bright-
ness, no Snow,

PICTURE

Figure 26

POSSIBLE CAUSE

Open capacitor C134,

Brightness control misadjusted,
Transistors Q104, Q105, and asso-
ciated parts,

Defective picture tube,

Contrast control misadjusted,

Brightness control
does not have
enough range,

Faulty Brightness control,
Faulty diode D301 or D104,
Faulty capacitor C135,

Faulty resistor R129,

Snowy picture,

Poor antenna,

Tuner or tuners,

VHF and UHF antenna leads inter-
changed,

Picture slow coming
on, does not fill
screen horizontally,

Figure 28

Low battery voltage,

Diodes D303, D304, D306,
Transistors Q206, Q207, Q303 and
associated parts,

Improper low voltage (LO V) Ad]ust-
ment (Page 52).
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TROUBLE

Retrace lines
diagonally across
picture,

PICTURE

POSSIBLE CAUSE

No vertical retrace blanking,
Resistors R237, R239, capacitors
C225, C227,

Top of picture
stretched (people's
heads too long).,

Vertical Linearity control misadjust-
ed,

Resistor R234,

Bottom of picture
stretched (people's
leg too long).

B T Y 1

"

. Height control misadjusted,
2. Resistor R227,

Neck shadow (corner
of picture black).

Figure 32

e ] B

1, Deflection yoke out of position on
picture tube neck,

2. Picture centering magnets misad-
justed,
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TROUBLE

PICTURE POSSIBLE CAUSE

NOTE: The following symptoms may indicate a faulty picture tube, It is suggested that you obtain
a professional opinicn before you replace the picture tube,

Rl

Picture slow to
come on, has a
dim milky look,

1. Picture tube.

Light on screen, no
picture, Brightness
control has no effect,

1. Picture tube.

Highlights (bright
objects) look silvery
or artificial as
Brightness control
is turned up,

1. Picture tube.

As Brightness controll
is turned up, pic-
ture tends to go
negative,

1. Picture tube.

F igur 36
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TROUBLE PICTURE

Picture upside
down,

Figure 37

POSSIBLE CAUSE

1, Green andorange deflection yoke
wires reversed,

2, Deflection yoke installed upside
down,

Trace lines
out of focus,

SHARP LINES
{CORRECT FOCUS)

DEFOCUSED LINES
(INCORRECT FOCUS)

Figure 38

1. Focus voltage,
Perform the
adjustment
listed below,

FOCUS ADJUSTMENT

Refer to Pictorial 3-8 (fold-out from Page 5T)
and to Figure 38 above,

CAUTION: Do not touch lug 2 of terminal strip
Y with your fingers during the following adjust-
ment, This terminal is connected to +135 volts
DC,

Study Figure 38 carefully; it is sometimes diffi-
cult to distinguish between properly focused and
defocused lines, Then unplug the white picture
tube socket lead from lug 2 of terminal strip Y,
Alternately plug this lead into lug 1 and lug 2 of
terminal strip Y while studying the focusing on
the screen, Leave the lead plugged onto the lug
that produces the best focusing,
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TESTS FOR INTEGRATED CIRCUIT Q108

If a normal picture is present on the screen
but there is no sound (or distorted sound),
from the loudspeaker, the trouble will be found
within the audio section of the TV Set,

NOTE: Integrated circuit Q108 is a rugged unit,
not easily damaged, It should be the last circuit
to be suspected in the event of audio trouble,
Check all components and circuits that connect
to Q108 before suspecting the integrated circuit,

Carefully re-examine all the circuits and com-
ponents in the audio section, Be sure the correct
transistors have been properly wired into the
circuit, Be sure the correct resistors and
capacitors are in the proper locations, and that
there are no unsoldered, or poorly soldered
connections,

If careful inspection does not reveal the cause of
trouble, refer to the Schematic Diagram (fold-
out from Page 97) and make voltage tests in
the audio circuit, Measure the integrated cir-
cuit voltages last, as directed in the following
paragraphs,

The following chart lists the normal voltages
that should be found at the pins of integrated
circuit Q108, and the components to check if
these voltages vary more than #15%, The chart
assumes that the picture on the CRT screen is
normal, Voltages are measured with an11 meg-
ohm input VTVM from chassis ground to the
point indicated,

Q108 Normal Possible cause, if
Lead # Voltage voltage is not correct,
1 21 C131, C132

2 2,1 C131, C132

3 2,1 C1386

4 2,1 C1317, T106

5 7.5 R143, T106

6 2,1 C138, T106

7 2,1 C138, T106

8 0 Open ground connection
9 0,7 R145, R146, C141

10 7.5 R113, R144, C139

If the correct voltages are measured at each
lead of integrated circuit Q108, and still no
sound is heard from the speaker, repeat the
Sound Detector and Sound Take-Off adjustments
on Page 53, Only if this fails should you suspect
Q108,



ALIGNMENT

Instrument alignment of this TV Set is not nor-
mally required because all tuners, coils and
traps have been carefully preset at the factory,
The following information is given in case
alignment should be needed at some future
time,

WARNING! Do not attempt to align this TV Set
unless you have previous TV alignment expe‘ri-
ence, a thorough knowledge of the theory in-
volved, and the necessary equipment,

EQUIPMENT NEEDED

1, VHF-TV Sweep and Marker Generator, such
as the Heath TV Alignment Generator,

2, An RF Generator, of crystal-controlled
accuracy, with a frequency range of 4 MHz
through 50 MHz, and AM modulated,

3. An Oscilloscope, such as the Heath Labora-
tory Oscilloscope, and an oscilloscope de-
modulator probe,

4, A Bias Supply capable of furnishing from 0
to 2,5 volts, (Two flashlight batteries and
an adjustable control can be used,)

SOUND IF AND DETECTOR ALIGNMENT
(Figure 39)

1, Connect the oscilloscope and generator
ground leads to chassis ground as close as
possible to their respective test points
throughout the alignment procedure,
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2, Connect one lead of a ,001 pfd capacitor at
TP1 (Base of Q104),

3. Connect the properly terminated sweep and
marker generator to the free end of the
001 pfd capacitor. Set the sweep generator
to a center frequency of 4.5 MHz, with an
approximate sweep width of 500 kHz, Set
the marker generator to 4,5 MHz,

NOTE: The 4,5 MHz marker frequency should be
of crystal controlled accuracy,

4, Connect the vertical input of the oscilloscope
to TP2 (the junction of resistor R145 and the
shielded lead from the Volume control),

5, Turn the AGC control fully clockwise as
viewed from the foil side of the audio-video
circuit board,

6. Increase the output of the sweep and marker
generator until an S-curve similar to Wave -
form A appears on the oscilloscope screen
(disregard the 4.5 MHz marker). NOTE:
The S-curve can have an opposite polarity
from that shown in Waveform A due to the
particular oscilloscope and sweep gener-
ator being used, If an extreme amount of
"orass’ from the horizontal oscillator ap-
pears on the curve, shunt the input of the
oscilloscope to ground with a ,001 pfd
capacitor,

NOTE: Keep the output of the generator as low
as possible in the following steps while still
maintaining the correct waveform, These wave-
forms are shown disregarding the center line
reference on the oscilloscope,

