2 .
PRICE $2.00 1'\

HEATERXIT
ASSEMBIY MANUATL

o

he 2

HEATI—IKIT'

SOLID STATE VOM

MODEL IM-25

595-1042-02




g
|

Dear Customer:

The Heathkit electronic product you have purchased is one of the best performing electronic products in the
world.

Here’s how we aim to keep it that way:

Your Heathkit Warranty

During vour first 90 days of ownership, any parts which we find are defective, either in materials or
workmanship, will be replaced or repaired free of charge. And we’ill pay shipping charges to get those parts to
you — anywhere in the worid.

If we determine a defective part has caused your Heathkit electronic product to need other repair, through no
fault of yours, we will service it free — at the factory, at any retail Heathkit Electronic Center, or through any of
our authorized overseas distributors.
This protection is exclusively yours as the original purchaser. Naturally, it doesn't cover damage by use of
§
=
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After-Warranty Service

acid-core solder, incorrect assembly, misuse, fire, flood or acts of God. But, it does insure the performance of
your Heathkit electronic product anywhere in the world — for most any other reason.

What happens after warranty? We won’t let you down. If your Heathkit electronic product needs repairs or you
need a part, just write or call the factory, your nearest retail Heathkit Electronic Center, or any Heath
authorized overseas distributor. We maintain an inventory of replacement parts for each Heathkit model at most
locations — even for many models that no longer appear in our current product line-up. Repair service and
technical consultation are available through all locations.

PIPYIYRY P

We hope you’ll never need our repair or replacement services, but it’s nice to know you‘re protected anyway —
and that cheerful help is nearby.

!

bk

Sincerely,

HEATH COMPANY
Benton Harbor, Michigan 49022
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INTRODUCTION

The Heathkit Model IM-25 Solid State VOM
combines all the features of a vacuum tube volt-
meter and a volt-chm-milliammeter into one
attractively styled cabinet, Operation from a
120 volt AC line or from the internal battery is
selected by a single switch, The self-contained
battery supply allows you to perform all meas-
urement functions at remote locations without
an AC power source,

A separate range switch is provided for each of
the three functions: Volts, Ohms, and Milliam-
peres, This makes it possible for each function
to have a different number of ranges, Readings
are displayed on the large 6-inch meter which
has three separate sets of scales, Each set of
scales is a different color, For example: all AC
voltages are indicated on the red scales, DC
voltage on the black scales, and ohms on the
green scale,

Additional features of the Solid State VOM in-
clude: a low voltage ohmmeter for accurate in-
circuit resistance measurement in transistor
circuits, a circuit board and cable assembly for
easy and clean construction, a single test probe
to eliminate tangled test leads, and a dual-wind-
ing power transformer that allows you to wire
the Voltmeter to operate from either a 120 or
240 volt AC power source,

All of these features combine to provide you with
an extremely versatile, accurate, andattractive
test instrument that is designed for longandde-
pendable service at minimum cost,

Refer to the '"Kit Builders Guide'" for complete
information on unpacking, parts identification,
tools, wiring, soldering, and step-by-step as-
sembly procedures,
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PARTS LIST

refer to the

Replacement Parts Price List and usethe Parts
Order Form furnished with this kit,

PART PARTS
No. Per Kit

DESCRIPTION

RESISTORS

[y

ek ok b b DD b b

[\

Precision 1%
NOTE: Precision resistors may be marked in
2, KQ, or M2, KQ = 1000 & MQ = 1,000,000 @,

(2) 2-94
2-226
2-225
2-224
2-223
2-219
2-23
2-25

ook puak pud ek ek ek ek b

100 © (brown-black-brown)
330 2 (orange-orange-
brown)

820 Q (gray-red-brown)
1500 £ (brown-green-red)
10 K@ (brown-black-orange)
15 KQ (brown-green-orange)
18 KQ (brown-gray-orange)
22 KQ (red-red-orange)

27 KQ (red-violet-orange)
39 KQ (orange-white-
orange)

47 KQ (yellow-viclet-
orange)

100 K@ (brown-black-
yellow)

330 KQ (orange-orange-
yellow)

390 KQ (orange-white-
yellow)

dQ

2162 Q
.6838
2,162
6.838 Q
21,62 Q
68.38 Q@
216,2 Q

* DuPont Registered Trademark

NOTE: The numbers in parentheses inthe Parts
List are keyed to the numbers onthe Parts Pic-
torial (fold-out from Page 5),

PART
No,

PARTS
Per Kit

DESCRIPTION

Precision 1%, (cont'd.)

