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PARTS LIST

Check each part against the following list. Refer to the
illustration in the separate “‘Illustration Booklet’ that
corresponds to the key number on the Parts List. The
parts may vary slightly from the illustrations. Any
part that is individually packaged with a part number
on it should be kept in its package after it is identified
until you use it.

Some parts are marked with a “171-" or **172-"" pack-
aging number. These numbers are used for packaging
only and do not appear in the Manual “Parts List.”
Save all packaging material until all parts have been
located.

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with this kit or at the rear of this Manual. If a Parts
Order Form is not available, refer to “‘Replacement
Parts” inside the rear cover. Your Warranty is inside
the front cover. For prices, refer to the separate ‘‘Heath
Parts Price List.”

Each circuit component in this kit has a Circuit Com-
ponent Number (R2, C4, Q1, etc.). This is a specific
number for only that one part in the kit. The purpose
of these numbers, which are especially useful if a part
ever has to be replaced, is to help you easily identify
the same part in each section of the Manual. These
numbers will appear:

— In the Parts List,

— Atthe beginning of each step where a com-
ponent is installed.

— In some illustrations.
— In the Schematic.

— In the sections at the rear of the Manual.
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PARTS
2
Resistors will be called out by their resistance value /4-WATT
in O (ohms), kQ (kilohms), or M(} (megohms). Certain
types of resistors will have the value printed on the aiiil
body, while others will be identified by a color code. 1/2-WATT
The colors of the bands and the value will be given in
the steps, therefore the following color code is given
for information only.
EXAMPLES:
_~BROWN 1
@ GREEN 5 TOLERANCE
RESISTOR COLOR CODE ;
T~ ORANGE  1.000 } LB g—— Cold5%
SILVER  +10% 2 Salusestiihe
| l | No Band 20%
¥ ¥
15 x 1,000 = 15,000 {2 (15,000 OHMS), COLOR 1st DIGIT 2nd DIGIT MULTIPLY BY
or “15 kQ1"
BLACK 0 0 1
BROWN 1 1 10
RED 2 2 100
_~ ORANGE 3 YT 3 3 1,000
Mgl BLACK  © YELLOW 4 4 18,000
AR GREEN 5 5 100,000
@8 —— GREEN 100.000 BLUE b 6 1,000,000
: s VIOLET 7 7 10,000,000
CaED i GRAY 8 8 100,000,000
WHITE 7 9 1,000,000.000
GOLD 1
30 x 100,000 = 3,000,000 Q (or 3 MQ) SILVER .01
3 MQ = 3 MEGOHMS
e ———
Capacitors will be called out by their capacitance EXAMPLES:
value in uF (microfarads) or pF (picofarads) and type:
ceramic, Mylar*, electrolytic, etc. Some capacitors 151K = 15 % 10 = 150 pF
may have their value printed in the following man- 759 = 75 X 0.1 = 7.5 pF
ner:
. N NOTE: The letter ‘R’ may be used at times to signify a
First digit of decimal point; as in: 2R2 = 2.2 (pF or uF).
capacitor’s value: 1 151K
Second dig_it of \r MULTIPLIER TOLERANCE OF CAPACITOR
capacitor’s value: 5 FOR THE MULTIPLY || 10pF OR eET i OVER
o ) NUMBER: BY. LESS 10pF
Multiplier: Multiply the 0 1 50, 10F B
first & second digits by ! : +a > ’
the proper value from the : =7 :DF L
Multiplier Chart. 2 . 0. o0 y
3 1000 +]1.0pfF F 1%
To find the tolerance of E M, D2 el > iz%
the capacitor, look up 2 180, o : :3%
this letter in the Tolerance : =
8 0.01 K +10%
columns.
9 0.1 M +20%

*DuPont Registered Trademark
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QTY. DESCRIPTION

RESISTORS

CIRCUIT
Comp. No.

KEY HEATH
No. Part No.

QTY. DESCRIPTION

NOTE: Open all resistor envelopes (marked R) before you
check the resistors. Precision (1%) resistors are stamped with
their value. All color coded resistors are 10% (fourth band
silver) unless designated 5% (fourth band gold).

1/8-Watt

Al 2-32-11
Al 2-46-11
A1 2-17-11
1/4-Watt
A2 2-608-12
A2 2-610-12
A2 2-678-12
A2 2-61-12
A2 2-718-12
A2 2-737-12
A2 2-612-12
A2 2-662-12
A2 2-613-12
A2 2-615-12
A3 1-100-12
A2 2.738-12
A3 1-88-12
1/2-Watt

A4 2-262
A5  1-83

A5 1-175
A5 1-111

A5 1-131

A5 1-96

AB 1-8

A4 2220
A5 1-16

A5 1-20

A5 1-126
A5 1-184

F-S

G A N o e ) -

200 0, 1%
400 0, 1%
5760 Q (5.76k) 1%

20 02, 1%
900 O, 1%

1600 £ (1.6k) 1%
2050 {1 (2.05k) 1%
4000 O (4k), 1%

4610 0 (4.61k) 1%
4870 ) (4.87k) 1%
7500 Q (7.5k) 1%
9000 Q (9K) 1%

90 ki1, 1%

270 k{2, 5% (red-violet-
yellow)

900 k2, 1%

10 M{} (brown-black-blue)

505 0, 1%

56 (1, 5% (green-blue-black)
120 Q, 5% (brown-red-
brown)

150 {2, 5% (brown-green-
brown)

620 1, 5% (blue-red-brown)
750 1, 5% (violet-green-
brown)

820 {} (gray-red-brown)

3162 0 (3.162k) 1%

4700 (1, (vellow-violet-

red)

10 k{2 (brown-black-orange)
180 k(2 (brown-gray-yellow)
1.2 MQ2, 5% (brown-red-
green)

R118
R147
R152

R111, R115
R109, R1186,
R125, R145
R148

R121

R143, R144
R153

R123

R122

R107, R108
R106

R2

R105

R1
R131
R126

R141, R142

R127
R101, R128

R129, R132,
R139
R124
R137, R138

R136
R133
R135

Resistors (cont'd.)

Other Resistors

Ad 2-97-1 2
A4 3-8-3 1
A4 3-11-3 1
A4 3-12-3 1
A4 3-10-3 1
AB 3-21-5 1
CAPACITORS
Mica

B1 20-173 1
B1 20-199 1
B1 20-701 1
Ceramic

B2 21-3 1
B2 21-56 1
B2 21-140 2
B2 21-72 2
B2 21-95 3
Electrolytic

B3 25-801 1
B4 25-115 1
B5 25-199 1
B5 25-241 1
Film
B6 29-45 1
B6 27-134 1
B6 29-46 1
B6 29-47 1

Other Capacitors

B7 2747 5

B8  31-36 1

4.5 M1}, 1%, 1-watt
10, 1%, 3-watt
.9 1, 1%, 3-watt

9 1, 1%, 3-watt

10 12, 1%, 3-watt
2.6 0, 10%, 5-watt

20 pF
36pF, 1500V
433 pF, 1%

10pF
470 pF
1000 pF (.001)

5000 pF (.005)*

A pF

1.5 uF
10 uF
500 pF
1200 uF

4900 pF (.0049), 1%

.033 uF, 1000V
.05 puF, 1%
44 uF, 1%

1 uF Mylar

8-50 pF ceramic trimmer

CIRCUIT
Comp. No.

R103, R104
R114
R113
R112
R117
R102

C104
Cc102
C105

c121

C126

Ci15, C116
C1, C101
C122, C123,
Cc124

C114
C125
C113
Cc112

C106
c108
c107
C109

c2, C111,
C117, C118,
Cc119

C103

*This part is critical to continued safety. Replace only with

Heath Company part.
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KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
DIODES OTHER CIRCUIT COMPONENTS
C1 5656 4 1N4149 B111, 1, F1 54-934 1 Power transformer ™

D113, D114 407-729 1 Meter M1
C1 5727 5 1N2071 D101,D102, | g5 49279 2 Light emitting diode (LED)  LED1, LED2

D103, D104, F3  421-27 1 1/16-ampere slow-blow F1

D109 fuse*
C1 5785 4 Ahd00= D105, D106, F3  421-43 1 2-ampere quick-blow fuse F101

D107, D108

TRANSISTORS — INTEGRATED CIRCUITS
(IC’s)

NOTE: Transistors and integrated circuits are marked for iden-
tification in one of the following ways:

1. Part number.

2. Typenumber. (Onintegrated circuits this refers only
to the numbers; the letters may be different or mis-
sing.)

Part number and type number.

4, Part number with a type number other than the one

shown.

D1 417-118 4  2N3393 transistor Q101, Q102,
Q105, Q106

D2  417-808 2  2N3702 transistor Q103, Q108

D2 417-809 1 2N3704 transistor Q107

D3 417-818 1 MJE 181 transistor Q104

D4  442-617 1  UA78MGT2C IC IC101

D4  442-618 1 UA79MGT2C IC IC102

CAUTION: The protected CA3130S (#442-623) IC can be
damaged by static electricity. DONOT remove it from the foam
pad until instructed to do so in a step.

D5  442-623 1 CA3130S IC (protected) IC103

CONTROLS — SWITCHES

E1  10-986 1 100 Q control R146

E1 10-398 2 2000 Q (2k) control R149, R151

E2 10-1084 1 50 k2 control R4

E3 10-1101 1 500 k2 control R134

E4 60-54 1 Slide switch SW5

E5 63-1288 1 Rotary switch assembly SW101

E6 64-831 1 Pushbutton switch Swi1, Sw2,
assembly SW3, Sw4

CLIP — FUSE BLOCK — SOCKETS

G1  260-65 2 Fuse clip

G2 42241 1 Fuse block

G3  434-230 1 8-pin IC socket

G4  436-11 1 Red banana socket S1
G4  436-22 1  Black banana socket S2

TEST LEAD PARTS

Hi  70-10 1 Black banana plug sleeve
H1  70-11 1 Red banana plug sleeve
H2 73-21 1 Black alligator clip insulator
H3 2601 1 Alligator clip

H4  438-47 2 Banana plug

HS  439-7 1 Red test probe

H6  439-9 1 Collar nut
INSULATORS

H 73-4 1 Rubber grommet

J2 73-98 3" Foam tape

J3 75-736 1 Line cord strain relief

J4  75-738 1 1" x 2 fish paper

J5  75-743 2 3/4" x 1" fish paper (with hole)
HARDWARE

Hardware packets are marked to show the size of the
hardware they contain (HDW #4, or, HDW #2 & #8, etc). You
may have to open more than one packet to locate all the
hardware of any one size (#6, for example).

#3 Hardware

K1 250-2 2
K2 254-7 2

3-4B x 5/16" screw
#3 lockwasher

*This part is critical to continued safety. Replace only with
Heath Company part.



Page 7

HEATHKIT‘
KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
y
Hardware (cont’d.) METAL PARTS
#4 Hardware N1  90-11863 1 Cabinet top
N2  216-69 1 Trim bar
K3 250-52 4 4-40 x 1/4" screw N3  203-1883-1 1 Front panel
K4 250-1194 2 440 x /2" “T" bott N4  204-2233 2  Meter bracket
ns age b 9 440 mt NS  206-1246 1  Meter shield
o Rass St N6  204-2232 1 Switch bracket
K7  254-41 4  #4 split lockwasher N7  206-1238 1 Switch shield
KB 258:30 1 #4solder lug N8 205-1669-1 2 Cabinet side
#6 Hardware N9  200-1316-1 1 Cabinet bottom
L1 250-170 2  #6 x 1/4" sheet metal screw LINE CORD — WIRE — SLEEVING
L2  250-274 4 6-32 x 5/16" flat-head screw
L3  250-155 10 #6 x 3/8" black sheet metal 89-54 1 Line cord
screw 344-54 24"  Yellow wire
L4  250-381 9 6-32 x 3/8" black screw 344-29 42" Blue wire
L5 250-1248 2  6-32 x 3/8" self-tapping screw 341-1 42" Black wire
L6  250-1150 3  6-32 x 1/2 phillips head screw 341-2 54" Red wire
L7 2523 6 6-32 nut 344-91 15" 48¢ Brown wire
L8 25223 1 6-32 thumb nut 344-93 " # Orange wire
L9  252-127 4  6-32 push-on nut 346-4 7-1/4" Sleeving
L10 253-127 2  #6 flat washer 346-21 1" White tubing
L11  254-1 5  #6 lockwasher
L12  254-33 2 #6 black lockwasher MISCELLANEOUS
L13 254-6 1 #6 external-tooth lockwasher 85-1875-1 1 Circuit board
L14 255-83 2 11/16" spacer 134-994 1 Harness
L15 259-1 4  #6 solder lug 211-74 1 Handle
N10 261-34 4  Plastic foot
#8 Hardware N11  455-71 1 Knob bushing (large)
N12 455-613 1 Knob bushing (small)
M1 250-1186 2 8-32 x 3/8" black screw N13 462-363 1 Red knob
M2 2524 2 8-32 nut N14 462-951 1  Black knob
M3 254-2 2  #8 lockwasher N15 475-10 2  Ferrite bead (small) FB4, FB5
N16 475-18 3 Ferrite bead (large) FB1, FB2,
Other Hardware FB3
N17 490-5 1 Nut starter
M4  253-7 2  #10 fiber shoulder washer 390-1255 1 Fuse label
M5  252-39 1 1/4 - 32 nut 390-1337 1 Model label
M6 254-14 1 1/4" lockwasher 391-34 1 Blue and white label
M7  254-15 2  5/16" lockwasher 597-260 1 Parts Order Form
M8  252-7 2 3/8-32nut Solder
M9  253-10 1 3/8" flat washer 1 Manual (See Page 1
M10 254-5 2  3/8" lockwasher for part number.)
M11 253-67 2 1/16" long spacer 1 lllustration Booklet
(See Page 1 for
part number.)
1 Schematic Diagram
o] Ya % 3y, 1 (INCHES) 2 3 4 5 6 T
ys ompem el oy b o boog o g I L IR P o S " e .
pretrrrrr A R B S ) (R N 1 T f 1 G
Q 5 1 (CMm) 2 3 a 5 [ 7 8 1o 1 12 13 14 15 17
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ASSEMBLY NOTES

TOOLS

You will need these tools to assemble your kit.

LONG-NOSE
PLIERS

PHILLIPS
SCREWDRIVER

STRIPPERS | jgigl/a -BLADE
PLIERS DIAGONAL ;
iy SCREWDRIVERS
S o HEATHKIT
I . 50LD
i OTHER HELPFUL i T
1
I TOOLS : OR & "
: : J &
! DESOLDERING '
1 BULB™* 1
] 1
I 1
i I
- N i o neR : PENCIL
i e, DESOLDER ING
1 NUT STARTER N * 1 SOLDERING IRON
| 8 BRAI
:MMWBlET&u:ﬁL:wED D DRIVERS i (25 10 40 WATTS)
1
i i
1 #70 REMOVE SOLDER FROM CIRCUIT CONNECTIONS. _:
ASSEMBLY
1. Follow the instructions carefully and read the Most kits use a separate *Illustration Booklet”
entire step before you perform the operation. that contains illustrations (Pictorials, Details,
etc.) that are too large for the Assembly Manual.
2. The illustrations in the Manual are called Keep the “Illustration Booklet” with the As-

Pictorials and Details. Pictarials show the over-
all operation for a group of assembly steps;
Details generally illustrate a single step. When
you are directed to refer to a certain Pictorial
“for the following steps,” continue using that
Pictorial until you are referred to another Picto-
rial for another group of steps.

sembly Manual. The illustrations in it are ar-
ranged in Pictorial number sequence.

Position all parts as shown in the Pictorials.

Solder a part or a group of parts only when you
are instructed to do so.
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6. Each circuit part in an electronic kit has its own
component number (R2, C4, etc.). Use these
numbers when you want to identify the same
part in the various sections of the Manual.
These numbers, which are especially useful if a
part has to be replaced, appear:

— In the Parts List,

— At the beginning of each step where a
component is installed,

—  In some illustrations,

— In the Schematic,

— In the section at the rear of the Manual.
7. When you are instructed to cut something to a

particular length, use the scales (rulers) pro-
vided at the bottom of the Manual pages.

SAFETY WARNING: Avoid eye injury when you cut
off excess lead lengths. Hold the leads so they cannot
fly toward your eyes.

SOLDERING

Soldering is one of the most important operations you
will perform while assembling your kit. A good sol-
der connection will form an electrical connection be-
tween two parts, such as a component lead and a
circuit board foil. A bad solder connection could pre-
vent an otherwise well-assembled kit from operating
properly.

It is easy to make a good solder connection if you
follow a few simple rules:

1. Use the right type of soldering iron. A 25 to
40-watt pencil soldering iron with a 1/8" or
3/16" chisel or pyramid tip works best.

2. Keep the soldering iron tip clean. Wipe it often
on a wet sponge or cloth; then apply solder to
the tip to give the entire tip a wet look. This
process is called tinning, and it will protect the
tip and enable you to make good connections.
When solder tends to “ball” or does not stick to
the tip, the tip needs to be cleaned and retin-
ned.
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STEP-BY-STEP ASSEMBLY

MAIN CIRCUIT BOARD

In the following steps, yvou will be
given detailed instructions on how to
install and solder the first part on the
circuit board. Read and perform each
step carefully. Then use the same
procedure whenever you install
parts on a circuit board.

[ ) Position the circuit board as
shown with the printed side
(not the foil side) up. NOTE:
Only a portion of the circuit
board is shown in the following
Pictorials. The small *‘Identifi-
cation Drawing™ at the top of
each Pictorial shows the area of
the circuit board to be assem-

bled.

NOTE: When you install a compo-
nent that has its value printed on it,
position the value marking up, so it
can be easily read. Diodes should be
mounted with their type or part
number up, if possible.

() R105: Hold a 900 k{2, 1%, 1/4-
watt resistor by the body as
shown and bend the leads
straight down.
pUsH pown VALUE UP
HERE

() Push the leads through the
holes at the proper location on
the circuit board. Resistors can
be positioned either way.

{ ) Press the resistor against the
circuit board. Then bend the
leads cutward slightly to hold
the resistor in place.

The steps performed in this Pictorial are
in this area of the circuit board.
PART

\
N
NUMBER\“I

IDENTIFICATION
DRAWING

PICTORIAL 1-1

CONTINUE - HE

[ ) Solder the resistor leads to the
circuit board as follows:

1. Push the soldering iron
tip against both the lead
and the circuit board foil.
Heat both for two or three
seconds.

SOLDERING
IRON

COMPONENT
LEAD /
FolL \

2. Then apply solder to the
other side of the connec-
tion. IMPORTANT: Let
the heated lead and the
circuit board foil melt the
solder.

SOLDERING
I RON

C1RCU[T BUARD

SOLDER

FOIL .

3. As the solder begins to
melt, allow it to flow
around the connection.
Then remove the solder
and the iron and let the
connection cool.

SOLDERING
IRON

FOIL

{ ) Cut off the excess lead lengths
close to the connection. WARN-
ING: Clip the leads so the ends
will not fly toward your eyes.

Check each connection. Com-
pare it to the illustrations on
Page 11. After you have checked
the solder connections, proceed
with the assembly on Page 12.
Use the same soldering proce-
dure for each connection.
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A GOOD SOLDER CONNECTION

_-—__——-——————————-——1

SOLDER FLOWS OUTWARD
AND GRADUALLY BLENDS

WITH THE FOIL AND
THE LEAD

L SOLDERING
#oii IRON

POSITIONED
CORRECTLY

I

I

I

I FOIL

I =
I

I

When you heat the lead and the circuit board foil at the same
| time, the solder will flow evenly onto the lead and the foil.

The solder will make a good electrical connection between |

Lthe lead and the foil.

POOR SOLDER CONNECTIONS

[ e e e e m— e — — e E—— A S G S S S SIS GO S e S e S S S S S e e e —

SOLDER DOES NQT FLOW

ONTO LEAD. A DARK ROSIN

BEAD SURROUNDS AND IN- P
SULATES THE LEAD FROM <

i
THE CONNFC oM 0 14
HE CONNECTION \\ .
\ o ’\
P
FOI LI
o L\ s

INCORRECTLY
| T T e e

ROSIN 2
- SOLDERING
I|RON
POSITIONED

When the lead is not heated sufficiently, the solder
will not flow onto the lead as shown above. To cor-
rect, reheat the connection and, if necessary. apply a
small amount of additional solder to obtain a good

l_[ onnection.

SOLDERING
‘\ IRON

*0SITIONED

H CORRECTLY

\\*,M,N |

When the foil is not heated sufficiently the solder will
blob on the circuit board as shown above. To correct,
reheat the connection and, if necessary, apply a small
amount of additional solder to obtain a good connec-

SOLDER APPEARS TO FLOW
I-'w\m:‘rnmurn SET ON TOP
OF THE FOIL

FOIL

SOLDER BRIDGES

A solder bridge between two adjacent foils is shown
in photograph A. Photograph B shows how the con-
nection should appear. A solder bridge may occur if
vou accidentally touch an adjacent previously sol-
dered connection, if you use too much solder, or if
you “‘drag" the soldering iron across other foils as you
remove it from the connection. A good rule to follow
is: always take a good look at the foil area around each
lead before you solder it. Then, when you solder the
connection, make sure the solder remains in this area
and does not bridge to another foil. This is especially
important when the foils are small and close together.
NOTE: It is alright for solder to bridge two connec-
tions on the same foil.