HEATHKEITY
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SOUND ALIGNMENT

CENTER
THE
4,5 MHz
MARKER

150 pf

SCOPE =

1

001 =

GND S ———AAA——

10K
—‘l}_——>10 TPS
AA's ]

DEMODULATOR
PROBE CIRCUIT

WAVEFORM A
CORRECT PATTERN

DETECTOR
T106

Figure 39

( ) Adjust the bottom slug in T1086, and the top
and bottom slugs in T105 for maximum am-
plitude and symmetry of the S-curve, It
may be necessary to make these adjust-
ments several times to obtain Waveform A,

{ ) Adjust the top slug in T106 to position the

4,5 MHz marker in the center of the linear

portion of the waveform, as shown inwave-

form A of Figure 39, Waveform B shows
the incorrect positions of the 4,5 MHz
marker,

{ ) Remove the oscilloscope and sweep and

marker generator connections from the

circuit board,

Repeat the Sound Detector And Sound Take-
off Adjustments on Page 53,

+ GND

&

OSCILLOSCOPE
WAVEFORM B

INCORRECT PATTERN

SWEEP AND MARKER
GENERATOR

WAVEFORM C

WAVEFORM D

4.5 MHz TRAP ADJUSTMENTS

( ) Use a demodulator probe to connect the
oscilloscope at TP3 (collector of Q105),

( ) Connect the RF generator through a ,001
utd capacitor to TP1 (base of Q104). Set
the generator for a 4,5 MHz signal that is
audio modulated at 400 Hz,

NOTE: The oscilloscope screen should show a
pattern similar to Waveform C,

() Adjust the slug in L105 until the pattern
is reduced to minimum, See Waveform D,

() Remove all connections from the circuit
board,
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VIDEQ IF ALIGNMENT (Figure 40) 5, Shunt T102 and T103 with a 100  resistor
as shown,
1, Turn the VHF tuner to the channel 10 posi-
tion, 6. Connect the properly terminated sweep and
marker generator through a .001 pfd ca-
2., Turn the AGC control fully clockwise as pacitor as directed in the first step in the
viewed from the foil side of the audio-video Video Alignment Chart,
circuit board,
7. Connect the positive lead of the bias supply
to TP4 (junction of C106 and R102), Connect
3. Connect one end of a 22 K resistor at TP1 the negative lead to the chassis, Adjust the
(Base of Q104), bias supply to 1,5 volts DC,
4, Connect the oscilloscope vertical input to Perform the steps in order as shown in the fol-

the free end of the 22 KQ resistor, lowing Video Alignment Chart,

VIDEO IF ALIGNMENT

VHF TUNER

47.25 MHz 39,75 MHz
T101 Lio2 L101

\
SEE INSET

FULL CLOCKWISE

SWEEP AND
MARKER
GENERATOR

SEE VIDEO ALIGNMENT CHART .‘
FOR CONNECTING POINTS F

? ff i h
0 °
Q

oo © 00|
00

SWE EP AND MARKER
GENERATOR

OSCILLOSCOPE

Figure 40
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VIDEO ALIGNMENT CHART

Connect the Sweep generator Marker generator | Adjust for REMARKS

sweep and center frequency frequency maximum _
STAGE marker gen- approximately gain and Set bias to

erator through 43,5 MHz, Sweep bandwidth, 1,5 volts,

a 001 pfd width approxi- except as

capacitor to: mately 8 MHz, indicated (*)

1 3rd IF TP5 42,17 MHz 45.75 MMz 42,17 MHz Top and Use full vertical gain of
Video collector 45,75 MHz bottom oscilloscope, Adjust out-
Detector of Q102 (both CW) slugs of put of sweep generator
T104 T104 to produce approximate-

R ly 2" of vertical deflec-
OF MAX.. AMBLITUDE tion, Keep marker out-
put low enough so that
it does not distort the

waveform,

2 | 2nd IF(T103) TP6 45.75 Mz 42,5 MHz Adjust Remove both 100
1st IF (T102) Secondary P — 45,75 MHz BOTH shunt resistors,

(See Remarks) | of T101 2.50 90% OF MAX. (both CW) T103 and
MHE AMPLITUDE
T102 to
AT APPROX. 25% produce Reduce output of sweep
OF MAX. AMPLITUDE waveform and marker generators,
as shown,

3 | L1101 VHF TUNER 39,75 MHz {(*)Adjust L101 Reduce sweep width and
(Adjacent TP7 47,25 MHz for MINIMUM increase generator out-
channel pic- (Base of Q2) S Faits (both CW) at 39,75 MHz, put to observe marker
ture trap) through a 10 locations more clearly,
L102 i

pf capacitor .
(Adjacent e (¥)Adjust L102
hannel ; for MINIMUM
¢ of Figure 2) M
sound trap) at 47,25 MHz,

4 | T101 VHF TUNER 42,5 MHz T1 Reduce output of sweep
(Circuit board TP7 45,75 MHz Tuner IF and marker generator,
input IF) and (Base of Q2) (both CW) output coil
T1 (Mixer through a

: 125 wre T101
output IF) 10 pf eapac- 39.75 MHz 7.25 M )
Overall IF itor OF MaX, AMPLITUDE. IF_lnput
response coil

NOTE: Retouch
adjustments in
steps 1 and 2 to
obtain the cor-
rect overall
response curve,

{ ) Disconnect the test leads and bias supply.
Disconnect the 22 KQ resistor from TP1
and the matching pad from the VHF tuner,
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TUNER ALIGNMENT

VHF TUNER ALIGNMENT

Refer to Figure 41 for the following steps,

()

()

()

()

Connect the oscilloscope, sweep and marker
generator, and bias supply (set to +2 volts)
to the VHF tuner as shown in the Figure,

Turn the Channel Selector to the channel
10 position,

Adjust the sweep generator to a center fre-
quency of 196 MHz, with a sweep width of
10 MHz,

Adjust the marker generator for markers
at 193,25 MHz (picture carrier) and 197,75
MHz (sound carrier),

Adjust capacitors C6 and C11 {for the
correct response, as shown,

If the tilt or valley between the markers
cannot be adjusted to within the 30% maxi-
mum tolerance, it can be brought within
limits by physically compressing or ex-
panding coil L5 for this channel,

Check the other channels for the correct
bandwidth and tilt or valley, Use the ac-
companying Tuner FrequencyCharton Page
79 for the correct marker frequencies for
each channel, Compress or expand coil L5
to bring the tilt or valley within the 30%
tolerance on any channels where the valley
is over 30% of the overall waveform ampli-
tude,

NOTE: If the bandwidth is too wide, or too
narrow on most of the high channels, it can be
corrected by compressing or expanding coil

L9,

30% MAX, TILT OR
VALLEY BETWEEN
MARKER TILT OR
VALLEY

MINIMUM BANDWIDTH
P=PICTURE CARRIER
S=SOUND CARRIER

OsSCILLOSCOPE
SWEEP AND MARKER
GENERATOCR
(=

o

O

19
® o o O

0 o O

0“00

-

|
i

VHF TUNER
SIDE VIEW

Figure 41
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VHF OSCILLATOR ALIGNMENT

()

Do not use the following procedure unless the
Fine Tuning control will not tune through a

station,

() Connect the VHF antenna to the antenna input

terminals of the tuner,

() Tune through each of the channels normally
received in your locality, If the Fine Tuning
control does not properly tune all of these
channels, set the Channel Selector to the

channel on which the Fine Tuning control

has the least effect (the one that is farthest

off frequency).

Turn the Fine Tuning control two full
turns clockwise, then turn it back counter-
clockwise exactly one turn, This will center
the Fine Tuning control mechanically for
this channel,

Adjust oscillator trimmer capacitor C19 to
obtain the best sound and picture, This will

- automatically adjust the Fine Tuning range

for all the other channels,

This completes the VHF tuner alignment,

TUNER FREQUENCY CHART

U.,S. TELEVISION CHANNEL FREQUENCIES

BAND

54-60
60-66
66-72
76-82
82-88
174-180
180-186
186-192
192-198
198-204
204-210
210-216
656-662

UHF TUNER ALIGNMENT

CENTER
FREQ. MHz

¢ 9

NOTE: The complete VHF tuner and IF strip
must be aligned properly before aligning the ()

UHF tuner,

( ) Connect a UHF sweep generator to the UHF
antenna terminals through the matching pad
used in the VHF alignment procedure, ()

( ) Connect the oscilloscope and the bias supply

to the VHF tuner as shown in Figure 41,

PICTURE SOUND
CARRIER CARRIER

59,75
65,75
71,75
81,75
87,75
179,25
185,75
191,75
197,75
203,75
209,75
215,75
661,75

Turn the VHF Channel Selector to the UHF
position, Tune the UHF dial to channel 50,

Tune the sweep generator to a center fre-
quency of 698 MHz, with a sweep width of
approximately 15 MHz,

Adjust coil L6 for a maximum gain and
bandwidth, See Figure 41,

This completes the alignment procedure,
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VHF TUNER REPLACEMENT PARTS LIST

DART
No,

235-1
235-2
235-3
235-4
235-5
235-86
235-7
235-8
235-9
235-10
235-11
235-12
235-13
235-14

REMOVING TUNING
STRIP

PRY TUNING STRIP LOOSE
AT END OF GEAR SHAFT
WITH SCREWDRIVER.
THEN LIFT UP TO REMOVE
TUNING STRIP.,

DESCRIPTION

Channel 1 UHF tuning strip
Channel 2 tuning strip
Channel 3 tuning strip
Channel 4 tuning strip
Channel 5 tuning strip
Channel 6 tuning strip
Channel 7 tuning strip
Channel 8 tuning strip
Channel 9 tuning strip
Channel 10 tuning strip
Channel 11 tuning strip
Channel 12 tuning strip
Channel 13 tuning strip
Balun antenna coil assembly

INSTALLING TUNING
STRIP

TUNING STRIP

INSERT TUNING STRIP
IN HOLE. THEN PUSH
STRIP DOWN INTO
PLACE.

VHF TUNER WITH
COVER REMOVED



SPECIFICATIONS

pictureSize.--o..-...-..-.-...o-ooo

Defleci:ionooo-o-.o--.c-ocoocoouo-too
Focuscncooocoouo.oo--o-ooooouoc-o-

Antenna Input Impedance,

L]
L]
L]
.
°
o
.
®
e
°
®
.
®
°
.

TuningRange. ¢ o 8 & 0 8 & & 8 O 0 & 6 O 6 0O B8 OO b 00

Picture IF Carrier, v oessavsessassossve
Sound IE' CAPrier; .. «.e s+ sui 5 aus 5560 506 89 5
SOUNA TE, 0 oo o v 5 i 0 6 9 60 55000 6 8 00 onvie & s
Video ReSponse, s s s s e v svescsoscssvesne

Audio POW@I’OUtpUt._.............-.-.-

Front Panel Controls; . ¢ cess s.6 s s 45 s's 5% o8

Rear Chassis ControlS, o v cees s oo eesesossas

HEATEEITY

12" overall diagonal, 74 square inch viewing
area,

Magnetic, 110 degrees,
Electrostatic,
300 @ balanced,

VHF TV channels 2 through 13 (memory-type
Fine Tuning).

UHF TV channels 14 through 83 (planetarydrive
tuning).

45,75 MHz,
41,25 MHz,
4,5 MHz,
To 3,5 MHz,

500 Milliwatts into 24 © load (speaker impedance
=24 Q),

UHF Coarse Tuning, UHF Fine Tuning, VHF
Coarse Tuning, VHF Fine Tuning, Off/On/Vol-
ume, Brightness, Contrast, Vertical Hold,
Horizontal Hold,

Height, Vertical Linearity, AGC, Low Voltage
Adjust,

Page 81
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= s

Diodecomplement....l........l......

Transistor Complement, , . v s eos s e e essesae

Integrated Circuit, s v s s sve v oo sooseccace

Power RequirementS, . s s s sessvssevssonse

OveraIISizelll.l..'.'........"..l..

Netweight.l...0...0..‘..0...0.-.0..

Accessory...............-....--..--

DD

Pt =t DD

DO s e b e e e e

O -t

DO

1N82A: UHF mizxer,

1N295: Video detector,

1N191: AGC gating, horizontal gate,

16U1: Dual; A Horizontal automatic phase
control,

#56-16: Low voltage regulator (zener).
#57-27: CRT preheat rectifier,

#57-42: Low voltage power supply,

#57-45: High voltage rectifier (15,5 KV).
DRS-102: Horizontal damper,

6MO380: UHF oscillator,

S1286: VHF RF amplifier,

S1276: VHF mixer,

S1296: VHF oscillator,

SE5023: 1st video IF amplifier,

SE5024: 2nd video IF amplifier,

SE5025: 3rd video IF amplifier,

2N3692: Video driver, AGC amplifier, tuner
AGC, Sync separator,

2N3566: Audio driver, low voltage regu-
lator reference.

S2090: Audio output (NPN),

S2091: Audio output (PNP),

2N3638: Vertical oscillator, verticaldriver,
low voltage regulator control,

2N3731: Horizontal output,

MP1613: Vertical output,

2N3567: Horizontal oscillator, Horizontal
driver,

2N3923: Video power output,

40050: Low voltage regulator,

CA3013: audio IF amplifier, FM sound
detector, first audio driver, (Consists of
12 transistors, 12 diodes, 15 resistors,)

105-125 volts AC 60 Hz at ,35 amperes (40
watts), 12 volts DC at 1,7 amperes (20 watts).

11-1/2" high x 15-3/4" wide x 9-5/16" deep.

20 1bs,

Model GRA-104-1 Accessory Portable Battery
pack and charging circuit,

The Heath Company reserves the right to dis-
continue instruments and to change specifi-
cations at any time without incurring any obli-

gation toincorporate newfeatures in instruments
previously sold,



CIRCUIT DESCRIPTION

Refer to the Schematic Diagram (fold-out from
Page 97) and tothe Block Diagram (fold-out from
Page 82) while reading this Circuit Description,
The part numbers onthe Schematic are arranged
in the following groups tohelp yvoulocate specific
parts on the Schematic, chassis, and circuit
boards:

Parts mounted on the chassis,
Parts in the integrated circuit

300-399
400-499

NOTE: This manual uses the new IEEE (Insti-
tute of Electrical and Electronic Engineers)
and international standard term "hertz' as the
basic unit of frequency, The terms are used as
follows:

Hz (hertz) = cps (cycles per second).
kHz (kilohertz) = kc (kilocycles per second),
MHz (megahertz) = mc (megacycles per second).