Use only enough solder to make a good connection,
and lift the soldering iron straight up from the circuit
board. If a solder bridge should develop, turn the
circuit board foil-side-down and heat the solder be-
tween connections. The excess solder will run onto
the tip of the soldering iron, and this will remove the
solder bridge. NOTE: The foil side of the circuit board
has a coating on it called “‘solder resist.” This is a
protective insulation to help prevent solder bridges.

A

SOLDER
BRIDGE
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START » I

NOTE: When you install a diode,
always match the band on the diode
with the band mark on the circuit
board. See Detail 1-2A. THE
CIRCUITRY WILL NOT WORK
PROPERLY IF A DIODE IS
INSTALLED BACKWARDS. Grip the
diode leads between the body of the
diode and the bend when you bend
the leads to prevent diode damage.

LONGNOSE
PLIERS
SOLID
BODY
BANDED ~ . COLORED
END ™ L~ END
) -2}
GLASS
B0DY

If your diode has a solid body, the
band is clearly defined. If your diode
has a glass body, do not mistake the
colored end inside the diode for the
banded end. Look for a band painted
on the outside of the glass.

IMPORTANT: THE BANDED END OF DIODES CAN
BE MARKED IN A NUMBER OF Wl\'_S.

# VA

.;4// / / //// /
s
y 7/ //p /

e

J

N~

BANDED END

Detail 1-2A

Install IN2071 diodes (#57-27) at the
following four locations.

() Dio3 ( ) Dioz
() Dio4a ( ) Dio1l

Install 1IN4002 diodes (#57-65) at the
following four locations.

() Dios ( ) Dios
{ ) Doz [ ) D105

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

() D109: 1N2071 diode (#57-27).

Install 1N4149 diodes (#56-56) at the
following four locations.

() D113 ( ) D111
() D114 ([ ) D112

[ ) Solder the leads to the foil and
cut off the excess lead lengths.

PICTORIAL 1-2
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CAUTION: Do not confuse the () sign
printed on some resistors with a 0.

Page 13

[DENTIFICATION
DRAWING

N\

PART

NUMBER\,.§ x

\

The steps performed in this Pictorial are
in this area of the circuit board.

(

) R103: 4.5 MQ, 1%, 1-watt.

(

R112: 9 ), 1%, 3-watt.

R111: 90 ©Q, 1%, 1/4-watt.

R109: 900 Q, 1%, 1/4-watt.

R108: 9000 (9 k), 1%, 1/4-watt.

] R104: 4.5 M}, 1%, 1-watt.

) R106: 90 kQ), 1%, 1/4-watt.

) R115: 90 ), 1%, 1/4-watt.

R113: .9 {1, 1%, 3-watt.

R118: 200 2, 1%, 1/8-watt

Solder the leads to the foil and
cut off the excess lead lengths.

R117: 10 §, 1%, 3-watt.

R145: 900 ), 1%, 1/4-watt.

R135: 1.2 MQ (brown-red-
green).

R133: 180 k! (brown-gray-
yellow).

R144:4000 Q2 (4 k), 1%, 1/4-watt.

R143:4000Q (4 k), 1%, 1/4-watt.

) R116: 900 , 1%, 1/4-watt.

) R107:9000 Q2 (9k), 1%, 1/4-watt.

) R147: 400 Q, 1%, 1/8-watt.

) Solder the leads to the foil and
cut off the excess lead lengths.

) R153: 4610 Q (4.61 k), 1%, 1/4-
watt.

) R148: 1600 (1.6 k), 1%, 1/4-
watt.

) R138: 4700 Q (yellow-violet-
red).

R152: 5760 Q (5.76k), 1%, 1/8-
watt.

(

) R139: 820 0 (gray-red-brown).

(

) Solder the leads to the foil and
cut off the excess lead lengths.

) Solder the leads to the foil and
cut off the excess lead lengths.

PICTORIAL 1-3
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() R101: 750 £ (violet-green-
brown).

() R123: 4870 (1 (4.87 k], 1%, 1/4-
watt.

() R121:2050 Q(2.05k), 1/4-watt.

NOTE: When a bare wire is called for
in a step, remove all the insulation
from the indicated length of the yel-
low wire.

{ ) 1-1/2" bare wire.

() R132: 820 () (gray-red-brown).

R125: 900 £, 1%, 1/4-watt.

Solder the leads to the foil and
cut off the excess lead lengths.

[ ) R129: 820 Q (gray-red-brown).

R136: 10 kQ (brown-black-
orange).

R142: 150 ) (brown-green-
brown).

R141: 150  (brown-green-
brown).

IDENTIFICATION
DRAWING

PART
NUMBER

The steps performed in this Pictorial are
in this area of the circuit board.

R137: 4700 € (yellow-violet-
red).

() 1" bare wire.

Solder the leads to the foil and
cut off the excess lead lengths.

CONTINUE < HE

() R126: 120 Q [brown-red-
brown).

() R128: 750 £ (violet-green-
brown).

R124: 3162 ) [3.162 k), 1%.

R131: 56 1 (green-blue-black).

R127: 620 €} (blue-red-brown).

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

[s] Ya Yo 3, 1 {INCHES)
| e 38| 578 7/8 | I | !
ety T T T t T Y
(o] s 1 (CM) 2 3 4
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IDENTIFICATION
DRAWING
[ ) C103: 8-50 pF ceramic trimmer \
(#31-36). Be sure the trimmer
fits within its outline. If it does
not, remove it and insert its pins PART
in the opposite holes. Solder the NUMBER
pins to the foil and cut off the
excess pin lengths. N

/

The steps performed in this Pictorial are
in this area of the circuit board.

\

Turn the top of the trimmer so
its notch points at C102.

CONTINUE T

( ) C107: .05 uF film. Solder the
leads to the foil and cut off the
excess lead lengths.

Two fuse clips at F101. Be sure
to position the shoulder of each
fuse clip as shown. Push the
fuse clips tight against the cir-
cuit board. Then solder the lugs
to the foil.

SHOULDER
; p

R122: 7500 Q, 1%, 1/4-watt,
Bend a loop in both leads of the
resistor. Match the bend in the
leads with the hole spacing in
the circuit board. Solder the
leads to the foil and cut off the
excess lead lengths.

() R114:.1 0, 1%, 3-watt . Place a 8 e
1/4” length of white tubing on ] m h

each lead. Pass each lead down d J
through the indicated hole in F |
the circuit board and push the

resistor down so the sleeving is ]
against the board. The body of
the resistor must be positioned
1/8" above the board. Then bend i R
each lead back up through the
holes with the large dots. These [
loops must not extend more
than 1/4” below the board. Sol- ( ) ]
der each lead to both of its foils

and cut off the excess lead

L \
J LM

( ) 8-pin IC socket at IC103. Insert
the socket pins into the holes.
The index mark on the circuit
board should still be visible
after it is installed. Solder the
pins to the foil.

0 0

a0 _ 9 |

ik

lengths on the printed side of T
the board. @ Qﬁ
1/4" WHITE
LARGE TUBING LARGE _O_-—_[} ﬂ
DOT \ DOT A+ v
_L i /////////)mm/[lf&?i//llﬂz,,_y"qa E —-{:l_ E}‘ 0

PICTORIAL 1-5
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IDENTIFICATION
DRAWING

PART
NUMBER™S

The steps performed in this Pictorial are
in this area of the circuit board.

In the following steps, install each
transistor as follows:

1. Refer to the illustration that
matches the shape of the
transistor you received.
Then identify the E,C,and B
leads.

2. Insert the leads into the cor-
responding E, C, and B holes
in the circuit board.

3. Position the bottom edge of
the transistor 1/4" above the
circuit board.

4. Turn the circuit board over,
solder the leads to the foil,
and cut off the excess lead
lengths.

Install 2N3702 transistors (#417-
808) at the following two locations.

() Q3 () Qio8

Install 2N3393 transistors (#417-
118) at the following four locations.

() Qe () Q102
{ ) Qs () Qiol

() Q107: 2N3704 transistor
(#417-809).

PICTORIAL 1-6

When you install the IC's in the next
two steps, match the index mark on
the IC with the index mark on the
circuit board. Push the IC pins into
their holes in the board. Secure the IC
with 4-40 x 1/4" screws, #4 split
lockwashers and 4-40 nuts. Then
solder the IC pins to the foil. NOTE:
Use the plastic nut starter supplied
with this kit to hold and start 4-40
and 6-32 nuts on screws.

(@)

N 4-40 NUT
#4 SPLIT
£ ~[~LOCKWASHER
3
INDEX
MARK

2
d—delM"
£9) SCREW

4

() 1C102: UA79MGT2C IC (#442-
618).

() IC101: UA78MGT2C IC (#442-
617).

() Q104: MJE181 transistor
(#417-818). Be sure its metal
side is positioned as shown.

METAL
SIDE
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START & I

()} C105: 433 pF mica.

[ ) C104: 20 pF mica.

() C102: 36 pF mica.

{ ) C106: 4900 pF (.0049) film.

NOTE: When you install ceramic
capacitors, remove any excess coat-
ing from the leads. Use long-nose
pliers to remove this coating.

REMOVE COATING
EVEN WITH /
BOTTOM OF .
CAPACITOR BODY |

[/

() C101: 5000 pF (.005) 1.4 kV
ceramic.

() Ul11: .1 uF Mylar.

() C109: .44 uF film.

( ) Ci126,FB4, FB5: 470 pF ceramic
with a small ferrite bead on each
lead.

SMALL

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

() C116: 1000 pF (.001) ceramic.

[ ) C123: .1 uF ceramic.

{ ) C117: .1 uF Mylar.

() C118: .1 uF Mylar.

() C119: .1 uF Mylar.

NN\\N/a

( ) C121: 10 pF ceramic.

( ) C122: .1 uF ceramic.

() Ci24: .1 uF ceramic.

() C115: 1000 pF (.001) ceramic.

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

PICTORIAL 1-7
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{ ) R102: 2.6 (1, 10%, 5-watt.

( ) F101: Install a 2-ampere quick-
blow fuse at F101.

NOTE: When you install electrolytic
capacitors, always match the posi-
tive (+) mark on the capacitor with
the positive (+) mark on the circuit
board.

POSITIVE (+)
MARK

() C113: 500 uF electrolytic.

{ ) C114: 1.5 uF electrolytic.

( ) C112: 1200 uF electrolytic.

() C125: 10 uF electrolytic.

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

NOTE: When you install a control,
push the control down tight against
the circuit board. Then solder the
lugs to the foil.

( ) R146: 100  control (#10-986).

() R149: 2000 £ (2k) control
(#10-398).

() R151: 2000 2 (2k) control
(#10-398). PICTORIAL 1-8

Set the circuit board aside temporar-
ily.
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ROTARY SWITCH

Refer to Pictorial 2-1 (Illustration Booklet, Page 2) for
the following steps.

R134: Mount the 500 k{) control (#10-1101) on the
rear of the rotary switch (#63-1288) as follows:

( ) Remove, and save, the nut and lockwasher from
each screw at the rear of the rotary switch. DO
NOT loosen the remaining hardware that holds
the switch together.

( ) Remove the metal wafer from the rear of the
rotary switch.

( ) Mountthecontrol onthe metal wafer with a 3/8”
lockwasher and a 3/8-32 nut. Be sure the locat-
ing tab of the control is in the indicated index
hole in the metal wafer.

() Turn the control shaft so its slot is in line with
the screw holes in the metal wafer.

\F P"ﬂ
( ) Remove and discard, the plastic'cap from the
front of the rotary switch shaft and the rubber
washer from the rear of the switch shaft. Be
careful that the shaft coupling does not fall out
of the inner switch shaft.

{ ) Push the inner switch shaft so its front end is
even with the front end of the outer shaft. The
position of the flat on the inner shaft is not
important.

NOTE: When you perform the next step, make sure
you fit the slot in the control shaft onto the center
portion of the shaft coupling of the rotary switch.
Otherwise, the control will be hard to turn and the
shaft coupling can fall out. Be sure the short end of the
shaft coupling remains in the hole in the inner shaft of
the rotary switch as shown in the inset drawing on
Pictorial 2-1 (Illustration Booklet, Page 2).

( ) Fitthe slot in the control shaft onto the center
portion of the shaft coupling. The long end of
the shaft coupling must fit on the outside of the
control shaft. Push the metal wafer towards the
switch and fit the metal wafer holes onto the
switch screws. Be sure the control pins point in
the same direction as the switch pins.

() Make sure the shaft coupling is positioned cor-
rectly on the control shaft as shown in Pictorial
2-1. Secure the metal wafer onto the rotary
switch screws. Use a #4 solder lug on the indi-
cated screw and lockwashers and nuts (re-
moved from the switch earlier).

( ) SW101, R134: Refer to Detail 2-1A and mount
the rotary switch and control assembly on the
printed side of the circuit board. Carefully align
the switch pins of the front wafer with their
holes in the circuit board.

( ) Fitthe pins of each switch wafer, one wafer at a
time, into their board holes until all the switch
and control pins are in place in the board holes.
Then push the switch down so the wide portion

of all the switch pins are tight against the circuit
board.

NOTE: Carefully inspect the rotary switch lugs (the
ones with holes) to see that they do not touch any
circuit board components or the spacers of the switch.
If they do, bend them away from the components or
spacers.

( ) Carefully turn the circuit board over and solder
only the end pins of each wafer to the foil.
Inspect these switch pins to make sure all the
pins are tight against the lettered side of the
circuit board. If they are not, reheat the connec-
tion and push the lug tight against the board.
Then solder all the remaining switch pins to the
foil.

() Solder the lugs of control R134 to the foil and
cut off the excess pin lengths.
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Refer to Pictorial 2-2 for the following steps.

NOTE: Each rotary switch wafer has its location let-
tered on the circuit board, SW101A, SW101B, etc. To
make it easier to locate the switch lugs, each possible
lug location (hole) is numbered, even though every
hole does not have a lug.

( ) C108:Insert onelead of a.033 uF film capacitor
all the way into its hole in the circuit board.
Solder this lead to the foil and cut off the excess
lead length.

NOTE: In the following steps, (NS) means not to sol-
der because other wires will be added later. *‘S-" with
a number, such as (S-3), means to solder the connec-
tion. The number following the “S” tells how many
wires are at the connection.

( ) Connect the other lead of the .033 uF capacitor
to rotary switch SW101A lug 22 (NS).

NOTE: When you are instructed to prepare wires, as
in the next step, cut the specified color wire to the
indicated length and remove 1/4" of insulation from
each end.

( ) Prepare the following yellow wires. The wires
are listed in the order they will be used.

1_3,,‘4" 2"
2_1‘,-24'; 3"
b 1_1!4n

NOTE: When you connect each wire in a circuit board
hole, solder the wire to the foil and cut off the excess
wire length.

( ) Connecta 1-3/4" yellow wire from circuit board
hole AG (S-1) to switch SW101A lug 13 (NS).

( ) Connect a 2-1/2" yellow wire between switch
SW101A lug 13(S-2) and SW101B lug 12 (NS).

( ) Connect a 3" yellow wire trom circuit board

hole E (S-1) to switch SW101D lug 20 (S-1).

( ) Connecta 1-1/4" yellow wire from circuit board

hole AC (S-1) to switch SW101C rear lug 4
(S-1).

CAUTION: When you install the protected IC, be sure
it does not get damaged by static electricity. Once you
remove the foam pad from the IC, DO NOT let go of the
IC. Install the IC as follows. Read the entire step before
you pick up the IC.

1. Pick up the IC and the foam pad with both
hands.

2. Hold the IC with one hand and remove the
foam pad with the other hand.

3. Continue to hold the IC with one hand and
straighten any bent pins with the other
hand.

4. Pick up the circuit board in the other hand.

5. Align the tab of the IC with the index mark
on the circuit board.

6. Then push the IC pins into the IC socket.
Once in the socket, the IC is protected.

() IC103: Refer to Detail 2-2A and install the

CA3130S IC in socket IC103.

( ) Connect a 2" yellow wire between switch

SW101B lug 12 (S-2) and SW101C front lug 12 Detail 2-2A

(S-1).
() Connect a 2" yellow wire between switch

SW101C rear lug 12 (S-1) and lug 20 (S-1).
(o] Yo 3, 1 (INCHES) 2 3 4 5 6 7
e 3 58 28] ), Lo g e aa oy o ey o] Lo | ! | 1J1J
et — 1 T+t T 1 v 1T ] T '~ T ¢ [ & 1 f Tpatamnl T T
0O 5 1 (cm) 2 3 4 5 [ 7 8 10 1 12 13 14 15 16 17
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HARNESS

Refer to Pictorial 3-1 for the following steps.

( ) Straighten the harness and identify the break-

outs (BO) of the harness. There is a white wire at
BO#1 and BO#3.

Position the harness along the rotary switch
(SW101) with BO#1 at the front end of the
switch. The main trunk of the harness should be
kept above the circuit board parallel to the
spacers of switch SW101.

Connect the blue wire from BO#3 to switch
SW101C lug 14 (S-1).

Connect the brown wire from BO#3 to a #6

solder lug (S-1). The solder lug will be mounted
later.

Connect the harness wires from BO#3 to the circuit
board holes as follows:

{ ) White-black wire to hole F.
{ ) White-brown wire to hole G.
Black wire to hole H.

Violet wire to hole Z.

White wire to hole AA.

()

()

Orange wire to hole AB.
Yellow wire to hole AD.

Connect the harness wires from BO#4 to the circuit
board as follows:

()
()
()
()
()

Brown wire to hole J.
White-orange wire to hole K.
Orange wire to hole L.

Black wire to hole R.

Blue wire to hole S.

Yellow wire to hole N.

()
()
()

Gray wire to hole P.
Green wire to hole T.
( ) White-red wire to hole V.

( ) Red wire to hole Y.

This completes the harness wiring to the circuit
board. The remaining harness wires will be con-
nected later.

When you prepare stranded wire, cut the specified
color wire to the indicated length and remove 1/4” of
insulation from each end. Tightly twist the fine wire
strands. Then melt a small amount of solder on the
exposed wire ends to hold the fine wire strands to-
gether.

()

Prepare the following stranded wires:

3-3/4" large 7" large red 12-1/2" brown

red

5" large red 5" large 12-1/2" orange
black

Connect only one end of each wire in the following
six steps. Their free ends will be connected later.
() One end of a 3-3/4" large red wire to switch
SW101A lug 22 (S-2). If necessary, flatten the
wire end so it will fit into the lug hole.

One end of a 5" large red wire to circuit board
hole AF (S-1).

One end of a 7" large red wire to circuit board
hole AE (S-1).

One end of a 5" large black wire to circuit board
hole AH (S-1).
12 Y2

One end of an 8-3/2" orange wire to circuit
board hole W (S-1).

122
( ) Oneend of an =12 brown wire to circuit board
hole X (8-1).

Tightly twist together the orange and brown
wires to form a twisted pair for a length of 6"
from the circuit board.

o Yo <A 1 (INCHES) 2 3 4 5 6
|ye ae s 7| ),y gL | IS | ] | I .'I i | ! | ! | L
aaaapsaaan| T T T T T T T T T T T T T T T T T T T | T T T T
0 5 1 (M) 2 3 4 5 & 7 8 e 10 11 12 13 14 15 16 17
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Refer to Pictorial 3-2 for the following steps.

NOTE: Where a wire passes through a connection and
goes to another point, it will count as two wires in the

( ) Locate the pushbutton switch assembly (#64- solder instructions (S-2), one entering and one leav-
831). ing the connection. Be sure, when you solder these
connections, to apply enough heat to solder these

( ) Refer to the inset drawing on Detail 3-2A and “through wires.”

cut off the six indicated lugs (not the ones with
holes) from switch SW1 (the switch with the red
pushbutton).

SW1, SW2, SW3, SW4: Refer to Detail 3-2A and
mount the pushbutton switch assembly on the
switch bracket with 3-48 x 5/16" screws and #3
lockwashers, and 1/16" long spacers. Be sure to

(

)

Connect a 1-7/8” bare wire (use the yellow wire
and remove all the insulation) from switch SW4
lug 7 (NS), through switch SW4 lug 2 (NS),
through switch SW2 lug 8 (NS), to switch SW2
lug 1 (8-1).

position the switch with the red pushbutton as [ 1 Cut hoth leads- ot 10 Ms}‘ Vit (brovm-
chown. black-blue) resistor to 7/16".
( ) R3:Connect this 10 M{} resistor to switch SW4

Refer to Detail 3-2A and temporarily mount the
switch bracket on the rotary switch that is
mounted on the circuit board. Use a 3/8"
lockwasher and a 3/8-32 nut. Position the
switch bracket up as shown.

between lug 2 (S-3) and lug 6 (NS).

Locate a 270 k(, 1/4-watt (red-violet-yellow)
resistor and cut one lead to 5/8” and the other
lead to 3/8".

R2: Pass the long lead of this 270 k) resistor
through switch SW3 lug 2 (S-2) to switch SW2
lug 11 (NS). Connect the other lead of the resis-
tor to switch SW3 lug 3 (NS).

Placea 1/4" length of sleeving on one lead of a .1
pF Mylar capacitor and a 1/2” length of sleeving
on the other lead.

INSET

RUBBER
|JGROMMET

PICTORIAL 3-2
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LONG SPACERJ@

SWITCH
BRACKET

Detail 3-2A

( ) C2: Connect the lead of this capacitor with the
shorter insulation to switch SW2 lug 8 (S-3).
Pass the other lead through switch SW-3 lug 1
(S-2) to switch SW2 lug 10 (S-1).