TUNERS

0 - 49 Parts in the VHF tuner,

50 - 99 Parts in the UHF tuner,

100-199 Parts on the audio - video circuit
board,

200-299 Parts on the sync - sweep circuit
board,

VHF TUNER

The signal from the VHF antenna is changed
from a balanced to an unbalanced signal ininput
balun coil L1, From L1, the signal passes
through a high-pass filter which attenuates all
frequencies below channel 2, This filter con-
sists of capacitors A, B, C, and D in the P.E.C,
(printed electronic circuit); coils L2, L3, and L4;
and capacitor C1,

The desired TV channel is selected by one of
the thirteen turret-mounted channel strips,
There are twelve VHF channel strips and one
UHF converter strip, Each of the VHF strips

HEATIIXIT?®

contains an antenna coil (L5), and RF coil (L9),
a mixer coil (L12), and an oscillator coil (L14),
The UHF converter strip which is inthe channel
1 position of the VHF tuner, will be described
later with the UHF tuner,

The input signal from the high-pass filter is
coupled through coil L5 and capacitor C2 to the
base of RF amplifier transistor Q1, The ampli-
fied signal at the collector of transistor Q1 is
coupled by the transformer action of coils L9
and L12 to the base of mixertransistor Q2, Coil
L9 and capacitors C5, C6, and C8 tune the output
of transistor Q1 to the frequency of the channel,

Page 83
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Coil L12 and capacitors C9, C11, and C12 tune
the input of transistor Q2 tothe samefrequency.
Neutralizing capacitor C7 controls the amount
of feedback voltage to transistor Q1,

Transistor Q3 is connected as a Colpitts oscil-
lator, Coil L14 and capacitor C19tune the circuit
to oscillate at a frequency 45,75 MHz above the
video carrier frequency (41,25 MHz above the
audio carrier frequency), The oscillator signal
is coupled through capacitor C17 to the base of
mixer transistor Q2,

The RF signal from transistor Q1, and the
oscillator signal from transistor Q3, beat to-
gether in mixer transistor Q2 to produce the
IF (intermediate frequency), The video IF signal
is 45,75 MHz and the audio IF signal is 41,25
MHz, These IF signals are coupled through
transformer T1 to the output jack on the VHF

tuner,

The gain of RF transistor QI is controlled by
an AGC (automatic gain control) voltage, which
will be discussed later,

UHF TUNER

When the UHF converter strip (channel 1 in the
VHF tuner) is inthe circuit, the following changes
take place; coils L16 and L17, and two shorting
bars convert transistors Q1 and Q2 into two
additional IF amplifier stages; VHF oscillator
Q3 is stopped; and B+ voltage is applied to UHF
oscillator transistor Q51,

The UHF tuner is divided into three compart-
ments, as shown by dotted lines on the Schematic,
These three compartments house the RF circuit,
the mixer circuit, and the oscillator circuit, The
compartment shields prevent undesirable feed-
back,

NOTE: Some of the inductances inthe UHF tuner
are so small that they are actually short pieces
of wire, Although these are not shapedlike coils
physically, they are represented as coils or loops
in the Schematic,

The input signal from the UHF antenna is induc-
tively coupled from coil L51 to the RF tuned
circuit of coil L52 and capacitor C51A, This
tuned circuit rejects all frequencies except the
desired UHF channel, The desired signal then
passes through an opening in the mixer compart-
ment shield to the mixer tuned circuit of coil
L53 and capacitor C51B,

In the oscillator compartment, transistor Q51
is tuned to oscillate 45,75 MHz above the video
carrier frequency (41,25 MHz above the audio
carrier frequency), Coil L57, and capacitors
C51C, C53, and C54 form the tuned oscillator
circuit, Coil L56 couples the oscillator signal
back to the mixer compartment through coil L55,

The oscillator signal and the tuned RF signal
combine in mixer diode D51, resulting in a dif-
ference frequency, or IF signal, This IF signal
is coupled through RF choke L54 andthe shield-
ed cable to the junction of coils L6 and L7 in the
VHF tuner, Coil L6 tunes the circuit to the IF
frequency, The shorting bar on the UHF con-
verter strip connects the signal from coil L6,
through capacitor C2, to the base of transistor
Q1, which is now used as an IF amplifier,

Coils L16 and L17 on the UHF converter strip
replace coils L9 and L12 on the VHF channel
strip, This tunes the output of transistor Q1
and the input of transistor Q2 tothe IF frequency,
The IF signal from Q2 is then coupled through
transformer T1 to the output jack on the VHF
tuner, and through the shielded cable to the
audio-video circuit board,



HEATIIRIT)

Page 85

AUDIO-VIDEO CIRCUIT BOARD

The audio-video circuit board contains the IF
amplifiers, the video amplifier and output stages,
the audio detector amplifier and output stages,
and the AGC amplifiers, Each of these stages
will be described separately,

IF AMPLIFIER CIRCUITS

The IF signal from the VHF tuner is coupled
to the primary of transformer T101, Two ad-
jacent channel traps are in parallel with the
primary of T101, The 39,75 MHz adjacent chan-
nel picture trap consists of coil L101 and capac-
itors C101 and C102, The 47,25 MHz adjacent-
channel-audio trap consists of coil L102 and
capacitor C103, These traps tune out the un-
wanted signals from strong TV stations oper-
ating on channels adjacent to the one selected
by the tuner,

The secondary of transformer T101 is tuned to
the IF frequency by capacitors C104 and C105,
From C104, the IF signal is coupled to the base
of first video IF transistor Q101, An AGC (auto-
matic gain control) voltage is appliedtothe base
of transistor Q101 through resistor R102, A com-
plete description of the AGC circuit will be
given later,

From the collector of Q101, the amplified IF
signal is tuned by transformer T102 and coupled
through capacitor C111 to the base of second
video IF transistor @102, The negative feedback
winding of T102 and capacitor C107 couple a
portion of the IF signal back to thebase of tran-
sistor Q101 as neutralization to stabilize the
stage,

The second video IF stage is identical in oper-
ation to the first video IF stage, except that the
tuner AGC voltage is taken from the emitter
circuit of transistor Q1C2,

Third video IF transistor Q103 does notrequire
neutralization, The amplified IF signal from the

collector of transistor Q103 is coupled through
transformer T104 to detector diode D101, which
removes the IF carrier signal, A filter network
that consists of coil L103 and capacitors C125and
C126 forms alow-pass "tweet' filter to suppress
any remaining IF carrier from the video and audio
signals,

The composite video signal and the 4,5 MHz sound
IF signal appear across peaking coil L104 and
diode load resistor R121, and are coupled tothe
base of video driver transistor Q104, Resistors
R117 and R118 form a voltage divider toprovide
the correct bias voltage for the base of transis-
tor Q104,

Emitter follower stage Q104 matches the high
impedance of the detector circuit tothe low input
impedance of video output transistor Q105, Tran-
sistor Q104 also servesas aconventional ampli-
fier for the audio signals and sync signals
that are taken from its collector by transformer
T105,

VIDEO OUTPUT CIRCUIT

The video signal from the emitter of transistor
Q104 is coupled through coil L105 and capacitor
C133 to the base of video output transistor Q105,
Coil L105 traps out the 4,5 MHz beat frequency
to prevent interference with the video signal,

Contrast control R125 is inthe emitter circuit of
video output transistor Q105, It controls the pro-
portion of the emitter resistor that is bypassed
through capacitor C134, and thus controls the
gain of transistor Q105, Varying the gain of Q105
varies the contrast of the picture on the CRT
(cathode ray tube) screen,

The amplified video signal from transistor Q105
is coupled through capacitor C135 tothe cathode
of the CRT. The Brightness control, R128, and
resistors R127 and R129, determine the amount
of bias voltage onthe cathode of the CRT and thus
control the brightness of the raster,
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AGC CIRCUITS

o>
e
NZ

ONTAL

Figure 42

AGC CIRCUITS

Refer to Figure 42,

To maintain a fairly constant picture and sound
output with varying signal input strengths, AGC
(automatic gain control) is applied to three
stages in this receiver,

The sync signalthatappears acrosstransformer
T105 and resistor R122 is coupled through capac-
itor C202 to the sync separator circuit, Some of
the sync signal is also applied through resistor
R142 and AGC gain control R141 to the base of
AGC amplifier transistor Q107,

AGC amplifier Q107 is controlled by the average
level of the horizontal sync pulses, which vary
in level with the strength of the receivedsignal,

Horizontal pulses from the emitter of transistor
Q301 are coupled through capacitor C214 and
diode D102 to the collector of Q107, Resistors
R137 and R138 form a voltage divider to bias
diode D102, Transistor Q107 conducts only
when the horizontal gating pulse is present at
its collector and the horizontal sync pulse is
present at its base,

Resistors R137 and R102 and capacitor C106
form a filter network to smooth out the gated
pulses from Q107 and supply a DC bias voltage
to the base of first video IF amplifier transistor
Q101, The amount of bias on Q101 is controlled
by the average level of the horizontal sync
pulse at the base of transistor Q107 and the level
of the horizontal pulse that is used for gating,

Transistor Q101 is reverse biased to conduct
more heavily in the absence of a gignal, A
stronger received signal develops more AGC
voltage, The larger AGC voltage is applied to
transistor Q101 and the gain of the stage is
reduced,

Bias for transistor Q102, which is also reverse
biased to conduct more heavily in the absence of
a signal, is taken from the emitter of Q101
through resistor R105, Therefore, the gain of the
second IF stage is also reduced whena stronger
signal is received, The voltage drop across re-
sistor R108, in the emitter circuit of transistor
Q102, is coupled through resistor R135 to the
tuner AGC amplifier transistor, Q106,
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Automatic gain control of the RF stage in the
tuner helps keep the mixer stage from over-
loading on strong signals, The tuner AGC voltage
is applied from the collector of Q106 through
resistor R1 to the base of RF amplifier Q1, As
stronger received signals develop more AGC
voltage, the positive base bias on Q1 is in-
creased and the gain of the stage is reduced,

The greatest advantage of a gated AGC circuit is
that noise pulses, and fast changes in the input
| signal level, suchas those caused by passing air-
| planes, have little effect on the AGC voltage
| because the AGC amplifier conducts only during
' the horizontal sync pulse retrace time,

INTEGRATED CIRCUIT

Integrated circuit Q108 is a linear network of
transistors, diodes, and resistors that are con-
nected in a wide-band amplifier and sound de-
tector circuit, Because of space limitations, all
coils and capacitors are wired externally to the
integrated circuit, Refer to the inset on the
Schematic Diagram for the internal circuit of
Q108,

The 4,5 MHz sound IF signal is coupled from
transformer T105, through capacitor C131, to
the base of transistor Q108-1 in the integrated
circuit, Each of integrated circuit transistors
Q108-1, -2, -3, -4, -5, -6, -7, and -8 functions
as an emitter-follower or common-base ampli-
fier for the 4,5 MHz signal, The complete circuit
constitutes a differential amplifier, From the
collector of common-base amplifier Q108-8, the
4,5 MHz signal is coupled to sound detector
transformer T106, The demodulated signalfrom

D403

T106
e e —b—\
( %RAHO

L3

sound detector circuit is then coupled through
voltage amplifiers Q@108-11 andQ108-12, and out
of the integrated circuit, to the Volume control,

Integrated circuit transistors Q108-9 andQ108-
10 and diodes D401 and D402 regulate the bias
voltage for the other integrated circuit tran-
sistors,

Sound Detector
Refer to Figure 43,

Sound detector transformer T106 and the bal-
ance of the integrated circuit are redrawn in
Figure 43. The windings of transformer T106
are numbered L1, L2, L3, and L4 in this
Figure, L4 is just a few turns of wire tightly
wrapped around the bottom of primary wind-
ing L1,

Diodes D405, D406, and D407 are reverse-
biased to exhibit the characteristics of ca-
pacitors, They are drawn as capacitors in
Figure 41 to help you follow their function in
this circuit description,

The 4.5 MHz audio IF signal that was ampli-
fied by the first eight transistors in the inte-
grated circuit is applied across the primary
(L1) of transformer T106, Capacitors C138 and
C139 tune the primary and secondary of T106
to 4,5 MHz, Consider a separate voltage in-
duced by the primary into each of the other
three windings, L4, which is closely coupled to
the primary, introduces a voltage thatis in series
with both L2 and L3, This voltage across L4 is
relatively constant in amplitude as long as the
voltage across L1 does not change,

D405

Q1oe-11 Q108-12

R415

D406

D404

RATIO DETECTOR

Figure 43
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Notice that each diode, D403 and D404, has its
own loop through which its current flows (indi-
cated by the arrows), Current flowing in diode
D404 is controlled by the voltage induced in L2
and L4, which charges diode D406, (Remember
that diodes D405, D406, and D407 are reverse-
biased to act as capacitors,) Current flowing in
diode D403 is controlled by the voltage induced
in L3 and L4, which charges diode D405, Current
flows in both directions through L4, since this
coil is common to both loops,

At the 4,5 MHz IF center frequency, when the
signal is unmodulated, the diode currents are
equai and cancel each other, Thus, there is no
voltage variation across D407 at the junction of
R410 and R411, andnoaudio voltage is coupled to
transistor Q108-11,

When the IF frequency deviates from 4,5 MHz,
due to FM modulation, the current in one diode
loop increases while the current in the other
diode loop decreases, These changesare caused
by a change in the phase relationship between the
signal across L2 and L3, Now current flows
through L4 and R415 in the direction of the larger
signal, and an output voltage is developedacross
L4 and R415,

The amplitude of this audio output voltage is de-
termined by how far the IF frequency deviates
from the 4,5 MHz center frequency, The fre-
quency of this audio output voltage depends on
how often the IF frequency deviates fromthe 4,5
MHz center frequency,

The audio voltage appearing at the junction of
R415 and D407 is coupled directly to the base of
transistor Q108-11, Transistors Q108-11 and
Q108-12 are direct coupled as emitter followers

to match the relatively high impedance of the
sound detector cirecuit to the lower impedance of
the audio amplifier circuit,

AUDIO CIRCUITS

The audio output from terminal 9 of the inte-
grated circuit, is coupled through resistor R145
to the Volume control, Resistor R145 and ca-
pacitor C141 provide de-emphasis by attenua-
ting the higher audio frequencies that were ac-
centuated at the transmitter, This network also
filters out any 4,5 MHz carrier frequencies that
might remain after detection,