( ) Prepare the ends of a 15" blue wire and a 12" (
blue wire.
NOTES:

1. When you connect a larger wire to the push-
button switches, you may find it necessary to (
flatten the wire end with long-nose pliers so the
wire end will fit into the lug hole.

o Yo Yo % 1 ({INCHES) 2 3
[ t/8 3/8 | 5/8 78 I
e el Mol ol Wl (O

)

)

RED
PUSHBUTTON

@ ~
! ~ @ 3/8-32 NUT
)
¢
@m" LOCKWASHER

OCKWASHER

®
@3-45 x 5/16" SCREW

When you are instructed to make a “mechani-
cally secure connection,” do this by inserting
the wire through and wrapping it around the
lug. See the inset drawing on Pictorial 3-2.

( ) Connect one end of a 15" blue wire to switch

SW1 lug 4 (S-1). Make a mechanically secure
connection. Lay the wire flat against the top of
the switch. The other end will be connected
later.

Connect one end of a 12" blue wire to switch
SW1 lug 5 (S-1). Make a mechanically secure
connection. Lay the wire flat against the top of
the switch. The other end will be connected
later.

Slide the rubber grommet onto these blue wires
so the grommet is 3/8" from the indicated edge
of the switch.

AAAsmnaasa T T
0 5 1 (@©m 2 3 4 5 6 7 8 a

4 A i i L i L "
T t T Y T T T T T T T T T T
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Refer to Pictorial 3-3 (Illustration Booklet, Page 3) for
the following steps.

NOTE: When you connect a harness wire to the lug of
a pushbutton switch, position the wire so it comes
straight up off the end of the lug. See the inset draw-
ing on Pictorial 3-3.

Refer to Detail 3-3A to aid in switch lug identification

and connect the wires from BO#1 of the harness tothe
pushbutton switches as follows:

( ) Black wire to switch SW4 lug 7 (S-2).
() Green wire to switch SW4 lug 8 (S-1).
() Red wire to switch SW4 lug 1 (S-1).

( ) Yellow wire to switch SW4 lug 5 (S-1).
( ) Orange wire to switch SW4 lug 6 (S5-2).
() Blue wire to switch SW3 lug 3 (S-2).

() White-black wire to switch SW2 lug 7 (S-1).

( ) Brown wire to switch SW2 lug 11 (S-2).
() White wire to switch SW2 lug 4 (S-1).
( ) Gray wire to switch SW2 lug 5 (S-1).

( ) Violet wire to switch SW2 lug 6 (NS).

The remaining harness wires will be connected later.

() Cutbothleads of a.505 (, 1%, 1/2-watt resistor
to 1/2".

When you install this resistor in the next step, the
body of the resistor must be positioned straight up
from the ends of the switch lugs; otherwise, the
switch shield will not fit when mounted later.

() R1:Connect this .505 { resistor to switch SW2
between lug 2 (S-1) and lug 6 (S-2).

Detail 3-3A

O Y w3y 1 (INCHES) 2 3 4 5 6 7
|re,9m st 78] o by | | | | | I 1, | |-
e — 1 71 . T " 1 1 ' 1 °* 1 T =l sl T T | LI

0 5 1 (cMm) 2 a a 5 6 7 8 10 11 12 13 14 15 16 17
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The following chart is provided so you can check the
wiring of the pushbutton switch assembly to be sure
there are no wiring errors. If there is an error, correct it
before you proceed. Refer to Detail 3-3 A for the switch

and lug numbers.

SWITCH LUG NUMBER PART TO

Swi 1,2,3 NC* -
4 Blue wire NC
5 Blue wire C
6 NC —

swa 1 Bare wire SW2 lug 8
2 .505 {1 resistor SW2 lug 6
3 NC —
4 White wire Harness
5 Gray wire Harness
6 .505 12 resistor SW2 lug 2
6 Violet wire Harness
7 White-black wire Harness
8 Bare wire SW2 lug 1
8 Bare wire SW4 lug 2
8 .1 uF Mylar SW3 lug 1
9 NC —
10 Bare wire SW3 lug 1
" Bare wire SW3 lug 2
1 Brown wire Harness
12 NC —

Sw3 1 Bare wire SW2 lug 10
1 .1 uF Mylar SW2 lug 8
2 Bare wire SW2 lug 11
2 270 k) resistor SW3 lug 3
3 270 k(1 resistor SW3 lug 2
3 Blue wire Harness

456 NC —

Sw4 1 Red wire Harness
2 Bare wire SW2 lug 8
2 Bare wire SW4 lug 7
2 10 MQ resistor SW4 jug 6
34 NC —
5 Yellow wire Harness
6 10 M(} resistor SW4 lug 2
6 Orange wire Harness
7 Bare wire SW4 lug 2
7 Black wire Harness
8 Green wire Harness

9,10, 11,12 NC -

*NC = No connection
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Detail 3-3B

Locate the 1" x2" piece of fish paper and posi-
tion its gray side up as shown Detail 3-3B. Then
cut off a 3/4” x 1" piece.

Refer to Detail 3-3B and bend the remaining
piece of fish paper to form a crease 13/16" from
the indicated edge.

Refer to Detail 3-3C and remove the paper back-
ing from the 3/4" x 1" piece of fish paper. Then
press this piece of fish paper onto the indicated
outside surface of the switch shield.

SWITCH
SHIELD

Detail 3-3C

In the same manner, install the remaining piece
of fish paper in the inside of the switch shield as
shown in Detail 3-3C.

Refer to Detail 3-3D and slide the switch shield
between switches SW1 and SW2 of the
pushbutton switch assembly. Then secure the
switch shield to the switch bracket with two #6
X 1/4" sheet metal screws. Hold the switch
bracket so it does not bend.

gSwl

SWITCH
BRACKET

Detail 3-3D
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{RoTARY swiTCH]

Yl

SWITCH

SHIELD
ol INSET

RUBBER

PICTORIAL 3-4

Refer to Pictorial 3-4 for the following steps.

( ) Loosen the nut on the front of the rotary switch
and reposition the switch bracket as shown in
Pictorial 3-4.

() R4: Refer to Detail 3-4A and mount the 50 k)
control (#10-1084) in the indicated hole in the
switch bracket with a 1/4” lockwasher and a
1/4-32 nut. Position the control so its lugs are
positioned as shown.

{ ) Connect the free end of the red wire coming
from circuit board hole AF to switch SW4 lug 11
(S-1). Keep this wire tight against the top of the
switch.

( ) Connect the free end of the red wire coming
from rotor switch SW101A lug 22 to switch
SW4 lug 12 (S-1). Keep this wire tight against
the top of the switch.

Connect the remaining wires from BO#1 of the har-
ness to control R4 as follows:

( ) White-orange wire to lug 1 (S-1).

( ) White-brown wire to lug 2 (S-1).

0 v W H 1 (INCHES) 2 3
I 178 I a8 | 5/a| /8 I

l.l.llw.ll.l.l.lv.
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(
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)

White-red wire to lug 3 (S-1).

Position the rubber grommet, on the blue wires
coming from switch SW1, into the notch in the
switch shield.

Twist these blue wires together to form a

twisted pair. Their free ends will be connected
later.

\\-

D SWITCH

BRACKET

NUT

@
11'4 LOCKWASHER

Detail 3-4A
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ASSEMBLY CHECK LIST

6. Check capacitor values carefully. Be sure the
proper part is wired into the circuit at each

1.  Recheck the wiring. Trace each wire in colored capacitor location. For example, it would be
pencil on the Pictorial as it is checked. It is easy to mistake a .005 uF capacitor for a .05 uF
frequently helpful to have a friend check your capacitor. Check electrolytic capacitors to make
work. Someoné who is not familiar with the unit sure the positive (+) marked lead is in the posi-
may notice something consistantly overlooked tive (+) marked hole on the circuit board.
by the kit builder.

7. Make sure the proper diode has been installed at
each diode location and that the banded end is

2. Check for bits of solder, wire ends, or other positioned correctly.
foreign matter which may be lodged in the wir- .
ing. 8. Make sure the proper transistor has been

installed at each location and that each lead is in
the proper hole.

3. Check all component leads connected to the cir-
cuit board. Make sure leads do not extend 9. Press the plug-in integrated circuit (IC103) into
through the circuit board and come in contact its socket so that each pin will make a secure
with other connections or parts. connection. Be sure that each IC pin is properly

installed in its socket and not bent out or under
the IC.

4.  About 90% of the kits that are returned for repair 10. Check each IC to make sure its tab or index mark
do not function properly because of poor solder- end matches the index mark on the circuit
ing. Therefore, many troubles can be corrected board.
by careful inspection of connections to make
sure they are properly soldered. Reheat any 11. Check the values of the parts. Make sure the
doubtfal conmsctions. proper part has been wired into the circuit at

each location. For example, a 900} resistor
could easily be installed in place of a 9000 (.
NOTE: If a resistor appears darkened (from pos-
ible overheating during soldering) and you have

5.  Closely examine the circuit board foil to see that an chmmeter available, measure the resistance.
no solder bridges exist between adjacent foils. If (CAUTION: Once the meter movement has been
you are not sure a solder bridge exists, compare wired into the kit, be sure you disconnect one of
the circuit board foil with the “‘Circuit Board its leads before you make any resistance checks.)
X-Ray View"" (Illustration Booklet, Page 13).

Set the circuit board assembly aside tempaorarily.
o] Yo % % 1 (INCHES) 2 3 4 5 6 7
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FRONT PANEL

4-40 x 1/2"

}1\ 1l
TRIM BAR

’l‘l CENTERED ?
O] ==l
(0]

#4 LOCKWASHER 3
4-40 NUT~—_

FRONT PANEL \

Detail 4-1A

Refer to Pictorial 4-1 (Illustration Booklet, Page 3) for
the following steps.

{ ) Place a soft cloth on your work area to keep the
front panel from getting scratched.

( ) RefertoDetail 4-1A and install 4-40 x 1/2" “T"
bolts in slots BA and BB of the front panel witha
#4 lockwasher, and a 4-40 nut. Only start the
nuts on the bolts at this time.

( ) Slide the trim bar onto the square heads of the
“T” bolts. Position the ends of the trim bar even
with the sides of the front panel and tighten the
nuts on the T bolts.

Refer to Detail 4-1B for the following steps.

( ) Carefully unpack the meter and position it face
down on the soft cloth.

( ) Remove and discard the shorting wire from be-
tween the meter bolts.

( ) Remove and save both nuts, solder lug, and
insulating washer from each meter bolt.

NUT@
soLoERGj

LUG =

WASHER

SHORTING
WIRE

Detail 4-1B

( ) Remove and discard the pieces of tape that
cover the LED mounting holes in the meter.

() Cut 1/8" off the lead next to the flat on both
light-emitting diodes (LED’s).

( ) LED 1: Insert an LED into its mounting hole in
the meter. Position the flat of the LED towards
the top of the meter.

() Remove the paper backing from one of the 3/4"
x 1" pieces of fish paper. Position the holein the
fish paper over the leads of LED 1 and press the
fish paper onto the meter. Be sure the wide
space of the fish paper is towards the side of the
meter.

( ) LED2:Inthe same manner, install an LED in the
other hole in the meter.
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6-32 PUSH-ON

‘f& NUT
FOAM METER
TAPE BRACKET
: /@J
1
1
1
PeFLAT
a  SIDE

Detail 4-1C
( ) Refer to Detail 4-1C and install 6-32 push-on
nuts at the indicated holes in a meter bracket. Be
sure the flat side of each nut is positioned as
shown.

6-32 x 5/16"
FLAT-HEAD

METER
M1

e
o

5

METER
BRACKET

(o] Vi Y% % 1 {(INCHES) 2 3
R (1) S S I

(

)

Cut four 3/4” long pieces from the length of
foam tape.

Refer to Detail 4-1C and remove the protective
backing from two pieces of the foam tape. Then
press them onto the meter bracket at the indi-
cated locations.

In the same manner, prepare the other meter
bracket.

M1: Refer to Detail 4-1D and fit the meter into its
hole in the front panel. Push the meter as far as
possible in the direction of the large arrow.

Refer to Detail 4-1D and secure the meter in the
front panel with the two meter brackets. Use
two 6-32 x 5/16" flat-head screws in each meter
bracket. Press the brackets against the meter to
hold the meterfirmly in place in the front panel
before you tighten the screws.

P
et y—i 7 r T r
o 5 1 (CMm) 2 3 4 5 [ 7
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FRONT

3/8-32 NUT

@31’8" FLAT WASHER

JRED BANANA SOCKET

./ﬁBLK BANANA SOCKET

v

SWITCH
BRACKET

5/16" LOCKWASHER

BANANA SOCKET NUT

Detail 4-1E

Refer to Detail 4-1E for the following steps. ( ) S2:In the same manner, install a black banana

socket at S2 in the front panel and the switch

( ) Remove the nut from rotary switch SW101. bracket.

( ) Fitthe pushbutton knobs and the rotary switch ( ) Check to see that all four of the pushbuttons
bushing into their respective holes in the front operate freely in their front panel holes. If not,
panel. move the switch bracket until the pushbuttons

are centered. Then tighten the nut on the rotary

{ ) Install a3/8"flat washer and a 3/8-32 nut on the switch.
bushing of rotary switch SW101. Do not tighten
the nut at this time. NOTE: When you tighten the nuts on the banana

sockets in the next step, be sure the tool you use does
not slip and damage the banana sockets or adjacent
parts. Do not overtighten the nuts or the sockets will
be damaged.

( ) S1:Install ared banana socket at S1 in the front
panel and the switch bracket with a 5/16"
lockwasher and the nut from the banana socket.

Do not tighten the nut at this time.
& ( ) Tighten the nuts on banana sockets S1 and S2.
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#10 FIBER
SHOULDER
WASHER <]

INSULATING
WASHER }D

METER - 4
SHIELD /1

|

Detail 5-1A

Refer to Pictorial 5-1 (Illustration Booklet, Page 3) for
the following steps.

( ) FB1, FB2: Pass the free end of the large black

wire coming from circuit board hole AH
through one hole of two large ferrite beads.
Then connect this wire to banana socket 52
(8-1).

CAUTION: When you work with the LED’s in the
following steps, avoid bending their leads near the

body

()

of the LED, as the leads can be easily broken.

Refer to the inset drawing in Pictorial 5-1 and
bend a small hook in the end of both leads of
LED1 and LED2.

( ) Pass the free end of the large red wire (coming
from circuit board hole AE) through the other () In the same manner, bend a small hook in the
hole of the two ferrite beads just installed on the end of each of the four harness wires that have
large black wire. Then connect this wire to the sleeving on them.
banana socket S1 (S-1).
() Placea1”length of sleeving on each of theblue, ~ When you connecta wire from BO#2 of the harness to
orange, yellow, and black wires coming from  the lead of an LED, bend the hook in the wire and the
BO#2 of the harness. Push the sleeving as faras ~ hook in the LED lead closed. Make these connections
possible onto each wire. as small as possible so the sleeving will fit over the
(o] Yo Y% 3y 1 (INCHES) 2 3 4 5 6 7
l’f"lJ{“lE‘faL’f“l.h,l.lllil.l.n.lAu‘|,|.l.| l|'1.|1.1.|1lll
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connections. Solder the connection. Then after the
connection has cooled, push the sleeving over the
connection and tight against the rear of the meter.

() Connect the yellow harness wire to the longer
lead of LED 1 (S-1).

( ) Connect the black harness wire to the shorter
lead of LED 1 (S-1).

( ) Connecttheblue harness wiretothe longer lead
of LED 2 (S-1).

( ) Connect the orange harness wire to the shorter
lead of LED 2(S-1).

NOTE: Use a black screw and/or black lockwasher
only when specifically called for in a step.

() Refer to Detail 5-1A and install a #6 solder lug
at BC on the meter shield with a 6-32 x 3/8"
black screw and a 6-32 nut.

Refer to Detail 5-1A and install the meter shield on the
meter as follows:

() Place a #10 fiber shoulder washer (with the
shoulder out) onto each meter bolt.

( ) Carefully slip the meter shield under the wires
from BO#2 of the harness and onto the meter
bolts. Be sure no wires are pinched between the
meter shield and the front panel.

( ) Place an insulating washer (supplied with the
meter) on each bolt.

() Install and tighten a nut (supplied with the me-
ter) onto each meter bolt. Be sure the shoulder of
each fiber washer is centered in its hole of the
meter shield.

( ) Install a solder lug and nut (supplied with the
meter) onto each meter bolt. Position the solder
lugs as shown.

Refer to Pictorial 5-1 for the following steps.
() Connect the free end of the brown wire coming

from BO#2 of the harness to solder lug BC on
the meter shield (S-1).

ORG 1-TWIST
3-TURNS /
BRN

LARGE FERRITE
BEAD

Detail 5-1B

( ) FB3: Locate the free end of the orange wire and
brown wire twisted pair coming from circuit
board holes W and X. Be sure they are twisted
for a length of only 6” from the circuit board.

() Refer to Detail 5-1B and pass the brown wire
through one hole in a large ferrite bead. Then
pass the wire through the same hole in the fer-
rite bead three times (three turns of wire show-
ing on outside of ferrite bead).

( ) Inthe same manner, form three turns with the
orange wire through the other hole in the ferrite
bead.

( ) Twist these wires one complete twist where
they come out of the ferrite bead as shown in
Detail 5-1B.

Connect the free ends of these brown and orange
twisted wires to the meter solder lugs as follows:

( ) Orange wire to meter M1 positive (+) lug (S-1).
( ) Brown wire to meter M1 negative (—) lug (S-1).
( ) Prepare a 1-1/2” brown wire.

( ) Connectoneend of this wire to the solder lug on
the rear of rotary switch SW101 (S-1).

( ) Connecttheother end of this brown wireto a #6
solder lug (S-1). This solder lug will be
mounted later.

Set the circuit board-front panel assembly aside tem-
porarily.
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CABINET BOTTOM

" o o
. ;d ] I PLASTIC Refer to Pictorial 6-1 (Illustration Booklet, Page 4) for

"E """""""""" E‘,/ F00T the following steps.

—l B 3/8" —ei fe— () Refer to Detail 6-1A and remove the protective

. backing from the four plastic feet. Then press
the feet onto the bottom of the cabinet bottom at
the indicated locations.

( ) Scrape or sandpaper any paint off the six areas
2 CABINET on the top of the cabinet bottom indicated by the
BOTTOM large arrows. This is to provide a good electrical
contact between the cabinet bottom and the
parts mounted at these locations.

( ) Refer to Detail 6-1B and mount a #6 solder lug
at CB with a 6-32 x 3/8" black screw and a 6-32

-T_-._E_______________‘i_ l. nut.

1-1/4" © 2 ( ) Refer to Detail 6-1C and mount a 6-32 x 1/2"
= . phillips head screw at CA with two #6
Detail 6-1A lockwashers and a 6-32 nut. Securely tighten

this hardware.

( ) Install two #6 flat washers and the 6-32 thumb
nut only finger tight on screw CA.

6-32 THUMB NUT

P
@6‘32 NUT @ 46 FLAT WASHER
Léo) #6 SOLDER LUG @ a e

#6 LOCKWASHER
Car "

INSIDE OF
“i_~CABINET BOTTOM

#6 LOCKWASHER

6-32 x 1/2"
6-32 x 3/8" PHILLIPS HEAD
SCREW

BLACK SCREW

Detail 6-1B Detail 6-1C
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BLK-GRN = \ !
| =/ RED
Loz Gl MOUNTING
FOOT
Detail 6-1D
) Refer to Detail 6-1D and cut the leads of the ( ) Scrape or sandpaper any coating off both sides
power transformer (#54-934) to the indicated of each power transformer mounting foot.
lengths. Measure from where the leads come
out of the transformer. Remove 1/4" of insula- ( ) T1: Refer to Detail 6-1E and mount the power
tion from each lead end. If any of the exposed transformer at T1 with 8-32 x 3/8” black screws,
lead ends do not have solder on them, melt a #8 lockwashers, and 8-32 nuts.
small amount of solder on them to hold the fine
wire strands together. ( ) SWs5: Refer to Detail 6-1F and mount the slide

Twist together the two red and the red-yellow
wires.

) 8-32 NUT

& #8 LOCKWASHER

ki POWER
TRANSFORMER

8-32 x 3/8"

!; BLACK
SCREW
=

switch at SW5 with 6-32 x 3/8” black screws.
Position the lugs with the wire connected bet-
ween them as shown in Pictorial 6-1.

D)

6-32 x 3/8" BLACK SCREW

I; Detail 6-1F

2 Detail 6-1E
(o] Vi Y 3, 1 (INCHES) 2 3 4 5 6
|yo age se om0 | L Ll ! ] ia gy | [ I P
asasnazas T T T + T T T T T - S S R T r t T T T —
0o 5 To(CM) 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
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46 EXTERNAL TOOTH  6-32 x 3/8"

11/16"
LACK SCREW
_"\\LOCKWASHER B i e
S =2
{ |

46 LOCKWASHER @i
6-32 NUT@x@

#6 BLACK
LOCKWASHER

i 6-32 x 3/8"
BLACK SCREW

Detail 6-1H

Detail 6-1G

() RefertoDetail 6-1G and mount the fuse block at Refer to Pictorial 6-2 for the following steps.
F1 with a 6-32 X 3/8" black screw, a #6 external
tooth lockwasher, a #6 lockwasher, and a 6-32 NOTE: All the connections in this Pictorial must be
nut. “mechanically secure connections.” To make a
“mechanically secure connection,” insert the lead or
() RefertoDetail 6-1H and mount an 11/16" spacer wire through the hole in the lug and wrap the lead or

at CC with a 6-32 x 3/8" black screw and a #6  wire around the lug as shown in inset drawing #1 on
black lockwasher. Pictorial 6-2.