From the Volume control, the signal is coupled
through capacitor C142 to the base of driver
transistor Q109, where it is amplified. Re-
sistors R147 and R148, which are connected as
a voltage divider from the emitter circuit of
the output stage, provide base bias for Q109,
Resistors R151 and R155 form the collector
load for driver transistor Q109, These re-
sistors are also part of the bias network for
output transistors Q110 and Q111,

The amplified signal from the collector of Q109
is coupled directly to the base of transistor
Q111 and through isolation resistor R151 to the
base of @110, These two transistors are con-
nected in a complementary symmetry output
circuit, In this circuit, PNP transistor Q111 and
NPN transistor Q110 are connected in a class
B emitter-follower configuration, A negative-
going AC signal at the base of the output
transistors will cause Q111 to conduct, charg-
ing capacitor C144 through the voice coil of
the speaker, When the signal goes in the posi-
tive direction, Q110 will conduct and discharge
capacitor C144 back through the voice coil,
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SYNC-SWEEP CIRCUIT BOARD

The sync-sweep circuit board containg most of
the parts for the sync separator circuits andthe
horizontal and vertical sweep circuits, but some
of the parts in these circuits are mounted on the
chassis, Refer to the part numbers (and NOTES)
on the Schematic Diagram to determine whether
a part is on the circuit board or on the chassis,

SYNC SEPARATOR

From the collector of transistor Q104, the video
signal with positive-going sync pulses is coupled
through capacitor C202 and the parallel combi-
nation of capacitor C201 and resistor R201 to
the base of sync separator transistor Q201,
Capacitor C202 charges during the conducting
period of transistor Q201 and then discharges
through resistor R202,

The discharging of capacitor C201 develops a
bias on the base of transistor Q201 that is pro-
portional to the level of the signal applied,
The bias is such that transistor Q201 conducts
only during the time of the sync pulse signals,

The time constant of resistor R201 and capac-
itor C201 prevents large noise pulses from turn-
ing off transistor Q201 for a period of several
sync pulses and disrupting the synchronization
of the sweep circuits,

The amplified sync pulses are coupled from the
collector of transistor @201, through capacitor
C203, to the horizontal circuit, The sync pulses
are also integrated by the network of resistor
R223 and capacitor C218, and then coupled to
the vertical oscillator circuit by capacitor C221,

HORIZONTAL OSCILLATOR

The horizontal oscillator circuit of transistor
Q202 is capable of free-running at a frequency of
15,750 Hz in the absence of a synchronizing
signal from the sync separator,

When transistor Q202 conducts, a positive volt-
age is produced at pin1 of transformer T201 and
is coupled back through resistor R215 and ca-
pacitor C208 to the base of transistor Q202, hold-

ing Q202 in saturation, When capacitor C208 be-
comes charged, transistor Q202 stops conduct-
ing, Capacitor C208 then discharges through
Horizontal Hold control R213, The time it
takes to discharge capacitor C208 is governed
by the setting of the Horizontal Hold control,
When the voltage at the base of transistor Q202
lowers sufficiently, the transistor again con-
ducts and the cycle is repeated,

The frequency of oscillation is established by the
primary inductance of T201, the RC time con-
stant of R215, C208, the network of R214,
Horizontal Hold control R213, and the voltage
at the junction of resistors R208 and R212, The
DC wvoltage at this junction, which is applied to
lug 2 of the Horizontal Hold control is a refer-
ence voltage on which the sync pulses act, This
action will be described later, Diode D203 and
resistor R217 keep the collector of transistor
Q202 from going positive with respect to the
supply voltage to damp out ringing inthe circuit,

Transformer T201 couples the oscillator signal
to driver transistor Q203 in such a direction
that the transistor conducts when transistor
Q202 conducts and is cut off when Q202 is cut off,
The amplified oscillator signal is coupled
through transformer T202 to horizontal output
transistor @301,

HORIZONTAL OUTPUT

Horizontal output transistor Q301 conducts when
driver transistor Q203 is cut off, and is cut off
when Q203 conducts, Retrace begins when tran-
gsistor Q301 cuts off, The trace current through
horizontal deflection yoke L301, and throughthe
primary of transformer T301, is abruptly halted,
The rapid decay of current in the circuit (tran-
sistor @301, coil L301, capacitor C302, and the
primary of transformer T301) causes the circuit
to oscillate at approximately 70 kHz for one-half
cycle, This produces a pulse of approximately
11 microseconds duration, This duration is de-
termined by the resonant frequency of the
above circuit,

During the time of the positive retrace pulse,
capacitor C302 is charged, At the end of the
pulse period, retrace is completed and C302
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discharges through yoke coil L301, transformer
T301, and diode D205, causing atrace onthe CRT,
A portion of the pulse energy is stored in ca-
pacitor C232, adding to the 12 volt supply voltage
and producing a boosted voltage of 22 volts
for use in other circuits, After approximately
one-half of the trace time, transistor Q301 is
turned on and continues to provide a linear
increase of current through the yoke coil and
transformer until another retrace cycle starts,

During retrace time, the horizontal flyback
waveform causes voltage pulses to beinducedin
the windings of transformer T301, One winding
steps up the primary voltage toa veryhigh level,
This high voltage is rectified by diode D301 and
coupled to the 2nd anode of the CRT.

Another winding on transformer T301 provides
a 150 volt negative pulse, which is coupled
through the network of resistor R222 and ca-
pacitor C218 to grid 2 of the CRT. This voltage
pulse cuts off the CRT electron beam during
horizontal retrace, Capacitor C217 keeps noise
pulses from modulating the picture,

The pulse at the emitter of transistor Q301
is reduced by resistor R219, rectified by diode
D204, and filtered by capacitor C215 to supply
+135 volts to the video output transistor, the
CRT, and the neon dial lamps,

The voltage pulse at the emitter of transistor
Q301 is also divided across capacitors C213 and
C214 and is coupled to the collector circuit of
transistor @107 to key the AGC action,

Part of the signal from the horizontal output
stage is coupled back through capacitor C207
to the horizontal discriminator circuit, This
pulse is integrated by the network of C204,
and R211, and is impressed on diodes D201 and

D202,

The horizontal discriminator circuit consists of
diodes D201 and D202, and resistors R205 and
R206, The horizontal sync pulse from sync sep-
arator transistor Q201, andthe horizontal output
pulse from the emitter of transistor Q301, are
compared in this discriminator circuit, The
result of this comparison is a voltage that is

proportional to the phase difference between
the two pulses, When the two pulses are in
phase, no voltage results, If the pulses are
out of phase, the resulting voltage either adds
to, or subtracts from, the voltage at lug 3 of
the Horizontal Hold control, Therefore, this
voltage adjusts the horizontal oscillator frequen-
cy to the exact frequency of the sync pulses in
the received signal, Any tendency of the hori-
zontal oscillator to drift results in a compen-
sating voltage that synchronizes the oscillator,

VERTICAL SWEEP CIRCUITS

The negative-going sync signal from the col-
lector of transistor Q201 is integrated by the
circuit of resistor R223 and capacitor C218 to
remove the horizontal pulse from the sync
signal, The vertical sync pulse passes through
capacitor C221 to the base of vertical oscillator
transistor Q204,

When transistor Q204 conducts, a large nega-
tive-going retrace voltage is developed across
vertical output choke L303, This voltage is di-
vided across resistor R228 and capacitors C222
and C219 and coupled through resistor R224
and capacitor C221 to the base of transistor
Q204, causing the transistor to conduct even
more,

When retrace is completed, capacitor C221
is left with a charge that cuts off transistor
@204, The time required to discharge C221,
and therefore the frequency of the vertical
oscillator, is determined by the setting of
the Vertical Hold control, The vertical sync
pulse locks-in the oscillator with the frequency
of the received sync signal,

While transistor Q204 is cut off, sawtooth form-
ing capacitors C223 and C224 are charged with
a negative-going sawtooth voltage through re-
sistor R227 and Height control R226, The
amount of the charge across the capacitors is
adjusted by the Height control,

When transistor Q204 conducts, it effectively
short circuits and discharges the sawtooth ca-
pacitors,

Transistor Q205 is an emitter follower that
acts as a low-impedance driving source to
the base of transistor Q302, Some of the voltage
from the emitter of transistor Q205 is fed
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back through resistor R234 and Vertical Lin-
earity control R233 to capacitor C224, This
allows the shape of the sawtooth waveform
to be adjusted, thus controlling the vertical
sweep linearity,

The amplified sawtooth waveform at the col-
lector of transistor @302 is coupled through
capacitor C226 to the vertical deflection yoke,

The negative-going pulse at the collector of
transistor Q302 is coupled through resistor R237
and capacitor C225 to the grid of the CRT, This
pulse cuts off the electron beam during vertical
retrace time, Resistor R239 is the CRT grid
load resistor and capacitor C227 keeps noise
pulses from modulating the picture,

POWER SUPPLY CIRCUITS

Refer to Figure 44,

This Television Set will operate from the 110-
130 volt AC power line, from an external 12 to
18 volt DC source, or from the 12 volt Battery
Pack Accessory, Model GRA-104-1, Voltage
regulation is provided when operating from an
external AC or DC source, The Battery Pack
Accessory is automatically recharged when the
Receiver is connected to an AC power line,

120 VOLT AC OPERATION

When the line cord is connected to a 120 volt
AC line, power transformer T302 steps down
the line voltage to approximately 14 volts on
each side of the secondary winding, Diodes
D303 and D304 form a full-wave rectifier cir-
cuit, Approximately 18 VDC is developed and

filtered across capacitor C303.
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The power transformer circuit breaker limits
the total current that can be safely drawnby the
entire TV Set, This circuit breaker especially
protects against overloads in the voltage regu-
lator circuits,

The DC voltage leaving the power transformer
circuit breaker isreducedthrough resistor R302
and coupled to the filament of the CRT (cathode
ray tube), Diode D302 is reverse biased, or open
circuited, with the Off-On switch in the Off
position, This puts about half voltage on the
CRT filament to keep it warm, which allows
the tube to reach full brightness quickly when
full power is applied,

The DC voltage is also coupled through contacts
6 and 5 of the Line Cord switch to contact 5 of
the Off-On switch, When the Off-On switch is in
the On position, the DC passes through contacts
5 and 4 to the input of the voltage regulator cir-
cuit at the emitter of regulator transistor @303,
The voltage regulator circuit will be described
later,

The output of the voltage regulator passes
through the B+ circuit breaker, which protects
the regulator circuitsfrom overloads, The regu-
lated DC voltage across capacitor C229 is
coupled to the various circuits throughout the
TV Set,

Diode D302 passes the regulated DC voltage to
the CRT filament, The CRT reaches full heat
quickly due to the preheat voltage supplied
through resistor R302, The reverse bias of diode
D302 keeps the reduced preheat voltage from
passing to the B+ circuits when the power is
turned off,

VOLTAGE REGULATOR

The voltage regulator maintains a constant 12
volts DC output, under varying supply voltage
and load conditions, when the TV Setisoperated
on an AC power line or from anexternal 12 volt
DC source, The regulator does notoperate when
the Set is used with the Accessory Portable
Battery,

The input to the voltage regulator circuitisfrom
contact 4 of the Off-On switch, The input volt-
age is applied to the emitter of transistor Q303
and through resistor R247 to the base of tran-
sistor Q206 and the collector of Q207,

The collector voltage of Q303 is divided across.
resistors R245 and R246, The voltage at the
junction of these two resistors, which is pro-
portional to the voltage between the collector of
Q303 and ground, is coupled to the emitter of
transistor Q207,

Capacitor C233 provides a low impedance AC
path across resistor R245, Any change of voltage
at the collector of transistor Q303 will produce
a proportionate change acrossresistor R246 and
at the emitter of transistor Q207,

The voltage at the collector of transistor Q303
is applied through resistor R242 to zener diode
D206, The characteristics of a zener diode hold
the voltage across it constant, Part of this con-
stant voltage goes through control R243 to the
base of transistor @207, Control R243 is ad-
justed to provide the correct bias from emitter
to base of transistor Q207, The Q207 collector
current through resistor R247 sets the bias on
Q206, and thus on Q303, to establish the voltage
at the collector of Q303 at 12 volts,

If the voltage at the collector of Q303 changes,
at either a fast or slow rate, the emitter volt-
age at Q207 changes and causes Q303 to con-
duct more, or less, as required to supplya con-
stant voltage output from the collector of
transistor Q303, If a low resistance short de-
velops in the B+ circuit, Q303 is automatically
turned off,

The regulated voltage is then coupled through
the B+ circuit breaker to the B+ circuits of the
TV Set,

EXTERNAL BATTERY OPERATION

When the TV Set is operated from an external
12 to 18 volt source, such as an automobile or
boat battery, the AC line cord must be inserted
into the receptacle on the rear of the cabinet,
This changes the position of the line cord switch
and connects the external source to the Off-On
switch,

The two leads of the female 5-pin connector are
attached to the external source, and the connector
of the chassis, The negative source is connected
through pin 1 of the male socket to ground, The
positive source connects through pin 5 of the
socket to contact 4 of the line cord switch,
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Since the AC line cord plug is in the line cord
switch receptacle, the line cord switch is in the
12 volt position, Contacts 4 and 5 of the line cord
switch pass the positive 12 volts to contact 5
of the Off-On switch,

Line cord switch contact 6 is not in the circuit,
and resistor R302 does not supply preheat volt-
age to the CRT filament, This conserves battery
power, although the CRT filament will take
approximately 15 seconds to reach operating
temperature when the Off-On switch is turned
On,

When the Off-On switch is turned On, its con-
tacts 5 and 4 connect the positive source voltage
to the input of the voltage regulator, The regu-
lator circuit was described previously,

BATTERY PACK ACCESSORY AND
CHARGER CIRCUITS

When a Heathkit Model GRA-104-1 Battery
Pack Accessory and charger regulator is in-
stalled on the TV Set, and its female 5-pin con-
nector is attached to the male 5-pin socket on
the rear of the chassis, the power circuits op-
erate as follows:

Pin 1 of the male socket connects the negative
lead of the battery to ground, Pin 2 connects the
positive lead of the battery to contact 8 of the
Off-On switch, With this switch in the On
position, the positive battery voltage passes
through contacts 8 and 7 to contact 1 of the line
cord switech,