( ) Inthe same manner, mount an 11/16” spacer at ( ) Connect the black-green lead coming from
CD. transformer T1 to switch SW5 lug 2 (S-1).

( ) Connect the black-yellow lead coming from
transformer T1 to switch SW5 lug 5 (S-1).

BLUE AND WHITE
LABEL

INSET #2

INSET #1

PICTORIAL 6-2
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1/4" END OF OUTER

\\msum}low

PLACE THE LINE
CORD IN THE SLOT.

SQUEEZE THE TWO
SEGMENTS TOGETHER.

INSERT THE REAR
HALF INTO THE HOLE.

Detail 6-2A

Prepare a 2-1/2" blue wire and a 3-3/4" blue
wire.

Connect a 2-1/2" blue wire from transformer T1
lug 4 (NS) to switch SW5 lug 1 (S-1).

Connect a 3-3/4” blue wire from transformer T1
lug 1 (NS) to switch SW5 lug 4 (S-1).

Locate the line cord. Refer to Detail 6-2A and
carefully remove enough outer insulation to
expose 3-1/2" of the inner wires. Do not cut the
insulation on the inner wires. Then cut off any
strings even with the end of the outer insula-
tion.

Twist the fine wire ends and melt a small
amount of solder on the exposed wire ends.

Refer to Detail 6-2A and install the line cord
strain relief on the end of the outer insulation of
the line cord. Then insert the end of the line
cord through hole CE and install the line cord
strain relief in the hole.

Connect the black wire of the line cord to fuse
block F1 lug 2 (S-1).

Connect the green wire of the line cord to solder
lug CB (5-1).

(INCHES) 2 3

I W N T

Yo 3 1)

3/8 | 5/8 7/8 |
n " L ! "

Connect the white wire of the line cord to trans-
former T1 lug 4 (NS).

Cut both leads of a 5000 pF (.005) 1.4kV ceramic
capacitor to 1-1/4".

Place a 1" length of sleeving on each lead of this
capacitor.

C1: Connect this capacitor from transformer T1
lug 4 (S-3) to fuse block F1 lug 1 (NS).

Locate the fuse label and write ““1/16-ampere”
“slow-blow” in the spaces provided.

Remove the paper backing from the fuse label
and press the label on the inside of the cabinet
bottom at the location shown in Pictorial 6-2.

F1: Install the 1/16-ampere slow-blow fuse in
fuse block F1.

Carefully peel the paper backing from the blue
and white label. Refer to inset drawing #2 on
Pictorial 6-2 and press this label onto the out-
side rear of the cabinet bottom. Position the
label 3/4" from the top edge. Be sure to refer to
the numbers on this label in any communica-

tion you have with the Heath Company about
this kit.

Set switch SW5 to match the line voltage (either
120VAC or 240VAC) used in your area.

e ]
5.7 S ) N PR S (S ) SUNE S (R SN SN

1 (CWm) 2 3 4 5 & 7 B8
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Refer to Pictorial 7-1 (Illustration Booklet, Page 4) for
the following steps.

Connect the two red wires and the red-yellow wire
coming from transformer T1 to the circuit board as
follows:

Either red wire to hole A (S-1).
Other red wire to hole C (5-1).
Red-yellow wire to hole B (S-1).

Loosen the nut that holds the rotary switch to
the front panel.

Refer to the inset drawing on Pictorial 7-1 and
fit the front edge of the cabinet bottom over the
bottom lip of the front panel.

Position the twisted blue wires coming from the
switch shield under the circuit board so they are
between the side lip of the cabinet bottom and
the spacer at D. These wires should extend from
under the rear edge of the circuit board.

Secure the front panel to the cabinet bottom
with two 6-32 x 3/8" self-tapping screws.

MODEL
LABEL

F
MODEL IM-5225 W

HEATHKIT
6 810 152 o,
ov*"‘" q: A% S 0 30 4 s

5 & S 677'8-—, %
Q . 1 . N RS

; 3 E— ] :

.3

.3 98 ®
DC +

FET MULTIMETER
( O QO RANGE T

FUNCTION ® 11 ADJUST

shen
1000

INPUT ac 300 — \
100 —

2’/

POWEH wo/
O

1

B-HrO<

00

()

Install the solder lug, with the brown harness
wire attached, at D, on the circuit board, with a
6-32 x 3/8" black screw through the circuit
board and into the spacer. Be sure the solder lug
does not touch the red lead in hole C in the
circuit board.

( ) Install the solder lug, with the brown wire com-
ing from the rear of the rotary switch, at CC with
a 6-32 x 3/8” black screw through the circuit
board and into the spacer.

Tighten the nut that mounts the rotary switch to
the front panel.

Connect the free ends of the twisted blue wires com-
ing from the switch shield as follows:

( ) Shorter blue wire to transformer T1 lug 1 (S-2).
Make a mechanically secure connection.

() Longer blue wire to fuse block F1 lug 1 (S-2).
Make a mechanically secure connection.

Refer to Pictorial 7-2 for the following steps.
( ) Remove thebacking paper from the model label
and press the label in place in the space pro-
vided on the trim bar.

( ) RefertoDetail 7-2A and place the knob bushing
(small) on the outer shaft of the Range switch.
Be sure the round-hole side of the bushing is
towards the front panel.

() Grasp the bushing and rotate it until the tab on
the front rotor of switch wafer SW101B (second
wafer from front panel) is in lug (hole) position
24. See the inset drawing on Pictorial 7-2.

SWI1018B

PICTORIAL 7-2

X10k



g i ATHKIT:

Page 41

NUT
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Detail 7-2A

()

Align the white pointer of the black knob
exactly with the “X10k” line on the front panel
and press the knob onto the bushing.

() Carefully remove the knob and bushing to-

gether so the bushing does not move in the
knob.

Refer to Detail 7-2A and place the knob
bushing-side up on your work surface. Then
use a nut driver, or other suitable tool, and push
the bushing down into the knob until the bush-
ing is even with the inner ledge in the knob.

Replace the knob on the Range switch shaft so
its white pointer is in line with the X10k line on
the front panel.

Refer to Detail 7-2B and place the knob bushing
(large) on the inner shaft of the Range switch.
The large-hole side must be towards the front
panel.

Turn the bushing fully counterclockwise.

Align the black pointer on the red knob with the
X1M line on the front panel.

Push the knob only part way onto the bushing.

() Remove the red knob with its bushing together
so the bushing does not turn in the knob.

Refer to Detail 7-2B and place the knob
bushing-side down on your work surface. Then
push knob down onto the bushing. The end of
the bushing should be even with the edge of the
knob.

Reinstall the red knob onto the inner shaft of the
Range switch.

Except for the “Test Lead Assembly” and “Final As-
sembly”, this completes the assembly of your Mul-
timeter. Carefully check to see that all connections are
soldered and that there are no wire ends touching
each other or any metal parts. Shake out any solder
splashes or wire clippings.

; KNOB
: BUSHING
. (LARGE)
i RED
s KNOB
; N
W)
; i SMALLER
yiM <. OPENING
™ /
~< /' BLACK

~
~

3
~

POINTER

Detail 7-2B
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TEST LEAD ASSEMBLY
Refer to Pictorial 8-1 for the following steps. ( ) Installatest probe on this end of the red wire as

follows:
( ) Remove 1/2" of insulation from one end of the
remaining red wire. 1. Unscrew the insulator from the probe tip
and insert the wire through the smaller hole
in the insulator.

’ pTREOSBT . 2. Twist the fine wires together and insert
them through the hole in the probe tip. Then
{:rff%‘ form the wires around the probe tip and
,w««j},ﬂ‘“j";g screw the collar nut (recessed side first) over
f\ﬂw J them. Screw the insulator back on the probe

tip.

- PROBE COLLAR . _
RED TI P NUT ( ) Remove 3/4” of insulation from the free end of
Lo WIRE the red wire.

%IM“D m’jﬂ () Insertthisend of thered wireintoabanana plug

as shown. Then bend the wire flat against the
plug body.

_____________________________________ ( ) Place the banana plug on a small phillips
screwdriver (or similar tool) and push a red
plug insulator onto the plug and wire until the

WIRE plug is fully seated.

‘E 3}4‘. ( ) Remove 3/4" insulation from one end of the

SCREWDRIVER remaining black wire.

B LADE
<E D ( ) In the same manner, install a banana plug and
3> > @QD))): < black plug insulator on this end of the black
% wire.
BANANA PLUG
PLUG INSULATOR

————————————————————————————————————— ( ) Remove 1/4” insulation from the “‘free” end of

ALLIGATOR the black wire.
l cLIp

( ) Insert this end of the black wire through the
smaller end of the black alligator clip insulator.
Twist the fine wires together and insert them

NETRT ,\ e T 1n‘to Fhe alligator clip {S-l.]. Slip ﬂ"le alligator

CLIP . 1D CLIP clip insulator over the alligator clip after the

INSULATOR WikE TR clip has cooled.

PICTORIAL 8-1
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INITIAL TESTS

Refer to Pictorial 9-1 (Illustration Booklet, Page 5) for
the location of the front panel switches and controls.

The purpose of this section is to make sure your Mul-
timeter will not be damaged as the result of a wiring
error or other difficulty.

RESISTANCE CHECKS

NOTE: DO NOT plug in the line cord until you are
instructed to do so.

To perform the following steps, you will need an
ohmmeter that has a 1.5 volt test voltage. Most analog
ohmmeters (VOM, VTVM) have this test voltage. In
addition, it should have a center-scale deflection fac-
tor (number at center of the scale) greater than 5, but
less than 50. If such an ohmmeter is not available,
proceed to “Operational Check’’ on Page 44.

NOTE: In the first set of the following tests (test points
A through F), if you do not obtain the proper reading,
reverse the ohmmeter test leads. (Some meters are
wired differently than others). If you still do not get
the proper readings, refer to “Initial Test Problems
Chart” on Page 44.

CAUTION: In the following steps, use only the RX10
or the RX100 ranges of your ohmmeter. Other ranges
may produce excessive current or may produce er-
roneously low readings.

() POWER switch out (off).

() Push the DC/Q switch in; the AC and QLV
switches should be out. Set the RANGE switch
to the 1000 VOLT position.

( ) Refer to Pictorial 9-2 (Illustration Booklet, Page
5) and connect the common (—) chmmeter lead
to the + marked end of C113. Touch the input

(+) ohmmeter lead to the following points. The
readings should be greater than those shown.
NOTE: Leave the test leads connected long
enough to allow the test meter to stabilize.

TEST POINT READING: GREATER THAN
( VA 10 k 0
( )B 1500 Q
16 50 O
( )D 100 Q
( JE 100 )
( )F 10 kQ

( ) Reversethe ohmmeter leads and touch each test
point again.

TEST POINT READING: GREATER THAN

300

50 )

10 kQ)
1000 )
200 Q
10 k)

nmmgoOw

() With either ohmmeter lead connected to the +
marked end of C113, measure all three prongs of
the line cord, and at lugs 1 and 4 of the
transformer. Each reading must show infinity.

() With either ohmmeter lead connected to the
chassis ground (knurled nut) on the rear panel,
measure the two flat prongs of the line cord (but
not the round one). Each reading must show
infinity. The round prong should indicate near
“0" ohms.

( ) With either meter lead connected to chassis
ground, measure lugs 1 and 4 of the trans-
former. Each reading must show infinity.

Disconnect the ohmmeter leads and proceed to “Op-
erational Check.”
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Initial Test Problems Chart

If you cannot find your problem in the following
chart, proceed to ““In Case of Difficulty’” on Page 59.

PROBLEM

POSSIBLE CAUSE OF LOW READINGS

Improper reading at point A

D105, D106.
c112.

IC101.

Q101 thru Q104.

W=

Improper reading at point B

IC101, 1C103.
Q101, Q102, Q107.
R124.

C122.

& G

Improper reading at point C

1. D107, D108.
C113.
IC102.

w

Improper reading at point D

IC102, IC103.
Q101, Q102,Q108.
Wiring to control R4.
C114, C123.

el S

Improper reading at point E

1. 1C103.
2. D111 thru D114,

Improper reading at point F

1. C101.
2. Improper wiring at front panel.

Any line cord prong or transformer lug shows less than an
infinite resistance reading.

-

T1 or fuse F1 wiring.
Short in wiring to SW1 or SW5.
Transformer T1.

w

OPERATIONAL CHECK

() Setthe three circuit board controls to their cen-
ters of rotation (slot vertical to circuit board).
Use a small-bladed (1/8" wide) screwdriver.

WARNING: When the line cord is plugged in, full AC
line voltage is present at several points in the Mul-
timeter. Be careful that you do not touch these areas.
See Pictorial 9-2 (in the “Illustration Booklet”).

Refer to Pictorial 9-2 for the following steps.

( ) Set the front panel controls and switches as

follows:

ZERO & cos somii v s si CCW end.

Q ADJUST .......... Center of rotation.
RANGE ............. 1000 VOLT.
DC/IQ ... In.

AC ... . Out

LN v woanis o v s wos Out

NOTE: If you do not get the proper results in the
following steps, immediately unplug the line cord
and proceed to “In Case of Difficulty” on Page 59.

( ) Plug the line cord into the AC outlet.

( ) Push the POWER switch in (ON). The meter
needle should deflect to the right, but not past
full scale. The DC— LED should be lit.

( ) Rotate the ZERO control fully clockwise. The
meter needle should drop to 0 and then deflect
back up scale. Both LED’s should be lit near 0
and then just the DC+ LED.

() Turn off the Multimeter, and unplug the line

cord. Then proceed to ‘““‘Calibration”.
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CALIBRATION

WARNING: Hazardous voltages are present at sev-
eral places inside the Multimeter when the line cord
is connected. In the following steps, make sure you
do not touch any bare wires, fuses, transformer lugs,
etc. The boxed-in areas in Pictorial 9-2 (Illustration
Booklet, Page 5) show the hazardous voltage areas.

NOTE: New Multimeters may exhibit a small amount
of calibration drift due to “‘burn-in" stabilization.
Therefore, you should recalibrate your Multimeter
after an initial period of use; one month, for example.
Y ou may also wish to regularly recalibrate your Mul-
timeter at three to six-month intervals or as required
for maximum accuracy.

If in any of the following steps you do not obtain the
indicated results, refer to the “In Case of Difficulty”
section on Page 59. Locate and repair any problem
before you continue with the calibration.

This section of the Manual contains two calibration
procedures. If you have access to precision standards,
proceed to ‘‘Precision Calibration” on Page 48.

To perform the calibration with precision standards,
you will need the following equipment:

1. A DC voltage standard that provides 0.1 VDC
and 0.3162 VDC with an accuracy better than =
0.2%.

2.  An AC voltage standard that provides 0.1 VAC
rms, 1.0 VAC rms, and 10 VAC rms with an
accuracy better than +0.3%. The output must be
a low-distortion sine wave that covers a fre-
quency range of 80 Hz to 100 kHz.

If precision standards are not available at this time,
proceed with the following “Basic Calibration™ sec-
tion.

BASIC CALIBRATION

The accuracy of your Multimeter depends to a great
extent upon how carefully and accurately you per-
form the following steps. These steps require only a
minimum of equipment to calibrate the AC and DC
sections of your Multimeter. If you do not know how
to read the meter scales, refer to ‘‘Reading the Meter”
on Page 52 before you proceed with the Calibration.

NOTE: During calibration, adjustment of the calibra-
tion controls generally produces only small changes
in the needle position. You may find it necessary to
gently tap the meter face to obtain the full change in
the movement of the needle.

( ) Adjust the mechanical zero (directly under the
meter) to position the needle at the zero marks.

( ) Remove the cover from the Multimeter if it is
not already off.

( ) Plug in the Multimeter.

( ) Push the POWER switch on ({in) and allow a
warm up period of 30 minutes. Also, read the
operational statements on Pictorial 11-1 in the
“Illustration Booklet" on Page 6.
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Plug the test leads into the front panel sockets
(red lead to + socket; black lead to — socket).

Refer to Pictorial 9-2 (Illustration Booklet, Page 5) for
the following steps.

( ) Setthe three circuit board controls to their cen-
ters of rotation (slots vertical to the circuit

board).

DC CALIBRATION

( ) Push the DC/Q switch in. (The AC and QLV

switches should be out.)

Connect the black test lead alligator clip to the
red test lead probe tip.

Rotate the RANGE switch to the 0.1 VOLTS
position.

Using a 1/8" screwdriver, carefully adjust the
ZERO control for a minimum (‘‘null”) reading
at zero.

(

(

)

)

)

)

)

)

Rotate the RANGE switch to the 3 VOLT posi-
tion.

Separate the test leads and touch the red test
probe tip tothe —TP test point (front looped end
of R122). The needle should deflect to near 2 on
the 3 range and the DC— LED should be lit.

Adjust the 0.3 CAL control (R149) for an indica-
tion of —2.23 as shown in Pictorial 9-3.

Remove the test probe tip from the —TP test
point.

Rotate the RANGE switch to the 10 VOLT posi-
tion.

Touch the test probe tip to the +TP test point
(other looped end of R122). The needle should
deflect to near .5 on the 1.0 scale and the DC+
LED should be lit.

Adjust the 0.1 CAL control (R146) for an indica-
tion of +5.00 as shown in Pictorial 9-4.

Remove the test probe tip from the +TP test
point.

-TP CALIBRATION POINT OF -2.23

PICTORIAL 9-3

+TP CALIBRATION POINT OF +5.00

PICTORIAL 9-4
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AC CALIBRATION

Since the adjustment range of the AC CAL control
(R151) is quite narrow, a highly accurate AC source is
required to make this adjustment effective. Setting
this control to the center of its rotation provides suffi-
cient accuracy. However, if a precision AC source is
available, use the adjustment procedure of the *“Preci-
sion Calibration” section on Page 48.

Notes:

1.  Accurate adjustment of the FREQ COMP (fre-
quency compensation) trimmer capacitor
(C103) requires a sine wave generator and an AC
voltmeter (or an oscilloscope) with a flat fre-
quency response to approximately 1 kHz. If you
do not have these instruments, disregard the
following adjustments and proceed to ‘“Ohms
Check” on Page 49. If you do have these instru-
ments available, perform the following steps.

2. Inareas where thereis significant radiation from
60 Hz power lines, fluorescent lights, etc., you
may see some oscillation of the pointer when
you measure AC voltages of a frequency near 60
Hz. Using a frequency near 80 Hz will improve
the measurement readability. See ‘“External In-
terference’”” on Page 52.

() Turnthe RANGE switchtothe 1.0 volt position.
() Push the AC switch (in).

NOTE: With the AC switch in, both the DC+ and the
DC - indicators are lighted.

( ) Adjust the generator output level for about 1.0
volts rms (2.8 on an oscilloscope peak-to-peak).
Set the frequency to approximately 80 Hz.

( ) Connectthe AC voltmeter (or oscilloscope) and
the Multimeter across the generator output ter-
minals.

() Readjust the generator output level slightly, if
necessary, to get an indication (on the AC volt-
meter or oscilloscope) that will be easy to refer
to in the following steps.

( ) Observe and remember the Multimeter indica-
tion. This will be referred to as the 80 Hz meter
indication’’ below.

{ ) Adjust the generator frequency to approxi-

mately 1 kHz. Then, readjust the generator out-
put to the same reference on the AC voltmeter,
or oscilloscope, as before.

() Adjust the FREQ COMP trimmer capacitor
(C103) until the Multimeter gives the same in-
dication as it did above with the 80 Hz meter
indication.” If the previous 80 Hz indication
cannot be obtained, adjust the trimmer
capacitor as close as possible to the 80 Hz indi-
cation point.

( ) Disconnect all equipment.

This completes the “Basic Calibration’ of your Mul-
timeter.

Proceed to “Ohms Check” on Page 49.
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PRECISION CALIBRATION

The accuracy of you Multimeter depends to a great
extent upon how carefully and accurately you per-
form the following steps. Use these steps with preci-
sion standard equipment to calibrate the AC and DC
sections of your Multimeter. If you do not know how
to read the meter scale, refer to “‘Reading the Meter”
on Page 52 before you proceed.

If at any time you do not obtain the results called for in
a step, refer to the “‘In Case of Difficulty” section on
Page 59. Then, after you correct the problem, return to
this section and complete the calibration.

NOTE: During calibration, adjustment of the calibra-
tion controls generally produces only small changes
in the needle position. You may find it necessary to
gently tap the meter face to obtain the full change in
the movement of the needle.

( ) Adjust the mechanical zero (directly under the
meter) to position the needle at the zero marks.

() Remove the cover from the Multimeter if it is
not already off.

( ) Plug in the Multimeter.

( ) Push the POWER switch on (in) and allow a
warm-up period of 30 minutes. Also read the
operation information on Pictorial 11-1 in the
“Illustration Booklet”” on Page 6.

() Plug the test leads into the front panel sockets
(red lead to + socket; black lead to — socket).

Refer to Pictorial 9-2 (Illustration Booklet, Page 5) for
the following steps.

() Setthe three circuit board controls to their cen-
ters of rotation (slots vertical to the circuit
board).

DC CALIBRATION

() Push the DC/Q) switch in. (The AC and QLV
switches should be out).

() Connect the black test lead alligator clip to the
red test lead probe tip.

( ) Rotate the RANGE switch to the 0.1 VOLTS
position.

( ) Using a 1/8" screwdriver, carefully adjust the

ZERO control for a minimum (“null”) reading
at zero.

() Rotate the RANGE switch to the 0.3 VOLT
range. -

() Adjustthe DCvoltage standard to 0.3162 volts.

() Connect the DC voltage standard to the Mul-
timeter inputs.

() Adjust the 0.3 CAL control (R149) for a full-
scale indication (1.0 on the 1.0 scale) on the
Multimeter.

() Adjust the DC standard to 0.100 volts.
( ) Rotate the RANGE switch to the 0.1 VOLT

range.

( ) Adjust the 0.1 CAL control (R146) for a full-
scale indication (1.0 on the 1.0 scale) on the
Multimeter.

( ) Disconnect the DC standard from the Multime-
ter.

AC CALIBRATION

( ) Turn the RANGE switch to the 0.1 VOLT posi-
tion.

() Push the AC switch (in).

NOTE: With the AC switch in, both the DC+ and the
DC- indicators are lighted.
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{ ) Usea 1/8" screwdriver and turn the “AC CAL”

control (R151) fully counterclockwise.

NOTE: In areas where there is significant radiation
from 60 Hz power lines, fluorescent lights, etc., the
pointer may oscillate when you measure AC voltages
near 60 Hz. Using a frequency near 80 Hz will im-
prove the measurement readability.

( ) Adjustthe AC voltage standard for an output of

0.100 volts rms at a frequency near 80 Hz.

Connect the output of the AC voltage standard
to the Multimeter inputs.

Adjust the “AC CAL” control for a full-scale
indication (1.0 on the 1.0 scale) on the Multime-
ter.

Turn the RANGE switch to the 1.0 VOLT posi-
tion.

Adjust the AC voltage standard to produce
exactly a full-scale indication on the Multime-
ter.

Adjust the AC voltage standard frequency to
100 kHz.

Use an alignment tool or a 1/8" blade screw-
driver and adjust the “FREQ COMP” trimmer
capacitor (C103) for a full-scale indication.

Adjust the AC standard frequency near 80 Hz.

Turn the RANGE switch to the 10 VOLT posi-
tion.

Adjust the AC voltage standard for exactly a
full-scale indication on the Multimeter.

Adjust the AC standard frequency to 100 kHz.

Observe the difference in meter indication from
full scale. Readjust the FREQ COMP trimmer
capacitor for a meter indication halfway be-
tween the full scale and the present reading.

NOTE: The above procedure should equally divide
the frequency error between the 1 VOLT and the 10
VOLT ranges.

( ) Disconnect the Multimeter from the AC stan-
dard.

This completes the “Precision Calibration” of your
Multimeter.

Proceed to “Ohms Check.”

OHMS CHECK

Use the following steps to check the OHMS scale on
your Multimeter. If at any time you do not obtain the
results called for in a step, refer to the “In Case of
Difficulty” section on Page 59 to correct the problem.

Refer to Pictorials 9-1 and 9-2 (Illustration Booklet,
Page 5) for the following steps.

NOTE: Instructions for reading the OHMS scale are
given on Page 53. If you do not know how to make a
resistance measurement, refer to ‘‘Resistance Mea-
surements” on Page 54 before you proceed with this
adjustment. All meter indications should be within
the accuracy specifications of the instrument.

()
()

Plug the red test lead into the red *“+" socket.

Push the DC/) switch in.

()

(

Rotate the RANGE switch to the 1000 mA posi-
tion.

Readjust the front panel ZERO control, if re-
quired.

) Turn the RANGE switch to the Q x 1 position.
The needle should deflect upscale.

) Adjust the Q2 ADJUST control for a full-scale (o=,
infinity) indication.

] Rotate the RANGE switch from the {} x 1 posi-
tion through the Q x 1M position. The pointer
should remain at “o.”
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Turn the RANGE switch to the Q x 10k posi-
tion.

Carefully touch the test probe tip to SW101C
pin 1 (nearest the edge of the circuit board).

You should obtain the following meter indications at

the indicated RANGE switch positions.

RANGE SWITCH METER
POSITION INDICATION
Q2 x 10k 1
0 x 1k 10
Q x 100 100
0 x10 1k

(
(

)
)

Disconnect the test probe tip and press the QLV
pushbutton.

Readjust the ) ADJUST for a full-scale (=, infin-
ity) indication.

Turn the RANGE switch from the Q x 1 through

the Q x 1M positions. The pointer should re-
main at “«.”

Turn the RANGE switch to the @ x 10 k posi-
tion.

Repeat the measurements of the previous steps
at SW101C lug 1.

Push the POWER switch to off (out).
Disconnect the test lead.

Disconnect the line cord from the AC outlet.

This completes the “Ohms Check.” Proceed to *‘Final
Assembly.”
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FINAL ASSEMBLY

Refer to Pictorial 10-1 (Illustration Booklet, Page 5) for
the following steps.

Refer to Detail 10-1A and install the handle on the
cabinet top as follows:

(

)

Insert a6-32 x 1/2" phillips head screw in one of
the handle clips, in the hole at one end of the
handle, and one of the holes in the cabinet top.
Be sure the textured side of the handle is up.

Loosely secure the screw with a #6 lockwasher
and a 6-32 nut,

In the same manner, install the other handle
clip at the other hole in the handle and cabinet
top.

Position the handle clips so they are aligned
with each other, from front to rear and from side
to side. Then tighten the handle hardware.

Fit the front edge of the cabinet top into the
groove in the trim bar. Secure the rear of the
cabinet top to the rear of the cabinet bottom
with two #6 x 3/8" black sheet metal screws.

Install a cabinet side (textured side out) on one
side of the cabinet top and cabinet bottom with
four #6 x 3/8” black sheet metal screws. Do not
tighten any of the screws until all four have
been installed.

6-32 ¥ 1/2"
PHILLIPS
HEAD

} SCREW

s

TEXTURED HANDLE CLIP
S| DE

6
LOCKWASHER

7t

@ 6-32 NUT

Detail 10-1A

( ) In the same manner, install the other cabinet
side.

This completes the assembly of your Multimeter.
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OPERATION

Refer to Pictorial 11-1 (Illustration Booklet, Page 6) for
a description of the control and input functions.

DUTY CYCLE

Since the power consumption of the Multimeter is
very low, you may wish to leave the instrument on
continuously during the daily work period. Always
allow a 30 minute warm-up period from a cold start to
insure best accuracy. However, the Multimeter will
provide serviceable accuracy at turn-on.

SAFETY PRECAUTIONS

You may often use your Multimeter to check, main-
tain, and repair electronic equipment which contains
DANGEROUSLY HIGH VOLTAGES. Because of this
danger, you should always observe the safety proce-
dures listed below.

1. Always handle the test probe by the insulated
housing only. Be careful not to touch the ex-
posed tip.

2. When you measure high voltages, turn off the
power to the equipment to be tested before you
connect the test leads. If this is not possible, be
very careful toavoid accidental contact with any
object that could provide a ground return (cir-
cuit completion) path.

3. If it is at all possible, use only one hand when
you test energized equipment. Keep one hand in
your pocket or behind your back to minimize the
possibility of accidental shock.

4. If possible, insulate yourself from ground while
making measurements. Stand on a properly in-
sulated floor or floor covering.

5. Before you connect the test leads for a resistance
measurement, turn off the power to the equip-
ment to be tested, and discharge any capacitors
which may have stored a charge.

EXTERNAL INTERFERENCE

Stray AC and RF (radio frequency) fields that affect
measurements, can usually be reduced or eliminated
by one of the following:

A. Usetwisted and as short as possible input leads.

B. Use inner-wire shielded cable for input leads.
Connect the shield to the rear panel (earth)
ground screw.

C. For voltage measurements, a 10 k) to 1 M(Q)
resistor can be connected across the input ter-
minals. However, this may tend to load high
impedance circuits.

READING THE METER

This section of the Manual will familiarize you with

the meter scales. Instructions are given for reading
each scale.

AC or DC Voltage Readings

NOTE: The numbers in the “Volts” bracket on the
Range switch refer to the full-scale voltages of the
Multimeter.

.1 VOLT RANGE — Read the 0-to-1 scale and move
the decimal point one place to the left. For example, a
reading of .7 on this range would indicate a measure-
ment of .07 volts, as shown in Pictorial 11-2.

0.1 VOLT RANGE INDICATING 0.07V
PICTORIAL 11-2

.3 VOLTAGE RANGE — Read the 0-to-3 scale and
move the decimal point one place to the left. For
example, a reading of 2 would indicate a measure-
ment of .2 volts.
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1 VOLT RANGE — Read the 0-to-1 scale directly. For
example, a reading of .5 would indicate a measure-
ment of .5 volts.

3 VOLT RANGE — Read the 0-to-3 scale directly. For
example, a reading of 2 would indicate a measure-
ment of 2 volts,

10 VOLT RANGE — Read the 0-to-1 scale and move
the decimal point one place to the right. For example,
a reading of .8 would indicate a measurement of 8
volts.

30 VOLT RANGE — Read the 0-to-3 scale and move
the decimal point one place to the right. For example,
a reading of 2 would indicate a measurement of 20
volts.

100 VOLT RANGE — Read the 0-to-1 scale and move
the decimal point two places to the right. For exam-
ple, a reading of .6 would indicate a measurement of
60 volts.

300 VOLT RANGE — Read the 0-to-3 scale and move
the decimal point two places to the right. For exam-
ple, a reading of 2 would indicate a measurement of
200 volts.

1000 VOLT RANGE — Read the 0-to-1 scale and move
the decimal point three places to the right. For exam-
ple, a reading of .8 would indicate a measurement of
800 volts.

Current Readings

NOTE: The numbers in the “mA” bracket on the
Range switch refer to the full-scale currents of the
Multimeter.

.01 mA RANGE — Read the 0-to-1 scale and move the
decimal point two places to the left. For example, a
reading of .7 on this range would indicate a measure-
ment of .007 mA (7.0 wA) as shown in Pictorial 11-3.

0.01 mA RANGE INDICATING 0.007 mA
PICTORIAL 11-3

.1 mA RANGE — Read the 0-to-1 scale and move the
decimal point one place to the left. For example, a
reading of .6 would indicate a measurement of .06 mA
(60 wA).

1 mA RANGE — Read the 0-to-1 scale directly. For
example, a reading of .8 would indicate a measure-
ment of .8 mA.

10 mA RANGE — Read the 0-to-1 scale and move the
decimal point one place to the right. For example, a
reading of .5 would indicate a measurement of 5 mA.

100 mA RANGE — Read the 0-to-1 scale and move the
decimal point two places to the right. For example, a
reading of .9 would indicate a measurement of 90 mA.

1000 mA RANGE — Read the 0-to-1 scale and move
the decimal point three places to the right, For exam-

ple, a reading of .5 would indicate a measurement of
500 mA.

Resistance Readings

NOTE: The numbers in the “{)"" bracket on the
RANGE switch are multipliers for the OHMS scale of
the Multimeter.

(1 x 1 RANGE — Read the OHMS scale directly. For
example, a reading of 20 would indicate a measure-
ment of 20 ), as shown in Pictorial 11-4.

Q <N Vil ’;"‘ >
® a® 0 -10-6-4-2[ 0 | o

Q x1 RANGE INDICATING 20Q
PICTORIAL 11-4

{1 x 10 RANGE — Read the OHMS scale and multiply
by 10. For example, a reading of 30 would indicate a
measurement of 300 ().

) x 100 RANGE — Read the OHMS scale and multi-
ply by 100. For example, a reading of 10 would indi-
cate a measurement of 1000 Q or 1 k().
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) x 1k RANGE — Read the OHMS scale and multiply
by 1000. For example, a reading of 30 would indicate
a measurement of 30,000 2, or 30 k().

Q0 x 100 k RANGE — Read the OHMS scale and
multiply by 100,000. For example, a reading of 20
would indicate a measurement of 2,000,000 Q, or 2
M.

0 x 1 M RANGE — Read the OHMS scale and multi-
ply by 1,000,000. For example, a reading of 10 would
indicate a measurement of 10,000,000 (, or 10 MQ.

MAKING MEASUREMENTS
DC Voltage Measurements

The voltage ranges on your Multimeter provide easy
reading and convenient measuring. The low ranges
(0.1 to 30) cover most measurements in transistor
circuits. The higher ranges (100 to 1000) cover most
measurements in tube-type, transformer-operated
equipment. The 10 M input resistance virtually
eliminates measurement loading on high impedance
circuits. When the Multimeter is used with the Heath
High Voltage Probe assembly for 10 M(} input resis-
tance meters, voltages up to 30,000 volts can be mea-
sured for servicing or adjusting television or oscillos-
cope anode circuitry.

WARNING: Be careful when you make measure-
ments of 20 volts or more. If you do not know the
value of the voltage, assume that it is dangerous.
Also, when you make “floating” (differential) mea-
surements where both test leads are connected to
voltages above earth (power line) ground; never
connect the “—" test lead to a voltage greater than
700 VDC (500 VAC) above earth ground.

To measure DC voltage, depress the DC/Q) pushbut-
ton. Connect the black test lead from the *“—"* socket of
the Multimeter to the common, or ground, side of the
voltage to be measured. Connect the red test lead to
the “+" socket.
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If you know the approximate value of the voltage to be
measured, set the Range switch to the next higher
voltage range. If you do not know the approximate
value, set the Range switch to the 1000-volt position.
Then, with the red test probe, touch the point in the
circuit where the voltage is to be measured. If the
pointer moves less than 1/3 of full scale, switch to the
next lower range (several times if necessary).

The “auto-polarity” function of the Multimeter al-
ways indicates the proper polarity of the voltage
being measured as indicated by the DC+ and DC—
LED indicators. If the DC+ LED indicator is lighted,
the voltage at + input socket is positive with respect
to the voltage connected to the — input jack. Con-
versely, if the DC— indicator is lighted, the voltage at
the input is negative.

For low level inputs, both the DC+ and DC- indi-
cators will be lighted. As the input increases to above
5% of full scale, one lamp will be bright and the other
will be very dim or off.

Resistance Measurements

WARNING: Before you connect the meter leads to
make a resistance measurement, remove the operat-
ing power to the equipment to be tested and dis-
charge any capacitors which may have stored a
charge.

Resistance measurements can be made as described
in the following paragraphs.

1.  ZerotheMultimeter on one of the current ranges
for the most accurate zeroing.

2.  If you know the approximate value of the resis-
tance, set the Range switch so the meter will
indicate as near midscale as possible. If you do
not know the approximate value, turn the Range
switch to the 0 x 1 range; then, if the meter
indicates near full scale, turn the Range switch
to a higher (X10, X100, etc.) range.
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3. The two “‘ohms” pushbuttons (DC/€);QILV) have
the following characteristics:

QLV — This pushbutton activates a low voltage
measuring circuit. It is especially useful for resistance
measurements in semiconductor (diodes, transistors,
etc.) circuits, but it can also be used for other resis-
tance measurements. If you are measuring resistance
in a semiconductor circuit, and do not want any
semiconductors to conduct and affect the resistance
reading, press this pushbutton.

DC/Q — This pushbutton activates a measuring cir-
cuit with a test voltage large enough to “turn on” a
semiconductor. When you want to check a device that
has a different resistance in each direction, such as a
diode:; make the measurement, then reverse the test
lead connections. The polarity of the test voltage is
positive at the “+’’ socket as shown by the DC+ indi-
cator being lighted.

CAUTION: You can use your Multimeter to check the
forward and reverse resistance of low-power diodes
and transistors, but make sure you use the (! X 10
range or higher only. The {1 X 1 range may cause
excessive forward conduction and result in junction
breakdown.

4,  Press one of the ohms ({}) pushbuttons.

5. Be sure the test lead ends are not touching; then
adjust the Q ADJUST control until the meter
pointer is exactly over the full-scale (=) indica-
tion.

When you change from QLV to DC/(Q, or vice
versa, readjust the ) ADJUST control for a full-
scale () indication on the meter.

6. Connect the black test lead to one side of the
resistance to be measured. Then touch the other
side with the red test probe and read the resis-
tance on the OHMS scale. Be sure to multiply
the reading by the proper factor as shown on the
RANGE switch.

NOTE: For very low resistance measurements on the
Q x 1 scale, it may be necessary to take the resistance
of the test leads into account. First make sure the
meter is carefully zeroed on one of the current ranges.
Then switch back to the {} X 1 scale and adjust the ()
ADJUST control to © with the test lead ends apart.

Now touch the test leads together; the meter will
indicate the resistance of the test leads and any
internal resistance of the Multimeter (fuse, contacts,
etc.). Subtract this reading from all subsequent read-
ings.

AC Voltage Measurements

WARNING: Be CAUTIOUS when you make mea-
surements of 20 volts or more. If you do not know the
value of the voltage, assume that it is dangerous.

CAUTION: When you make AC measurements in cir-
cuits with a DCvoltage in excess of 500 volts, DONOT
attempt to measure any point where the instantane-
ous voltage (peak AC + DC) may exceed 1400 volts.
Also, when you make “floating” (differential) mea-
surements where both test leads are connected to
voltages above earth (power line) ground; never con-
nect the “—" test lead to a voltage greater than 500
VAC (700 volts PEAK) above earth ground.

To measure AC voltages, connect the black test lead
between the “—"' socket and the common, or ground,
side of the voltage to be measured. Connect the red
test lead to the “+" socket. After you zero the Mul-
timeter on a DC current range, press the AC pushbut-
ton. NOTE: With the AC pushbutton in, both the DC+
and DC- indicators are lighted.

If you know the approximate value of the voltage to be
measured, set the RANGE switch to the next higher
voltage range. If you do not know the approximate
value, set the RANGE switch to the 1000-volt posi-
tion. Then with the red test probe, touch the point in
the circuit where the voltage is to be measured. If the
indicator moves less than 1/3 of full scale, switch to
the lower ranges.

NOTE: The measurement circuitry of the Multimeter
is isolated from earth ground to allow ‘‘floating’” mea-
surements. In some cases where AC voltages refer-
enced to earth ground are being measured, it may be
desirable to connect the ““—" socket to earth ground
also. The knurled nut on the rear panel of the Mul-
timeter is provided for this purpose. If you have any
questions about the accuracy of these measurements,
momentarily connect a wire between the “—" socket
and this earth (chassis) ground point to determine if
this has an effect on your measurement. Be sure to
remove this connection after you complete your mea-
surements.
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AC VOLTAGE INTERPRETATION

Your Meter can measure almost any type of AC vol-
tage. Filament voltage, power line voltage, noise vol-
tage, or even output or gain measurements can be
made quickly and accurately. It is important, how-
ever, to understand how the various types of input
waveforms affect the readings and how to interpret
these readings for greatest accuracy. For this reason,
the following information is presented.

When a DC voltage is applied to a resistor, it produces
ameasurable temperature increase. If an AC voltage is
applied to the same resistor and produces the same
temperature increase, then the AC voltage must be
producing the same amount of power. Since this
power produced by the AC voltage is averaged over a
period of time, it is called ‘“‘mean’’ (or average) power.
The AC voltage that produces this power is propor-
tional to the square root of the mean power, and is
called the rms (root-mean-square) voltage. AC meters
are usually calibrated in rms voltage. For a sine wave
(see Pictorial 11-5A), the most common AC voltage
waveform, the rms value of each half cycle is .707
times the peak of the waveform.

GSOUARE WAVE
Jj— __________ —PEAK AND RMS
v

PICTORIAL 11-5

The following relationships exist for sine wave AC
voltages:

rms voltage = peak voltage x 0.707

Peak voltage = rms X 1.414

Peak-to-Peak voltage = rms X 2.828

rms voltage = peak-to-peak voltage x 0.3535

If the input voltage to your Multimeter is an AC sine
wave, both the positive and negative portions of the
signal will deflect the meter needle upscale.* Since
the meter movement has mechanical inertia, it “‘aver-
ages'’ the current pulses and causes the meter needle
to indicate this average value. Therefore, the scales
are designed to indicate the rms value of a sine wave
while the meter itself is actually responding to the
average value of each portion of the waveform.

If a nonsinusoidal (not a sine wave) waveform such as
a square wave, sawtooth wave, or pulse is being mea-
sured, the indicated reading on the scale must be
given some special interpretation. For example, the
complex waveform shown in Pictorial 11-5B contains
a “spike” (peak) that may be several times as large as
the average value of the waveform. Since the spike is
of such short duration, the average value of the overall
waveform is barely affected. On the other hand, the
symmetrical square wave (a square wave having posi-
tive and negative portions of equal amplitude and
time duration) shown in Pictorial 11-5C would indi-
cate an rms value higher than its peak value. On your
Multimeter, a symmetrical square wave having a
1.0-volt peak would indicate 1.10 volts.

Remember: Examine any nonsinusoidal waveform,
with an oscilloscope or a true rms meter if you want a
highly accurate measurement.

* See the Basic Meter Circuit portion of the ““Circuit
Description.”
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Meter Loading

When you connect your Multimeter to a circuit, its
input resistance and input capacitance are, in effect,
placed in parallel with those parts of the circuit lo-
cated between the test leads. In some cases, this can
load the circuit under test and change the value of the
voltage being measured.

The amount of loading presented by the input resis-
tance of your Multimeter is primarily determined by
the impedance of the circuit under test. Little error
will be introduced through loading into any circuit
with an impedance of 1 MQ or less.