When the line cord plug is inserted in the line
cord switch receptacle onthe rear of the chassis,
the battery voltage passes through switch con-
tacts 1 and 2 to the B+ circuit breaker and 12
volt B+ supply line, Note that contact 6 of the line
cord switch is not in the circuit and the CRT
filament does not receive preheat voltage, The
CRT filament voltage is supplied through diode

D302 and requires approximately 15 seconds to
reach operating temperature when the Off-On
switch is turned On, Thus, there is no drain on
the battery when the Off-On switch is turned off,

When the Battery Pack Accessory is installed,
and the line cord is connected to a 120 volt AC
source, the battery is charged automatically
whenever the Off-On switch is turned Off, On,
and then Off again, The charging circuit is
described as follows:

The rectified voltage from the power trans-
former center-tap is filtered by capacitor C303,
This voltage is passed through contacts 6 and 5
of the line cord switch, and contacts 5 and 6 of
the Off-On switch, to pin 4 of the male 5-pin
socket, The charger regulator input is connected
to pin 4 of the female 5-pin connector, and the
regulator output is connected to pin 3, The volt-
age thus passes through the charger regulator
and from pin 4 of the male 5-pin socket to con-
tact 9 of the Off-On switch, With the Off-On
switch turned Off, the charger voltage is coupled
through contact 8 of the switch and pin 2 of the
socket to the positive terminal of the battery,
The negative battery ferminal is grounded
through pin 1 of the socket,

The charger regulator circuit controls the
charging rate to the battery to prevent over-
charging, As the battery becomes fully charged,
the current through the charger regulator is
reduced and charging stops.

When the Off-On switch is turned On, contacts
6 and 9 of the switch open both ends of the
charger regulator circuit and battery charging
is stopped, When the line cord is attached to a
120 volt AC source, the TV Set will operate as
described earlier under 120 Volt AC Operation,
When the line cord plug is inserted in the re-
ceptacle on the rear of the cabinet, the TV
Set can be operated from the Battery Pack
Accessory or any DC source of from 12 to 18
volts,
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VHF 300
BALANCED
INPUT

SCHEMATIC OF THE
HEATHKIT®
PORTABLE TELEVISION
SET
MODEL GR-104
NOTES:
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PARTS ON THE SYNC-SWEEP CIRCUIT BOARD,
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PARTS OF INTEGRATED CIRCUIT (Q108),
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8833,
$3%3s2s

ALL CAPACITOR VALUES ARE IN ufd UNLESS MARKED OTHERWISE.
P1 [plcofarad] = uf imicromicrofarad).

VHF TUNER |

Le
Y

D= =z =) = = == — =)= —

A

L8 al
31288
AF AMPLIFIER
7y
cs
:Err

- #3
: i jcm
e 0

T
r

L g

N e UHF COMVERTER STRIP
l>_1 )—r"""’\l CHANMEL | ON VHF TUNER
e € e ) s O ko N, W

=i VHF CHANNEL STRIP
CHANNELS 2-13

mn
=

Q3

51296
OSCILL ATOR

TUNER &G

81 [
oy
SECTION
a3 (27

e

==
asl e
GMOIB0 1

OSCILLATOR

DAD4

6. Hz [hertz] = cps (cycles per second),
kHz (kilohertz] = ke (kilocycles par second].
MHz (megahertz] = mc (megocycies per second).

THIS SYMBOL INDICATES A POSITIVE DC VOLTAGE MEASUREMENT,
TAKEN WITH AN 11 MEGOHM VTVM, FROM THE POINT INDICATED
TO CHASSIS GROUND, VOLTAGES MAY VARY £ 10%,

. ) THis SYMBOL INDICATES A VOLTAGE THAT MAY VARY WITH

ASSOCIATED CONTROL SETTING.

ALL VOLTAGES MEASURED WITH CONTROLS SET FOR NORMAL
PICTURE ON 11T VOLT AC LINE VOLTAGE WITH NO SIGNAL INFUT.

REFER TO THE CHASSIS PHOTOGRAPHS AND CIRCUIT BOARD X-RAY
VIEWS FOR THE PHYSICAL LOCATION OF PARTS.

°
:
2

I |

i

Qlos-11

pacs

Qlo8-12
O

ward?

AUDIO -VIDEO 1

CIRCUIT BOARD!

Qloé
417-108/2N3602
TUNER AGL
AMPLIFIER

4700 4Tr

417-108
Doz AGE AMPLIFIER

) —

24z
a80u

, Q104
‘41 TmI0RZNIER2
VIDED DRIVER

Qlol Q102 80 HE
417-108 417108 a0V
IST VIDED IF 2MD VIDED Q105 o

AIT-NS/ZNIFZD
VIDED OUTPUT,

It
eI\
.22
mi2r Ll
180K szn
IE:N)
Z
100K
BRIGHTNESS

USE CAUTION
AND H.¥. PROBE

G

CRT

AN

- o= i
SYNC - SWEEP CIACUIT BOARDT 1 5204
== =
i 18780 W2 T 5750 ni
2200 | 20 22
18560
=" L LD
X g
¢ — S
8200
Q201 : -2 Q202
A7~ 108/ 2NIB9Z AIT-14s2NISBT
_'»TNC SEPARATOR HORA! NTAL
HORIZONTAL
HOL'J LI

0
8800
3

FR0OPF

- o

Q3012
417-N2/2M373)
HORIZONTAL
TPUT

12CEP4
—— r)-J
"417=110
AUDID QUTPUT
() BRN o e
Awi
CIRCUIT BOARD
e
Q109 seeanen ALTERMATE fOCUS
AIT-I092HNISE0 (I nt e ——
AUDIO DAIVER {21 0c)
— &
¥
£
Y (FTD)]
ut o
e 030
~ 5y 30 DO NOT MEASURE &l
"}5 L4 EXTET
IST80 M
Lidd
PR
POwE A
TRANSFORMER

CIRCUIT BRACARER
2014

=
<)

+|eay

=|as00

Il
|

3800, W00 K
Q205 Q302 o0
41T-118 A1T-113 L7480
VERTICAL VERTICAL A D20%
DRIVER OUTPUT = [ |
Ll
50 HZ cay
1 "”__.;
aav caze
rarun.,__”‘—
100
"
-
= 4 A \_“_“)o
w
VERTICAL 220 | S0 2% 2.01a
n220 HOLD S S \r 8+ CiRcurr RED
B 5 o T i SiEa -
T
100 5 R = — : P02
- - == = H a2t
carey i i s
AT ATO0 3 aN
L3303
E) 2
VERTCAL 0z
GUTPUT VERTIEAL BAN r - GAN ,5
CHOKE YORE car td ,O
FILAMENT AW
Jg = —
diics 20 vOLT 12voLT

12v BATTERY

ON-OFF SWITCH

ON VOLUME CONTROL

LINE CORD SWITCH
(BHOWN 1K 120 VOLT POSITION)

120 VAT
80 M

QuUTPUT

FEMALE e OF FEMALE
CONNECTOR CONNECTOR
e
=
EXTERMAL

i2v.
SUPPLY

WIRING SIDE OF
MALE SOCHET






LITHO IN U.S. A,

]

ch