The amount of loading presented by the input capaci-
tance of your Multimeter is primarily determined by
the frequency of the signal under test. In low fre-
quency circuits, you can usually disregard the effects
of capacitive loading. In high frequency circuits,
however, the effects of capacitive loading may con-
siderably alter the voltage at the point of measure-
ment.

Decibel Measurements
The dB scale can be used to:

® Examine gain versus control voltage in avc
(automatic volume control) circuits.

® Measure the signal reduction in T-pad,
L-pad, or other attenuator circuits.

® Measure the effect of bass or treble controls
in audio circuits versus the frequency or
setting.

® Examine pass-band, stop-band, and at-
tenuator of filter networks.

® Verify the flatness of response of signal
generators.

® Check the flatness of the frequency response
of audio amplifiers.

Current Measurements

CAUTION: Make sure you make all current measure-
ments by connecting the test leads in series with the
current to be measured. Be sure the circuit is turned
off before you connect the leads. Also, when you
make current measurements in circuits above earth
(power line) ground, never connect the Multimeter
into circuits that have a voltage greater than 700 VDC
(500 VAQ).

To measure current, connect the black test lead be-
tween the“—"" socket and the negative side of the
circuit to be measured. Connect the red test lead be-
tween the “+" socket and the positive side of the
circuit to be measured.

If you know the approximate value of the current tobe
measured, set the RANGE switch to the next higher
current range. If you do not know the value of the
current to be measured, set the RANGE switch to the
1000 mA range.

To measure DC currents, depress the DC/{) pushbut-
ton. The “‘auto-polarity” function of the Multimeter
always indicates the proper polarity of the current
being measured as indicated by the DC+ and DC—
LED indicators. If the DC+ indicator is lighted, the
current into the “+" input socket is positive. Con-
versely, if the DC— indicator is lighted, the current
into the “+"" socket input is negative.

For low level inputs, both the DC+ and DC— indi-
cators will be lighted. As the input increases to above
5% of full scale, one lamp will be bright and the other
will be very dim or off.

To measure AC current, depress the AC pushbutton.
Turn the circuit on. If the pointer moves to less than
1/3 of full scale, switch to the next lower range.

NOTE: Use the highest possible range that produces
the resolution you require since this inserts the small-
est amount of resistance into the circuit to be mea-
sured.
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MAINTENANCE

This section of the Manual will provide you with the
information necessary to keep your Multimeter in
peak operating condition. As with any precision in-
strument, periodic inspections and prompt attention
tosmall problems will often prevent larger problems.

TEST LEADS

Check the test leads regularly. Because of their con-
stant flexing during use, the test leads may break.
Broken test leads are potentially dangerous and may
cause the Multimeter to stop functioning or cause
erratic indication.

ELECTROSTATIC CHARGE

The clear plastic meter window is treated to resist the
accumulation of a static charge. However, if a static
charge accumulates through repeated rubbing of the
meter window, the pointer will deflect in an erratic
manner on all range settings. To correct this condi-
tion, apply a small quantity of liquid dishwashing
detergent to a soft cloth and wipe the meter window.
DO NOT remove the meter window to clean it.

METER MOVEMENT

Because of the delicate nature of the meter movement,
you should never attempt to repair the meter. Any
such attempt will automatically void the standard
warranty coverage of the Multimeter.

METER COIL

CAUTION: Never check the continuity of the meter
coil directly with another ohmmeter. The amount of
current that would be drawn would seriously over-
load the coil and probably ruin it. Always use a limit-
ing resistor with a value of at least 50,000 () in series
with the other ohmmeter’s test lead. The actual value
of the resistor will depend on the other ohmmeter’s
battery voltage and the setting of its range switch.

FUSE

The circuit protection fuse (F101) may be replaced
with a 2-ampere, quick-blow, 3AG instrument-type
fuse.
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IN CASE OF DIFFICULTY

TROUBLESHOOTING INFORMATION

GENERAL

This “‘General” section is divided into several parts.
The “Repair Precautions,” point out the care that you
should use when you service the Multimeter to pre-
vent damage to components. It also calls out specific
methods to locate problems that could occur.

The ‘“‘Components’” paragraphs explain the
procedure you should follow to replace a faulty com-
ponent.

The “Foil Repair’’ paragraph tells you how torepaira
broken foil on the circuit board.

The five remaining parts of the *“In Case of Difficulty”
section (listed below) contain tests and troubleshoot-
ing charts to help you identify specific problems. The
tests and charts list the conditions or components that
could cause each problem.

Each of these sections cover one of the five major
meter circuits. You should proceed through each sec-
tion in the following sequence. It is necessary that the
basic meter circuit perform properly before you pro-
ceed to the DC voltmeter circuit, etc.

Basic Meter Tests.

DC Voltmeter Circuit

AC Voltmeter Circuit

Ohmmeter Tests

DC and AC Milliammeter Circuit

In an extreme case where you are unable to resolve a
difficulty, refer to the ‘“Customer Service” informa-
tion inside the rear cover of the Manual. Your War-
ranty is located inside the front cover.

REPAIR PRECAUTIONS

Before you proceed, review the “Assembly Check
List” on Page 30. Most problems are caused by the
assembly errors listed in these checks. A review of the
“Circuit Description” on Page 84 may also help you
locate a problem. Refer to the “Circuit Board X-Ray
View” (Illustration Booklet, Page 13) and the
Schematic to locate circuit components.

WARNING: When the line cord is connected to an AC
outlet, hazardous voltages are present at several
places. See Pictorial 9-2 (Illustration Booklet, Page 5).

CAUTION: If you ever remove the circuit board from
the chassis, be sure you cover the transformer and the
fuse wiring with a cloth; or be very careful to keep the
chassis and circuit board assemblies separated. This
will keep you from accidentally causing a short cir-
cuit if you plug the Multimeter in for testing.
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Observe the following precautions while you trou-
bleshoot or repair your Mulitmeter:

1.  Before you remove the cabinet from your Mul-
timeter disconnect the line cord and make sure
the POWER switch is off (out).

2. Make sure you do not short any adjacent ter-
minals or foils when you make tests or voltage
measurements. If a probe or test lead slips, for
example, and shorts together two adjacent con-
nections, it is very likely to damage one or more
of the transistors, diodes, or IC’s.

3. Be especially careful when you test any circuit
that contains an IC or a transistor. Although
these components have an almost unlimited life
when used properly, they are much more vul-
nerable to damage from excess voltage and cur-
rent than many other parts.

4. Do not remove any components while the Mul-
timeter is turned on.

5. When you make repairs to the Multimeter, make
sure you eliminate the cause as well as the effect
of the trouble. If, for example, you find a dam-
aged resistor, be sure you find out what dam-
aged the resistor. If the cause is not eliminated,
the replacement resistor may also become dam-
aged when you put the Multimeter back into
operation.

6. In several areas of the circuit boards, the foil
patterns are quite narrow. When you unsolder a
part to check or replace it, avoid excessive heat
while you remove the part. A suction-type de-
soldering tool makes part removal easier.

COMPONENTS

To remove faulty resistors or capacitors, first clip
them from their leads; then heat the solder on the foil
and allow each lead to fall out of its hole. Preshape the
leads of the replacement part and insert them into the
holes in the circuit board. Solder the leads to the foil
and cut off the excess lead lengths.

You can remove transistors in the same manner as
resistors and capacitors. Make sure you install the
replacement transistor with its leads in the proper
holes. Then solder the leads quickly to avoid heat
damage. Cut off the excess lead lengths.

FOIL REPAIR

To repair a break in a circuit board foil, bridge solder
across the break. Bridge large gaps in the foil with
bare wire. Lay the wire across the gap and solder each
end to the foil. Carefully trim off any excess bare wire.
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BASIC METER TESTS

The first portion of the “Basic Meter Tests” (*‘Pre-
liminary Checks”) is a visual check of the basic
measuring circuit for proper operation. No test in-
struments are required. Perform this check first to
verify the operation of this circuit.

The second portion of the ‘“Basic Meter Tests”
(“Troubleshooting Chart”) requires a DC voltmeter
and contains a sequential series of tests which will
locate problems in the basic measuring circuit.

The FET Multimeter is fundamentally a DC voltmeter
with a full-scale sensitivity of either 0.1 VDC or
0.3162 VDC, This circuitry is used in each function

(except the high voltage ohmmeter function where
the sensitivity is changed to approximately 1.5 VDC)
and the input switch circuitry controls the area where
this “basic meter” measures. Consequently, you
should first perform the “Preliminary Checks.”

If you obtain the required operation in each of the
following steps, the basic meter portion of your Mul-
timeter is working properly. Proceed to the “DC
Voltmeter” section on Page 70 which identifies other
problems in the switch, wiring, and related circuitry.
If you encounter any problems in these steps, proceed
to the “Troubleshooting Chart,” which locates prob-
lems in the basic meter.

Preliminary Checks

( ) Disconnect the orange wire solder lug from the
“+" meter bolt. Wrap a piece of tape around the
solder lug.

( ) Plugthered test lead into the *—" (black) sock-
et.

( ) Plug the black test lead into the back of the red
test lead plug.

( ) Push the DC/Q) switch in; the AC and QLV
switches should be out.

() Rotate the RANGE switch to the 1 VOLT posi-
tion.

( ) Plug the line cord into an AC outlet.

() Clip theblack test lead alligator clip to the base
(B) of Q108.

( ) Pushthe POWER switch in (ON). Both the DC+
and DC— LED’s should be lighted.

() Carefully touch the test probe tip to the collec-
tor (C) lead of Q107. The DC— LED should go
out.

( ) Momentarily disconnect the line cord from the

AC outlet and move the black test lead alligator
clip to the emitter of Q105. Reconnect the line
cord.

( ) Rotate the front panel ZERO control fully coun-

terclockwise. Only the DC— LED should be
lighted.

( ) Rotate the ZERO control clockwise. At some

point, the DC+ LED should start to glow and
then light. Additional rotation should cause the
DC—- LED to become dim and then go off.

( ) Rotate the ZERO control to the center of the

range where both the DC+ and DC— LED’s are
equally lighted.

( ) Carefullytouchthe solder lug removed from the

meter to its meter terminal. The meter indica-
tion should be near zero. If so, momentarily
disconnect the line cord from the AC outlet and
reconnect the solder lug to the meter. Then re-
connect the line cord.
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( ) Slowly rotate the ZERO control clockwise. The
meter needle should smoothly increase upward
to about 0.3 on the 1.0 scale, the DC+ LED
should be lit, and the DC— LED should be off.

( ) Slowly rotate the ZERO control fully coun-
terclockwise. The meter indication should drop
to zero, then increase back to about 0.3 while
the DC+ LED turns off and the DC— LED lights.

( ) Rotate the 8 ADJUST control back and forth. It
should not affect the meter reading.

( ) Vary the AC CAL control from fully clockwise
to fully counterclockwise. It should not affect
the meter indication.

( ) Vary the positions of the 0.1 CAL and 0.3 CAL
controls. They both should affect the meter in-
dication.

( ) Recenter the 0.1 CAL, 0.3 CAL, and AC CAL
controls.

( ) Reset the ZERO control to zero (null).
( ) Disconnect the test leads.

( ) Rotate the RANGE switch to the 3 VOLT posi-
tion.

() Plugthered test lead into the “+" (red) socket.

( ) Carefully touch the test probe tip to the base (B)
of Q101. The meter should deflect to near cen-
terscale and the DC+ indicator should be
lighted. Remove the probe tip from Q101.

() Push the POWER switch to off (out).
{ ) Disconnect the test lead.

This completes the “Preliminary Checks.” If you did
not obtain all correct indications, proceed to the
“Troubleshooting Chart.” If you did obtain all the
correct indications, proceed to *‘DC Voltmeter Tests”
on Page 70.

Troubleshooting Chart

In the following steps, you will be instructed to
monitor certain voltages with a voltmeter. You may
also be instructed, in the ““Special Instructions” col-
umn, to open certain connections, or to apply short
circuits with the test leads. If at any point you do not
obtain the required voltage or voltage change, refer to
the “Possible Area of Difficulty” column which lists
possible faulty circuits or components. Check the part
referred to. It may be open, shorted, “leak,” installed
backward, wrong value, etc. Perform the tests in
sequence from beginning to end since results in the
later portions may require operation of circuitry ver-
ified in the first parts of the test.

Whenever a particular part (Q103, R4, hole AF; for
example) is mentioned as a possible cause, inspect all
foils or jumper wires associated with that part care-
fully for open or short circuits.

Refer to the “Semiconductor Identification Chart’’ on
Page 89 for IC basing diagrams and transistor basing.

( ) Disconnect the orange wire solder lug from the
meter. Wrap a piece of tape around the solder
lug.

( ) Push the DC/Q switch in; the AC and QLV
switches should be out.

( ) Set the Q ADJUST control (R134) at center of
rotation.

( ) Rotate the RANGE switch to the 3 VOLT posi-
tion.

( ) Push the POWER switch to on (in).

( ) Plug the black test lead into the “—" (black)
socket; then plug the red test lead into the rear
of the black test lead plug.

( ) Connect the voltmeter common (ground) lead
to the “+” marked end of capacitor C113.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

WARNING: Unplug Multimeter
line cord before checking fuse.

Good fuse F1.

NP~

F1.

T1.

D105 through D106.
C1, G112, C113.
Improper wiring of SW5.
IC101, IC102.

Shortat Aor C, +14

or —15 volt points; or

in SW1 or SW5 wiring.

None

+14 VDC at collector (C)
of Q104.

o

So®mNG

Unit not plugged in.
SWS5 in wrong position.
Open wiring at line
cord, fuse F1, SW1 or
SW5.

F1i.

T1 wiring at lugs 1 or
4, or holes A, B, or C.
SW1 or SW5.

D105, D106.

C112.

IC101.

Q103, Q104.

None

~15 VDC at pin 4 of IC102.

“h -

D107, D108.
C113.
IC102.

None

+7.0 VDC at pin 7 of
1C103.

-l

IC101, IC102.

R121, R122, R123.
C122.

Short in circuitry
connected to +7.0
VDC supply.

Pin 7 not in socket or
open connection.

None

—7.0 VDC at pin 4 of
IC103.

SO b

IC102.

C114, C123.

Short in circuitry
connected to —7.0
VDC supply.

Pin 4 not in socket
or open connection.
Improper wiring to R4
(white-brown wire).

Connect the alligator
clip to the base (B)
of Q108.

—1.7 VDC at collector (C)
of Q108 and “DC+" indicator
lighted.

P W00

X

Q108.

LED 2 ("DC+").
R142.

Open wiring to LED 2
(orange) or (blue).
Open at holes L or S.
Short at hole L.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Connect the alligator clip
to the base (B) of Q108.

“DC+" indicator should
turn off.

Open at hole AH, open
test lead, or connection

Then touch red test probe tip at "—" socket.
to collector (C) of Q108.
Same as above. +1.7 VDC at collector (C) 1. Q107.
of Q107 and “"DC—" is 2. LED 1 ("DC-").
lighted. 3. R141.
4, OpenwiringtoLED 1
(yellow) or (black).
5. OpenatholesNorR
or long jumper wire.
6. Short at hole N.
Disconnect the alligator
clip.
Using a small-bladed “DC+" indicator turns off. 1. Q108.
screwdriver, carefully O — |, gt G S e S . e e e, S S
short the base (B) and Screwdriver blade 1. C124.
collector (C) leads of measures —0.6 VDC. 2. Improper wiring at hole
Q108. T (green) or SW4 lug 8.
3. Short at hole T.
4, SW4.
Using a small-bladed “DC—" indicator turns off. 1. Q107.
screwdriver, carefully
short the base (B) and
collector (C) leads of
Q107.
At the counterclockwise end, 1. 1C1083.
CAUTION: Do net allow the test only the DC— indicator 2. R4, R137, R138, or R139.
probe tip to also touch the metal should be on. At the clockwise 3. Open at holes, G, K, or
case of IC103. end, only the DC+ indicator V.
should be on. Leave the control 4, Open or improper
Caretully touch the red set to fully clockwise. wiring to Zero control
test probe tip between (white-orange, white-brown, or
pins 2 and 3 of IC103 white-red).
so that it touches both 5. ci21.
leads. Then rotate the 6. Pin 1, 5, 6, or 8 of
ZERO control from fully 1C103 not in socket
counterclockwise to or open connection.
fully clockwise. 7 Short at pins 1, 5, or

8 or IC103.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Connect the alligator Pin 6 of IC103 should 1. IC103.

clip to the center lug of measure more positive than 2, R139.

the {2 ADJUST control +4 VDC. 3. Open at the center lug

(R134) on the rear of of R134.

SW101.

Same as above. Voltage at cathode (banded) 1. D113, D114.
end of D114 should measure 2. Short at hole W.
approximately 1.1 VDC less
positive than at pin 6 of
1C103.

Same as above. Voltage at orange wire solder 1. Open at hole W.
lug (taped) should measure same 2, Open or improper
as above. wiring (orange).

AT Approximately 1/6 of the

voltage above should be
measured at: SW101 E
lug 2 and lug 10.

Anode (unbanded) end of
D112.

Brown wire solder lug of
meter.

SW4 lug 1 (red wire).

e e ]

LR N R N

¢ S S SN S S S e S

1. R144, R145, R146, R147.
2. Short in circuitry connected

to SW101 E pins 2 and 10.
3. SW101 not in 3 VOLT

position.

4, Open at SW101 D pins 8 or
9 (rear).

5. SW101 E.
C119.

1. D111, D112
2. Short at hole X.

fu S S S S S SN S

1. Open at hole X.

2. Open or improper
wiring (brown).

1. R151, R152.

2. Short or open at hole Y.

3 Open or improper

rotate ZERO control fully
counterclockwise.

wiring (red).
4, Sw4,
Same as above. Then Pin 6 of IC103 should 1. 1C103.

measure more negative
than —4.0 VDC.

Same as above.

Brown wire solder lug of
meter should measure about
1.1 volts less negative

than pin 6 of IC103.

1. D111, D112,
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Disconnect alligator
clip from lug of R134.
Reconnect it at emitter
(E) of Q105.

Approximately —0.05 VDC
is measured at:

Center lug of 2 ADJUST
control.

Pin 2 of IC103.

SW101 D pins 2 and 3.

1. R133, R134.

1. R134.
2. Pin 2 or 3 of IC103
not in socket or open

connection.

3. Short in R133 to R135
circuitry.

1. R135.

2. Open or short in
circuitry connected to
SW101 D pins 2 and 3.

meter.

3. SW101 D.
Leave alligator clip connected Meter reads upscale. i Meter M1.
to Q105. Reconnect Rotating ZERO control fully clockwise 2. IC103.
orange wire solder lug to causes meter indication 3. c121.

to go to zero smoothly and
then back upscale.

Disconnect alligator

+1.55 VDC at base (B)

1. R124, R125. NOTE: If

into “+" socket. Connect
alligator clip to base
(B) of Q101.

Remove F101. Push AC
switch in.

clip from Q105. Unplug of Q101. resistors are OK, remove

both test leads from Q101 and complete this

"—" socket. chart. Reinstall Q101
after last step.

Plug black test lead +1.55 VDC at:

Rear clip of F101.

Front clip of F101 with
fuse reinstalled.

N N S S I SN I S S S S e S SN S G S SN SN S S S — —

Front clip of F101 with DC/Q}
switch in and AC switch out.

SW4 lug 12.

SW101 B pin 3.

1. Open wiring at “+" socket
or hole AE; or short
at hole AE.

1. F101.

2. Short at SW101 A pins 2 and 22.
3. Short or improper

wiring at SW4 lugs 11 and 12.
4, SW101 A.

1. Short at hole AF or
SW101 B pins 2, 3,
and 4 circuitry.

1. Open at SW101 A pin 2 or lug 22.
2. SW101 A

1. Open or improper
wiring at SW4 lugs 11 or 12, or
hole AF; or SW101 B pin 3.

2. SW4.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Rotate RANGE switch to
0.3 VOLT position,
leaving black test
connected as before.
Disconnect blue wire at
SW101 C lug 14.

+1.55 VDC at SW101 B pin 3.

Short in one of the

following areas:

A SW101 B pin 12.

B. SW101 A pin 8 or 13, or
hole AG.

C. SW101 C pin 12 (front).

D. SW101 C pin 12, 14 or
20 (rear).

SW101 A, B, or C.

Same as above.

+1.55 VDC at SW101 C lug 14.

Open at one of the

following areas:

A SW101 B pin 12.

B. SW101 C pin 12, (rear).
SW101 Bor C.

Reconnect blue wire to
SW101 C lug 14. Leave the
RANGE switch and black
test lead as before.

+1.55 VDC at SW101 C lug 14
(rear).

Short or improper

wiring at SW3 lug 3 (blue).
SWa.

Open wiring to

SW101 C pin 14.

Same as above.

+1.51 VDC at hole J.

s W

o

Open, short, or
improper wiring at
SW3 lug 2 (brown).
R2.

ca.

Short, open or
Improper wiring at
hole J.

SWa3.

Same as above.

Meter should be “pegged”
at full scale.

bl ol

5.

IC103.

Meter M1.

R136.

Pin 3 of IC103 not in
socket or open
connection.

Q105, Q106.

Same as above.

+0.16 VDC at SW101 B
pins 5 and 6.

If greater than +0.16 VDC:

1.
2.

3.

€102, C103, C104,

Open in R105, R106, R107,
R116, R115, R117,

SW101 D pins 5 or 8 (front)
circuitry.

Short or improper

wiring at SW2 lug 4.

If less than +0.16 VDC:

1.
2,
3.

C105.
R105.
Short at SW101 B pins 1, 5, or 6.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Rotate RANGE switch to
3 VOLT position. Leave
the black test lead as
before.

+0.16 VDC at pin 3 of
1C103.

Open at SW101 B, pins 5 or
6; SW101 C lug 20 (rear);
or SW101 D lug 10 (front).
SW101 B, C, or D.

Same as above.

Meter should be reading
near center scale.

Open at SW101 D pin 12
(rear).
SW101 D.

Same as above.

0.3 CAL (R149) can
calibrate meter to 1.55 on
the 3 scale.

-

o h N

R143, R144, R148, R149,
R153.

C126.

Short at SW101 E pin 1.
SW101 E.

M1.

Rotate RANGE switch to
10 VOLT position.

Meter should be reading
between .1 and .2 on 1.0
scale. 0.1 CAL (R146) can
calibrate meter to 0.155
on the 1.0 scale.

ey

Open connection at
SW101 E pin 1.
C126.

R145, R146, R147.

Disconnect alligator clip

for Q101. Connect

alligator clip to rear of

“—" socket (shorting Multi-
meter input.) Rotate
RANGE switch to 0.1 VOLT
position.

Meter needle can be set to
zero using ZERO control.

Open connection in one

of the following areas:
SW101 A pins 2 or 22.
SW101 B pins 2 or 12.
SW101 C pin 12 (rear).
SW101 D pin 8 (front).
SW101 D pin 9 (rear).
. SW101 E pin 1 (front).
SW101 A, B, C, or D.

mmoom>

Same as above.

Meter needle should stay at
zero as RANGE switch is
rotated through 0.1 VOLT
to 1000 VOLT positions.

Open connection in one
of the following:
A. SW101 A pin 2 or lug 22.

&= ]

B
C.
D.
E
F.
G

SwWi101.

SW101 B pins 7, 8, 9, 10, or 11.
SW101 C lugs 14 or 20 (rear).
SW101 D pins 8 or 10 (front).
SW101 D pins 9 or 12 (rear).
SW101 E pins 1 or 2 (front).
SW101 E pin 1 (rear).

Reinstall Q101 if it
was removed
earlier.
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If you obtained the proper results in the preceding
tests, the basic meter circuit is now functioning
properly. This indicates that any problem
encountered in the troubleshooting charts has now
been corrected. However, if you have obtained the
proper results in the preceding tests, but are unable to
calibrate your Multimeter, the problem may be in the
wiring and circuitry of the Function or Range
switches. Problems in these (and related) areas may

be located in the remaining Troubleshooting sec-
tions.

NOTE: The following problems that can affect accu-
racy, linearity, or stability of the basic meter circuit
are not covered in this testing procedure.

1. Wrong value or defective resistors (R4, and
R137 through R142.).

2. Open capacitors (C114, C117 through C124,
and C126).

3. “Leaky” components (C114, C121, C124,
C126, Q105, and Q106).

4. Shorted or “leaky” diodes (D111 through
D114).

You may identify these problems by inspections,
ohmmeter measurement, or substituting parts.
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DC VOLTMETER CIRCUIT

The chart in this section locates problems of a general
nature in the circuitry and in the wiring of SW101. A
series of “Problems” is listed with “‘Possible Area of
Difficulty’ for that problem. The basic meter circuit
must operate properly before you perform these tests.
See the previous “Troubleshooting Charts.”

PROBLEM POSSIBLE AREA OF DIFFICULTY
DC Voltmeter is inoperative or reads 1. Open at holes AE, AF, AH, J, W, or X.
zero on any or all ranges. 2. F101.
3. Open or shorted wiring at “+" socket
SW101 A, SW101 B, SW101 C, SW3, or
Sw4.
4. R2.
5. c2.
DC Voltmeter reads properly on 0.1 and 1. R103 through R107, R115, R116, R117.
0.3 VOLT, ranges, but “pegs" at full 2. Open in SW101 D or E circuitry.
scale on higher ranges for inputs above 3. C102, C103, C104.
0.3 VDC.
DC Voltmeter reads properly on 0.1 and 1. C105, C106, C107, C109.
0.3 VOLT ranges, but reads low or zero 2 Wrong value at R103 through R107,
on higher ranges. R115, R116, or R117.
DC Voltmeter reads properly on 0.3, 3, 1. R146, R147.
30, and 300 ranges, but "pegs” at full 2. C126.
scale on 1" ranges. 3. Open or short in SW101 E circuitry.
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PROBLEM

POSSIBLE AREA OF DIFFICULTY

DC Voltmeter is inaccurate when
compared to precision standards:

At full scale readings only.

At low readings only.

At any reading.

1. Q105, Q106.
2, D111 through D114.
3. M1.
4. 1C103.
5. R139.
N NN SIS SIS SIS S N S S I S G S G S S e o
1. Improper adjustment of M1 mechanical
zeroing adjustment.
Improper adjustment of Zero
control (R4).
Q107, Q108.
LED1, LED2.
R141, R142.
1C103.
M1,

R103 through R107, R115 through
R117.

C2, C102 through C107, C109.
Improper adjustment of 0.1 CAL
(R1486), 0.3 CAL (R149) or Zero (R4).
+TP or —TP test points in error.

:-".‘“F"S-"':"‘S" N

n

DC Voltmeter reading is

erratic; reads AC voltages on DC
function, or is sensitive to nearby AC
or RF sources. (Shielded cable or
twisted and short input leads do

not help).

C1, C2, C117 through C123, C126.
IC103.

Q105, Q106.

Open or improper wiring at SW3,
hole D solder lug (brown), meter
shield solder lug (brown), or hole
H (black), or SW101 ground

at spacer CC (brown).

B Qi

Ferrite beads FB1 through FB5
cracked.

NOTE: Erratic meter indications due to RF and
AC fields can be reduced by making the input
leads as short as possible and twisting them.
See “External Interference” on Page 52.

DC Voltmeter has excessive zero drift.

IC103.

c2.

Q105, Q106.
R4, R137, R138.

pON =
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AC VOLTMETER CIRCUIT

This chart identifies ‘‘Problems’ and “Possible Area
of Difficulty” associated with AC Voltmeter opera-
tion. The basic meter and DC voltmeter circuitry must
be operating properly before you perform these tests.
See the previous “Troubleshooting Charts.”

PROBLEM POSSIBLE AREA OF DIFFICULTY
AC Voltmeter is inoperative (reads zero) 1. C108.
on 0.1 and 0.3 VOLT ranges. 2. Open or improper wiring at
SW3 lugs 2 or 3.
AC Voltmeter has high “zero” reading on 1. C101.
.1 and .3 VOLT ranges with test leads 2 Open or improper wiring at SW2 lugs 10 and
disconnected; or when using shielded 11; SW3 lugs 1 and 2; solder lug at hole
cable or twisted leads. D (brown) or solder lug at meter
shield (brown).
3. Sw2, SWa.
4. Poor connection of Power switch
shield.
AC Voitmeter responds to DC voltages. 1 C108.
2 Short or improper wiring at
SW4 lugs 11 and 12.
3. SW101 A.
DC+ and DC- indicators “flicker” or turn 1. Open or improper wiring at SW4 lugs 7 and
off when measuring AC. 8; or hole T (green).
2. Sw4.
AC Voltmeter cannot be calibrated on 0.1 1. R151, R152.
VOLT range at 80 Hz using precision stan- 2 Open or improper wiring at SW4 lugs 1, 2, or
dards. 7; hole F (red); or hole H (black).
3. Improper adjustment of 0.1 CAL (R146)
or 0.3 CAL (R149) controls.
4. C108.
5. D111 through D114.
AC Voltmeter is inaccurate (when com- 1. D111 through D114.
pared to precision standards) at low fre- 2. 1C103.
quencies (40 to 100 Hz) on 0.1 VOLT range 3. R139.
at low readings.
Frequency response is not flat:
———————ﬂ———_———_—I_—_—————-————————-
on 0.1 or 0.3 VOLT ranges at low 1. C108, C117 through C119.
frequencies.
on 0.1 or 0.3 VOLT ranges at high 1. C121, C122, C123, C126.
frequencies. 2. Q105, Q106.
3. 1C103.
4. D111 through D114.
Frequency response is not flat on 1. Improper adjustment of C103.
higher ranges. 2. C102 through C107, C109.
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OHMMETER TESTS

The tests in this section are divided into two parts. The chart in the “Operational Troubleshooting™ on
The “Voltage Tests'’ locate problems in the ohmmeter ~ Page 77 identifies ‘‘Problems’ and “Possible Area of
reference voltage source, SW101 and SW2 circuitry. Difficulty”” associated with chmmeter operation. The
A DC voltmeter is required. basic meter circuit, DC voltmeter, and AC voltmeter

must be operating properly before you perform the

following tests. See the previous “Troubleshooting
Charts.”

Voltage Tests

® Push the DC/(} switch in; the AC and QLV
switches should be out.

e SettheRangeswitchtothe3 VOLT position.

NOTE: If the base (B) voltage of Q101 measures within
10% of +1.55 VDC and the base (B) voltage of Q102
measures within 0.1 VDC of this voltage, proceed
directly to the test marked with a % on Page 74, and
proceed from that point.

SPECIAL INSTRUCTIONS TEST FOR POSSIBLE AREA OF DIFFICULTY

Plug black test lead into +15 VDC at collector (C) 1. R126, R127.

“—" socket. Connect alligator and emitter (E) of Q103 2. Q103.

clip to collector (C) of Q101. and base (B) of Q104. NOTE: If Q103 is defective. check fora
Base (B) of Q103 should '

short in one of the following areas:
measure 0.7 VDC less g

positive than emitter (E).

A. SW2 lugs 4, 5, or 6.
B. Hole P (gray).
C. Hole AA (white).
D. Hole Z (violet).
E. SW101 D pins 1 and 5 (front).
Same as above. Emitter {E) of Q104 should 1. Q104,
measure 0.7 VDC less
positive than base (B).
Same as above. Cathode (banded) end of 1. D109.
D109 should measure 0.6
VDC less positive than
emitter (E) of Q104.
Same as above. More than +10 VDC at 1. R131, R132.
base (B) of Q103. 2. Short or improper

wiring at SW2 lugs 2 or 5;
or hole P (gray).
3. Swa.
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SPECIAL INSTRUCTIONS TEST FOR POSSIBLE AREA OF DIFFICULTY
Same as above. Collector (C) and emitter 1. Q102.
(E) of Q102 should measure
0.7 VDC less positive than
base (B).
Disconnect the alligator +15 VDC at collector (C) of Q101 1. Q101
clip from Q101. Use long- and base (B) of Q102. 2. C115.
nose pliers (or a loose 3. R126.
alligator clip) and short
the base (B) to the
emitter (E) of Q101. Use
care not to short to the
collector (C) lead.
Same as above. Between +0.4 VDC and 1. Q102, Q103.
—0.4 VDC at base (B) See NOTE in “Possible
of Q102 and collector (C) Area of Difficulty” column
of Q103. of first “Test” in this Chart.
2. C116.
Same as above. More than +10 VDC at 1. R128.
collector (C) of Q102.
Disconnect short from Up to +0.9 VDC at 1. R129.
Q101. emitter (E) of Q101. 2 Q101.
None. +1.55 VDC =10% at base (B) 1. Q101, Q102, Q104.
of Q101 and base (B) of 2. R132.
Q102 within +0.1 VDC of this 3. C115, C116.
voltage.
None. & +1.55 VDC at SW101 D 1. Open or improper
pin 1 (front). wiring at hole P (gray):
SW2 lugs 5 or 6; hole Z (violet),
or SW101 D lug 1.
2. sSw2.
None. +1.3 VDC at cathode 1. D101 through D104.
{banded) end of D103. 2. R101.
None. Less than +0.5 VDC at 1. D103, D104.

cathode (banded) end
of D104.
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NOTE: In the next test, a short circuit to ground at with the POWER switch off (out). If you do not have
SW101 D pin 5 (front) may damage the ohmmeter an ohmmeter, press the POWER switch to off (out)
reference voltage source. If you have an ohmmeter, before performing the tests’ special instructions.
measure for a short circuit at SW101 D pin 5 (front) Then turn the power switch on; but be prepared to
with the range switch in the ) X 100 position and turn it off immediately if the voltage measurement is

ZEero.
SPECIAL INSTRUCTIONS TEST FOR POSSIBLE AREA OF DIFFICULTY
Rotate RANGE switch to (1 x +1.55 VDC at SW101 D 1. Open, short, or improper
100 position. Ignore any pin 5 (front). wiring at SW101 D.
meter reading until otherwise
instructed.
Same as above. Greater than 1.3 VDC 1. R117.
at SW101 C pin 7 (front). 2. Open or short at switch.
Same as above. Greater than +1.3 VDC 1. R118.
at hole AA. 2. Open, short, or improper
wiring at hole AA (white)
or SW2 lugs 4 or 5.
3. Swa.
Same as above. Greater than +1.4 VDC at 1. R115.
SW101 C pin 8 (front). 2. Open or short at switch.
Rotate the RANGE switch Greater than +1.4 at 1. Open at SW101 C.
to the ) x 1 position. SW101 C pin 12 (front). 2. Short in one of the
following areas:
A. SW101 C pin 12 or
lug 20 (rear).
B. SW101 B pin 12.
C. SW101 B pins 2, 8,
9, 10, or lug 13.
D. Hole AG.
E. D104.
Same as above. +1.55 VDC at cathode 1. R102.
(banded) end of D104. 2. D103.
Same as above. Meter reading above half 1. Open or improper
scale. wiring at SW101 C pin 12
(rear); SW101 D pin 1
(front); or hole AG.
2. R153.
Same as above. 0 VDC at SW101 D pins 2 or 3 1. SW101 D.
rear.
Same as above. Voltage at “+" marked end of 1 C125.
C125 is equal or greater 2. Short or improper
than +1.55 VDC. wiring at hole E;
SW101 D pins 9 or 12, or lug 22;
or hole F (white-black);
or SW7.
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SPECIAL INSTRUCTIONS

TEST FOR

POSSIBLE AREA OF DIFFICULTY

Same as above.

+1.55 VDC at hole J, and
meter pointer can be
adjusted to full scale
using 2 ADJUST control.

pury

R133, R134, R135, R153.
C117, C118, C119, C125.

Push {ILV switch in. RANGE
switch is still in the
Q x 1 position.

+1.55 VDC at hole AA.

Open or improper
wiring at SW2 lugs 4 or 5.
Swa.

Same as above.

0 VDC at SW101 D lug 20 (rear).

Open or improper

wiring at SW2 lugs 7 or 8,
or hole F (white-black),

or SW101 D.

Swa.

Same as above.

0.078 VDC at SW101 C pin 7 (front).

A -

R1, R117, R118.

Open or improper wiring

at SW2 lugs 1, 2, or 6; or hole
AA (white)

Adjust £2 ADJUST to position
needle at “=" mark. LV

switch is still pushed in. Then
rotate RANGE switch through
the ©2 x 1 to ! 1M positions.

Needle should remain at the
“eo" mark.

w

Needle drops:

Open, short, or improper

wiring in one of the

following areas:

SW101 A pins 8, 9, 10, or lug 13.
SW101 B pins 1, 2, or 12.
SW101 C pin 12 (front).

SW101 C pin 12 or lug 14 (rear).
SW101 D pins 1 or 5 (front).
SW101 E pin 1.

. SW2 pins 10 or 11.

D104.
ca2.
Q105, Q106.

omMmMoow>

Needle raises:

Open, short, or improper
wiring at SW101 D pins 2, 3,
or 8 (rear).

Rotate RANGE switch to (} X
100. Push DC/{1 switch in.
Connect black test lead to
collector (C) of Q101.

+2.1 VDC at cathode (banded)
end of D103.

D103.
R102.
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from "—" socket. Rotate the
RANGE switch to the 3 VOLT
position.

when black test lead plug
is touched to collector
(C) of Q108.

SPECIAL INSTRUCTIONS TEST FOR POSSIBLE AREA OF DIFFICULTY
Disconnect alligator clip Meter indication of 1. R102.

from Q101, and connect it approximately 2.6 (). 2 Q104.

to cathode (banded) end

of D104. Rotate RANGE

switch to £} x 1.

Unplug black test lead DC+ indicator should turn off 1. D104.

Disconnect the black test
lead. Plug the red test

lead into the “+" socket.
Rotate the RANGE switch to
the {1 x 1K position.

Adjust the meter needle to
the "=" mark using the

{1 ADJUST control. Then
touch the test probe tip to
SW101 C pin 1 (front).

Meter should indicate 10
on the OHMS scale.

1. R108 through R114
open or wrong value.
2. Short or open near
SW101 C pins 1 through 6.

If you have completed the Ohmmeter “Voltage Tests”
but the chmmeter still does not operate properly,
proceed to the ‘“Operational Troubleshooting™ chart

below.

Operational Troubleshooting

The following charts locate problems of a general
nature in the operation of the chmmeter circuitry. A
series of problems is listed with “Possible Area of

Difficulty' for that problem. The tests require proper

operation of the basic meter circuit, the chmmeter
reference voltage circuit, and the wiring and circuitry
of the previous troubleshooting charts.

PROBLEM

POSSIBLE AREA OF DIFFICULTY

Ohmmeter is inoperative (reads zero)
on any or all ranges on DC/{}.

If base (B) of Q102 measures 1.55,

+0.1 VDC, open, short, or improper

wiring in one of the following areas:

A. Sw2.

B. SW101A,B, C, or D (front) hole P, Z, or AA.

2. Q101 through Q104 circuit.

3. c2.

4. D104 if reads zero on {) x 10K and higher.
Ohmmeter “pegs” at full scale and can 1. R101, R133, R134, R135, R153.
not be adjusted to “=" mark on DC/{). 2. C117, C118, C119, C125,

3. Open, short or improper wiring at

SW101 D (rear).

4, Q101 through Q104 circuit.

5; IC103.

6. D101 through D104,
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PROBLEM POSSIBLE AREA OF DIFFICULTY
Ohmmeter can be adjusted to “=" mark 1. F101.
but does not read a resistance at the 2 R2, R103 through R107, R115 through
input on DC/(). R117, R136.
3. Open in SW101 B, C, or D.
Ohmmeter cannot be adjusted to “x" 1. Improper adjustment of 0.1 CAL (R146)
mark on 1LV, or 0.3 CAL (R149).
2. Open, short, or improper wiring in
one of the following areas.
A, Sw2.
B. SwWi101 D.
Ohmmeter is inaccurate when compared
to precision standards on:
Q1 x 1 position (DC/Q? and NILV). 1. R117. 157 3w
NOTE: It is normal for the meter to indi-
cate about 0.4 () on this scale due to the
resistance of the test leads and the
internal resistance of the Multimeter. If
the meter indicates more than 0.4 §} (with
the leads shorted, after being carefully
adjusted at zero and = on a higher range),
the test leads may be defective.
2. Q101, Q102, or Q104.
Q x 1 position ({)LV only). 1. R1, R118.
I-——————————_—l-—un———--——‘-‘—— _f?_ﬂ"j__—_——___-
0 x 10 through € x 1K. 1. ““"R107, R118, R116.
2. D103, D104,
e o . . . . . S . S T DI e S SIS I S R T S S S S S G S S S S — —
{1 x 10K through £ x 1M. 1. R103 through R106.
2. C2, C102 through C106.
3. Q105, Q106.
4. High resistance leakage in R103

through R105, R136, Q105, Q106, or
1C103 circuitry; possibly due to high
humidity.
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DC AND AC MILLIAMMETER CIRCUIT

The following chart identifies ‘“Problems’” and *‘Pos-
sible Area of Difficulty” of these problems in the
switch wiring and circuitry of SW101 and SW4 that
affect the DC and AC Milliammeter function. The
basic meter, DC voltmeter, and AC voltmeter circuitry
must operate properly before you proceed to the fol-
lowing chart. See the previous ‘“Troubleshooting

Charts.”

PROBLEM POSSIBLE AREA OF DIFFICULTY
Milliammeter is inoperative (reads 1. F101.
zero) on any or all DC ranges. 2 Open, short, or improper wiring in
one of the following areas:
A. SW101 B pins 2 or 8, or lug 13.
B. SW101 Cpins 1 through 6, or pin 12 (front).
C. SW101 C pin 4 or lug 14 (rear).
D. SW4 pins 5 or 6.
E. Holes AC, AG, AB (orange), or AD (yellow).
3. Swa.
4. SW101 B, or C.
Milliammeter “pegs” at full-scale on all 1. R108 through R114,
DC ranges. 2, Short near SW101 C (front).
3. Improper wiring of R114.
4. Open or short at SW101 E pin 1.
Milliammeter is inoperative (reads zero) 1. C111.
on all AC ranges. 2. Open, short, or improper wiring at
SW4 pins 5 or 6.
3. Sw4,
Milliammeter reads DC current on AC 1. C111.
ranges.
Milliammeter reading is inaccurate (when 1. R3, R108 through R114.
compared to precision standards) on any 2. Short near SW101 C (front).
range. 3. Open at SW101 D lug 20, or hole E.
NOTE: Be sure to consider the effects
of the insertion voltage drop when you
use your Multimeter or check it for
accuracy. (See “Specifications” on
Page 80.)
Milliammeter requires a long time to 1, R3.
“zero” after AC input is removed. 2. Open or improper wiring at SW4 lugs 1 or 2.
3. SW4.
F101 "blows." 1. F101.
2. D101 through D104.
3. Short near SW101 A pins 2, 9, or 10.
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SPECIFICATIONS

NOTE: All ““Accuracy” specifications exclude the ac-

curacy of calibration standards.

The accuracy of the built-in calibration stan-

dards is within +5%.
DC VOLTMETER

Nine Ranges

Input Resistance

ACCUTACY ...ttt it

Auto Polarity

AC VOLTMETER

Nine Ranges

Range Factor

Input Resistance

Input Capacity

ACCUTACY" i cimn s ¥ B G55 § 555 596 408 & Ve 2405 3

Response

0-.1,.3,1,3,10, 30, 100,
300, and 1000 volts full-scale.

10 MQ.
+2% of full scale.

Front panel lights indicate
positive or negative input.

0-.1,.3,1, 3,10, 30, 100,
300, and 1000 volts full scale.

1 to 3.162 (10 dB) per step.
10 MQ.
100 pF typical.

+3% of full scale
(60 Hz sine wave).

Responds to the average value of a
full-wave rectified sine wave.
Scale calibrated to indicate rms.
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Frequency Response ......................... Range Error Frequency
0.1 - 300 +3% 10 Hz to 100 kHz.
1000 +3% 10 Hz to 50 kHz.
DC MILLIAMMETER
SixRanges ..................oiiiiiiiian.. 0-.01,.1,1, 10, 100, 1000

milliamperes full scale.

Voltage Drop (Approximate

atfull-scale) ...............ccoiiiiiiia, 0.100 volt (0.01 to 10 ranges).
0.150 volt (100 range).
0.350 volt (1000 range).

Insertion Resistance.................o0vvunnn. Voltage drop divided by full-scale
current.
PUCCUTBET 50 v ¢ 5508 wais e sims maomin woms 5 pims ¥ Kens Bk o *2% on 0.01 to 100 ranges.

+3% on 1000 range.

AC MILLIAMMETER

SOCRANGOS & o oan v ov wanw o+ mew ¢ ok 9 & e 0 -0.01, .1, 1, 10, 100, 1000
milliamperes full scale.

Voltage Drop (Approximate

atfull-scale) ................coovvn.. .. 0.100 volt (0.01 to 10 ranges).
0.150 volt (100 range).
0.350 volt (1000 range).

Insertion Resistance.... ..................... Voltage drop divided by full-scale
current.
ACCUTACY . .vvvit i e +3% on 0.01 to 100 ranges.

+4% on 1000 range
(60 Hz sine wave).

Response v vom vans s 5 955 5055 605 5 s 5 mnss Responds to the average value of a full-wave
rectified sine wave. Scale
calibrated to indicate rms.

Frequency Response ......................... Range Error Frequency
0.01 - 10 *+3% 10 Hz to 100 kHz.
100 - 1000 +3% 10 Hz to 50 kHz.
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OHMMETER

Seven Ranges

ACCUTAEY . covs o vroin wis s 87005 & s 590 & 57070 3 600 T3 3

Test Voltage (nominal)

dB RANGES

Nine Ranges
(0 dB = 1 mW into 600 (1)

ACCUTACY . ..o vpr = vei s s % b il S 4008 Bi8 s 580

Q x 1 (10  center scale), ) x 10, {} X 100,
0 x 1K, @ x 10K,  x 100K, ) x 1M.

+3 degrees of arc on () x 1 range (above 2 ohms).
+2 degrees of arc on ) x 10 to {} X 1M ranges.

1.55 volts on DC/S}.
0.078 volts on QLV.

—40 to —18 (0.1 range).
—30 to —8 (0.3 range).
—20 to +2 (1 range).
—10 to +12 (3 range).

0 to +22 (10 range).

+10 to +32 (30 range).
+20 to +42 (100 range).
+30 to +52 (300 range).
+40 to +62 (1000 range).

+3 dB at —20 dB to =0.3 dB at +2 dB.
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GENERAL

Front Panel Controls

Meter Temperature Coefficient

Operating Temperature
Storage Temperature

Dimensions (Overall)

4-1/2", 200 uA 100-degree movement.

Will sustain 700 VAC (1000 VPK) or
1000 VDC on 1-volt to 1000-volt ranges.
Will sustain 220 VAC or 300 VDC on any
other range.

2-ampere, quick-blow input fuse caused
to open with overload on ) x 1 range,
to 0 x 1k range, and 0.01 to 1000 mA
ranges by input clamping diodes.
Measurement circuitry on 0.1 volt and
0.3 volt ranges protected by

clamping transistors.

24-position, continuous-rotation
Range switch with concentric ohmmeter
full-scale adjustment control.

4-position pushbutton switch: AC,
DC/Q, QLV, Power (On/Off).

Maximum of £0.1% or +0.1 degrees of
arc (whichever applies) per degree

C over a range of 10 to 40 degrees

C (50° to 104°F).

0 to 50 degrees C (32° to 122°F).

—40 to +70 degrees C (—40° to +158°F).

5-3/4" wide x 6-7/8" high x 11-1/4" deep
(14.61 X 17.46 x 28.56 cm),

5-3/4 pounds (2.61 kg).

-0+ ——

The Heath Company reserves the right to discontinue
products and to change specifications at any time
without incurring any obligation to incorporate new
features in products previously sold.
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CIRCUIT DESCRIPTION

Refer to the Schematic (fold-in) and Circuit Diagrams
(in the “Illustration Booklet”) while you read the fol-
lowing description.

The measurement circuitry of the Multimeter consists
of input circuitry and a basic meter circuit.

The input circuitry for DC and AC voltage measure-
ments consists of a voltage divider network and as-
sociated components which scale down voltages
above the range of the basic meter circuit.

The input circuitry for DC and AC current measure-
ments consists of a series of precision current-sensing
resistors whose current-related voltage drop is mea-
sured directly by the basic meter circuit.

The input circuitry for resistance measurements con-
sists of an internal reference voltage connected
through a series of precision resistors to the resistance
being measured. The voltage across the unknown re-
sistance is measured directly by the basic meter cir-
cuit in conjunction with the Ohms scale of the meter
movement.

Since all inputs are measured directly or indirectly by
the basic meter circuit, the manner in which it oper-
ates will be described first to simplify the description
of how the measurements are made by the Multimeter
as a whole.

BASIC METER CIRCUIT

The principle sections of the basic meter circuit are
shown in the block diagram (Illustration Booklet,
Page 7). The input to be measured is applied to one of
the FET-input op amp (operational amplifier) inputs.
The output of the op amp drives the meter and the
feedback circuitry. A portion of this output, as a
proportional voltage, is returned to the other input of
the op amp. Here, it is compared to the original input
voltage. Following is a brief discussion of this voltage
comparison.

Part A of Pictorial 12-1 (Illustration Booklet, Page 7)
shows a generalized differential op amp. +V and -V
are the supply voltages which power the op amp. The
“+" represents a “non-inverting”’ input and the **—"
represents an “‘inverting”’ input. That is, if the “—"
input is held constant and the ““+'" input changes, the
output will change in the same direction as the “+"
input. However, if the “ 4+ input is held constant and
the “—"' input is changed, the output will change in
the opposite direction to the *“ ="’ input. The output of
the op amp changes when there is a voltage difference
between the inputs. The amplification (differential
gain) of the op amp is very large (100,000 for example)
so that a small voltage difference between the op amp

inputs immediately force the op amp output to its
maximum.
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The manner in which this type of amplifier is used in
the basic meter circuit is illustrated in Pictorial 12-1,
Part B. Assume resistor network Ry and resistor R are
such that exactly 1/10 of the output voltage of the op
amp isreturned tothe “—" input. A voltage applied to
the “+'" input causes the output to change in the same
direction as the “+"" input, while the voltage fed back
tothe “—"" input will be 1/10 of the output. When this
feedback voltage exactly equals the “+" input vol-
tage, the output of the op amp will stabilize at exactly
10 times the “+" input voltage. This entire circuit is a
“non-inverting”’ amplifier with a fixed gain of 10. The
gain can be changed by varying either R or Ry. The
advantages of this circuit are: the fixed gain of the
circuit is constant over a wide input voltage range, the
gain is constant over wide frequency variations, and
the circuit is relatively immune to variations in sup-
ply voltage and temperature.

As shown in Pictorial 12-1, Part C, the performance of
the op amp can be further improved by adding two
field-effect transistors (FET’s). (These are internal to
1C103.) These transistors provide a very high input
impedance and a low output impedance. This low
output impedance provides a stable driving point for
each input of the op amp and the high input impe-
dance minimizes loading of any high impedance cir-
cuitry (such as from the input circuitry in the Mul-
timeter).

Part D of Pictorial 12-1 is a simplified version of Part
C, with a current meter now placed in the output
circuit of the op amp. Since the voltage across R must
always equal the input voltage, the current through
Ry, and M1 (meter movement) will be exactly propor-
tional to the input voltage. This circuit is a “voltage-
to-current converter.” For a given input-voltage level
(0.1 volt, for example), R is adjusted until the meter
deflects to full scale. The meter scale can then be
calibrated linearly from 0 volt to a full scale of 0.1 volt,
and is independent of any circuitry which may be in
series with M1 since circuit current, not voltage drop,
is being “monitored” by Ry.

To automatically produce an up-scale indication on
meter M1 for either positive or negative input vol-
tages, meter M1 is incorporated into a full-wave rec-
tifier circuit as shown in Part E of Pictorial 12-1. For
positive input voltages, current flows from the op
amp output through D113, D114, and then through
both M1 and R144 (and also through R143) to R;. For
negative inputs, current flows into the op amp output

from D111, D112, from R143 and M1 (and also
through R144). Note that in both cases, current flows
through M1 (I, in the same direction (from + to —).

Since meter M1 always deflects upscale, regardless of
input polarity, the Q107, Q108 circuitry of part E has
been added to indicate actual input polarity. For an
input voltage near zero, the op amp output is also near
zero. Since neither Q107 or Q108 is thus biased on,
both the DC+ LED (light-emitting diode) and the DC—
LED are lighted. For higher positive inputs, the op
amp output goes positive. Thisbiases Q107 on, shunt-
ing current away from the DC— LED and turning it off.
Q108 is still off and the DC+ LED is still lighted. For
negative inputs, Q108 is biased on and current is
shunted away from the DC+ LED leaving the DC—
LED lighted.

This circuit can measure AC directly since meter M1
is deflected upscale for both the positive and negative
portions of an AC waveform. However, since the av-
erage current for a sine wave is only 63.7% of its peak
current and the rms (root-mean-square) value is at
70.7%, the gain (sensitivity) of the circuit must be
increased by approximately 11% so that this average-
responding circuit will indicate the correct rms value
(70.7/63.7 = 111%). This is accomplished by switch-
ing R, into the circuit, requiring 11% more current
through meter M1 to balance the inputs of the op amp.
At the same time, the polarity indicator circuitry of
Q107, Q108 is deactivated by shorting both transistor
inputs to ground. This short is ““decoupled” from the
op amp by R139. Now, neither transistor can be biased
on, and both LED’s remain on.

Part F of Pictorial 12-1 is similar to the circuitry of Part
D to illsutrate the operation of the basic meter circuit
for resistance measurements. Here, a simplified diag-
ram of the input circuitry is also shown.

Rouus is used to adjust the feedback so that “E” pro-
duces exactly a full-scale deflection when the input is
open-circuited (Ry equals infinity, ““"). If Ry is re-
duced to zero, the meter will then indicate zero or no
deflection. For any value of Ry between zero and =,
the meter will deflect an amount proportional to the
ohmic value of the resistance, Ry, being measured. In
particular, when Ry = Rgrynpirn, meter M1 deflects to
exactly center-scale. The meter scale is then further
calibrated in ohms using the mathematical relation-
ship resulting from the division of E between Ry and
and Rsraxparo-
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DC VOLTAGE MEASURING CIRCUITRY

Pictorial 12-2 (Illustration Booklet, Page 8) illustrates
the Multimeter circuitry for DC voltage measure-
ments.

The capacitors shown in dashed lines are connected
as shown but do not affect DC voltage measuring. The
input DC voltage is connected through the input
switching circuit of SW101 A and SW4 to R103 and
R104 as shown. Range switch SW101 B is shown in
the 1.0 volt position. With an input of exactly 1.0
volts, the voltage division of R103 and R104, R105,
R106, R107, R116, R115, and R117 produces exactly
0.1 volts at the junction of R104 and R105. This vol-
tage is connected through SW101 B, SW101 C,R2 and
then R136 to the op amp **+" input, pin 3. IC103 and
M1 operate as explained in the ‘““Basic Meter Circuit”
section. Transistors Q105 and Q106 are connected as
“clamping” diodes to protect IC103 against excessive
positive or negative input voltages. Resistors R2 and
R136 limit the current through Q105 and Q106 if the
input voltage is excessive. C2 acts with R2 as a “low-
pass filter” to filter out AC voltages which may be
superimposed on the DC voltage.

The current through meter M1 and the diode circuitry
generates a voltage across the resistor network of
R145 through R149, (switched in by SW101 D) and
R153. Exactly 0.1 volts of this voltage from the arm of
calibration control R146 is fed back through SW101 E
(lug 1) to pin 2 of IC103 to balance the op amp inputs.
(R133,R134, and R135 are all ““floating’” and thus, do
not have any voltage “drop.”) If switch SW101 B is
now switched to the 3.0 volt position, the input vol-
tage to pin 3 is still 0.1 VDC and thus, the voltage to
pin 2 of IC103 still must be 0.1 volt as before. How-
ever, switch SW101 E now connects the entire R145
and associated circuitry to pin 2. This increased resis-
tance causes the meter reading to drop since less
current produces the required 0.1 volt input to 1C103,
SW101 E alternates between lug 1 and lug 2 for each
position of the Range switch.

Resistors R137, R4, and R138 balance the internal
circuitry of IC103 to zero the meter when the input is
zero.

Resistor R139 and capacitor C124 are a low-pass filter
to eliminate any transient flicker in the DC+ and DC—
LED’s.
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AC VOLTAGE MEASURING CIRCUITRY

The circuit shown in Pictorial 12-3 (Illustration Book-
let, Page 9) is used when AC voltages are measured.
C108 is now inserted between SW101 A and the volt-
age divider to block any DC portion of the input vol-
tage and C102 through C107, and C109 may be consi-
dered as part of the voltage divider circuit. C2 is
disconnected from the circuit to prevent filtering of
the AC voltage and R2 is shorted out of the circuit.
R151 and R152 are added across the total feedback
circuit (R145 through R149, and R153) to lower the
overall resistance, as previously discussed in the
“Basic Meter Circuit” section.

Operation of the AC circuit is similar to that for DC.
The input AC voltage, after passing through C108, is
applied to the voltage divider circuit. At low frequen-
cies, the capacitors in the divider circuit have little
effect and the voltage to R136 and 1C103 is primarily
determined by theresistors in the divider network. As
the input frequency increases, the impedance of the
capacitors connected across the resistors decreases.
The values of the capacitors are such that the input to
IC103 for each range remains essentially constant
(*“flat”) as the frequency changes. Thus, the voltage
divider circuit is “frequency compensated.” Because
of the high values of R103 and R104, and the possibil-
ity of variations in stray capacitance, the compensa-
tion across these is made variable (C103) to allow a
fine adjustment for the higher frequencies. The AC
current from the output of IC103 flows alternately
through the meter and diode circuitry and then to the
resistor network of R145 through R153. Capacitors
C121 and C126 extend the amplifier bandwidth. The
Q107 and Q108 circuits are deactivated by SW4.
SW101 E alternates the feedback point in the same
manner as for DC voltages.

DC AND AC CURRENT MEASURING CIR-
CUITRY

Refer to Pictorial 12-4 (Illustration Booklet, Page 10).
For both DC and AC current measurements, the cur-
rent to be measured flows through fuse F101,
switches SW101 A and SW101 C (front), the selected
sensing resistors (in this case, R108 through R114)
and then back to the circuit under test. This current
flow generates a voltage (across the selected sensing
resistors) directly proportional to the current. This
voltage is coupled through SW4 (for DC) or C111 (for
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AC) to SW101 C (rear) and then via the R2 and C2
circuitry, to IC103. Resistor R3 provides a DC dis-
charge path for C111 when AC current is measured.
The balance of the circuitry (R2, C2,1C103, etc.) func-
tions identically to that described for DC and AC
voltage measuring circuitry. SW101 E is always con-
nected to lug 1 for the “mA” ranges.

Diodes D101 to D104 and resistors R101 and R102
form a protection circuit for the precision sensing
resistors in case an over-current is inadvertently
applied. This circuit is connected in for all current
ranges. If the voltage at the junction of D103 and D104
becomes more positive than +2.1 volts, or more nega-
tive then —0.7 volts, either D103 (along with D101
and D102) or D104 will be heavily forward biased.
The current through fuse F101 and R102 will increase
greatly and cause F101 to open (when the current
exceeds 2 amperes) and disconnect the Multimeter
from the circuit. Voltage clamping transistors Q105
and Q106 provide protection at IC103.

RESISTANCE MEASURING CIRCUITRY
Low Test Voltage ((JLV)

Pictorial 12-5 (Illustration Booklet, Page 11) is the
schematic of the low-test voltage ohmmeter circuit.
The network of Eggp, R118, and R1, in conjunction
with R117, as shown in Part 1 of Pictorial 12-6 pro-
vides a low test voltage of 0.078 VDC with an equiva-
lent source impedance of 10.0 Q. This equivalent
circuit is shown in Part 2 of Pictorial 12-6.

As shown, the 0.100 VDC (which corresponds to full-
scale deflection) produced at the arm of R146 is fed
back to the top of R133 by SW101 E lug 1 for the )
ranges. R134 is then adjusted so the voltage at pin 2 of
IC103 is equal to the actual low-test voltage applied to
pin 3 through SW101 C (rear) and R2 and R136 when
the Multimeter input is open-circuited. The “‘slider”
of the Range switch is also connected to the Multime-
ter input.

When an unknown resistance is connected to the
Multimeter input, the chmmeter test voltage is di-
vided between the unknown resistance and the 10
0/0.078 VDC equivalent circuit. The portion of the
voltage across the unknown resistance is then mea-
sured by the basic meter circuit as previously de-
scribed. This voltage is displayed as a resistance
value on the Ohms scale of the meter movement. As
the Range switch is rotated to higher ranges, the
“standard” resistor increases by a power of 10 (100,
1000, etc.).

As shown, the D101 through D104 circuitry is con-
nected in the circuit by SW101 A for the ranges up to
Q x 1K to protect the precision resistors. For higher
ranges, the precision resistors have a high enough
resistance value that they cannot be overloaded by
voltages normally encountered. IC103 on these
higher ranges is protected by the R2, R136 and Q105,
Q106 circuitry. Capacitors C117, C118, and C119
bypass the high-impedance R133, R134, and R135
circuitry.

High Test Voltage (DC/Q)

The high-test voltage ochmmeter circuit is shown in
Pictorial 12-7 (Illustration Booklet, Page 12). The op-
eration of this circuit is similar to the circuit previ-
ously described for QLV, except that the internal re-
ference voltage is now 1.55 VDC and the R145
through R149 circuit is “floated” with SW2 open,
producing a full-scale sensitivity of approximately
2.0 VDC at the top of R153. This is then divided by the
R133 through R135 circuit as before to balance the op
amp inputs. C125 stabilizes the feedback circuit to
prevent oscillation.

OHMMETER REFERENCE VOLTAGE CIRCUIT

The ohmmeter reference voltage circuit consists of
transistor Q101 through Q104 and associated compo-
nents. The divider circuit (R124 and R125) produces
approximately 1.55 VDC at the base of Q101. Q101
and Q102 form a differential amplifier and the R129
current is divided between them. If the input at the
base of Q102 tends to decrease (be less than the vol-
tage at base of Q101), the portion of the current
through Q101 increases. This provides higher for-
ward bias to Q103, and thus Q104, toraise the voltage
back up. A similar, but opposite, action occurs if the
voltage at the base of Q102 tends to rise. This circuit
regulation keeps the 1.55 VDC at the base of Q102
very stable.

Overload protection in this circuit (in addition to the
D101 through D104 circuitry) is provided by D109 for
high positive overloads, and by current limiting of
R131 for high negative overloads.
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POWER SUPPLIES AND BUILT-IN CALIBRA-
TION VOLTAGES

The power supply consists of transformer T1, diodes
D105 through D108, filter capacitors C112 and C113,
positive and negative integrated circuit regulators
(IC101 and IC102), and associated circuitry.

The power transformer has a dual primary winding
and the Multimeter can be operated on either 120 or

240 volts by setting switch SW5 to the proper posi-
tion. '

The output of the transformer is rectified and filtered,
producing about =14 volts DC. The IC regulators

(IC101 and IC102) regulate these voltages to =7 volts
by resistor network R121,R122, and R123. These reg-
ulators control the output voltages by maintaining the
voltage at pin 3 of IC101 (+TP) at close to +5.00 VDC
and the voltage at pin 2 of 1C102 (—TP) at close to
—2.23 VDC. Since these are maintained within +5%,
they provide fairly accurate calibration references.

These regulators, through internal circuitry, provide
short-circuit (and thermal overload) protection.

C122 provides transient filtering on the +7 VDC sup-
ply while C114 and C123 filter the —7 VDC supply.

Ferrite beads, FB1 through FB5, reduce the suscepti-
bility to RF pickup.
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