2-28

2-58
-31
-220
-33
-50

CAPACITORS

Mica
(3)20-102
20-108
20-113
20-107
20-122
(4)20-75

Cither
(52172
(6)23-60
(7)27-4"
(8)25-54

25-131
(9)31-30

31-27

[ S T T T LI C L i U

ko ok eed bt

Pt pk N DND ped et

683.8

1000 £ ( 1KQ)
2162 Q (2,162 KQ)
3162 Q (3.162 KQ)
6838 O (6,838 KQ)
10 KQ

21,62 KQ

68,38 KQ

216,2 KQ

306.2 K@

683,8 KQ

1 MQ

2,162 MQ

6,838 MQ

9,6838 MQ

10 M@

100 pf
200 pt
470 pf
680 pf
1000 pf
5000 pf

.005 ufd disc

.01 pfd tubular

.1 pfd Mylar*

10 ufd electrolytic
250 ufd electrolytic
1, 5-7 pf trimmer
8-50 pf trimmer
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PART PARTS
Per Kit

No.

DESCRIPTION
No,

CONTROLS-SWITCHES

(10)10-52
10-57
10-60

(11)10-158
12-80
63-430
63-431
63-520
63-433
63-434

63-435

PROBE PARTS

2-14
(12) 258-53
(13) 459-46
(14) 459-47
(15) 459-44
(16) 459-45
(17) 459-43
(18) 477-11
(19) 253-51
(20) 256-15

1
2
1
1
1
1

DD = et bt et b b ek b et

PART PARTS
Per Kit

e e

DESCRIPTION

2000 © tab mount control (21)57-27

10 K tab mount control 56-46
500 K tab mount control 5632
1000 € control (22) 56-26

50 KQ dual tandem control
9-position, 3-wafer switch (23)417-118
(Volts Range) (24) 417-140
3-position, 4-wafer switch
(VOA Function)

3-position, 3-wafer switch
(AC-DC Mode)

3-position, 1l-wafer switch gg;:zsi

(On-Off Power) 903-473-

7-position, i1-wafer switch 203-474-

(Ohms Range) (25) 204-1759-

11-position, 1-wafer switch (26) 204-1760-

(MA Range) (27) 204-761

210-34

(28) 469--13

1 MQ 1% resistor

Contact spring WIRE

Switch lever

Insert insulator 89-23

Front section probe body 134..150

Center section probe body 341-1

Rear section probe body 343-11-1

Probe tip 344..15

E ring 344..16

Rivet 344-.59

S b ek

METAL PARTS

2
11
11
11
1 4
1 2

2

DD

[ ol

DIODES-TRANSISTORS

Silicon diode

9.1 volt zener diode
13 volt zener diode
1N191 crystal diode
(brown-white-brown)
2N3393 transistor
2N4304 transistor

Cabinet half shell
Front panel

Rear panel

Subpanel

End cap bracket

Side rail bracket
Circuit board mounting
bracket

Front panel bezel
Battery contactor

Line cord

Cable assembly
Black test lead
Shielded test lead
Black stranded wire
Red stranded wire
Hookup wire



HEATHKIT

Page 5

PART PARTS
No, Per Kit

DESCRIPTION

#6 HARDWARE

(29) 250-162 7
(30) 250-365 8
(31)250-116 15
(32) 250-229 20
(33) 250-8035354
(34) 250-304 4
(35) 250~305 4

6-32 x 1/2'" screw

6-32 x 1/4" screw(black)
6-32 x 1/4" phillips screw
6-32 decorative screw
6-32 x 7/16" spacer stud
6-32 x 5/16" spacer stud

#6 x 1/4" sheet metal screw

(36) 252-3 18 6-32 nut
(37) 254-1 13 #6 lockwasher
(38) 259-1 1 #6 solder lug
(39) 259-11 4 Spade lug
OTHER HARDWARE
(40) 250-34 4 4-40 x 1/2" screw
(41) 250-43 1 8-32 x 1/4" setscrew
(42) 252-15 4 4-40 nut
(43) 25217 8 Control nut
(44) 253-10 12 Control flat washer
(45) 254-9 4 #4 lockwasher
(46) 254-4 2 Control lockwasher
(47) 255-29 4 #4 spacer
(48)252-73 1 Speednut
MISCELLANEOUS
54-1717 1 Power transformer
(49)73-27 6 Plastic grommet (12 halves)
(50)75-30 1 Line cord strain relief
(for round cord)*
75-T1 1 Line cord strain relief
(for flat cord)
85-169-1- 1 Circuit board
(51)211-32 2 Handle
(52)214-21 1 Mercury cell holder
(53)214-31 4 Battery holder end
352-13 1 Silicone grease

*This strain relief is supplied to be used in
areas mainly outside the U, S., where 2 or 3
wire round cords are required,

PART PARTS
Per Kit

No,

DESCRIPTION

Miscellaneous (cont'd.)

214-44
214-45
(54) 258-30
(55)260-1
260-51

(56)261-28
(57)261-30
(58)262-8
407-117
(59) 412-15
(60) 413-10
(61) 418-10
(62)431-2
(63)431-10
(64)436-20
(65)438-28
(66) 455-50
462-245
(617) 462-256
432-27
490-5
390-181
390-182
391-34
597-308
597-260

[ N gru

et e b ped et fad ek fed () O b bk b b et ek i b DN D

12-cell battery holder case
2-cell battery holder case
Battery contact spring
Alligator clip

Alligator clip with threaded
insert

Plastic foot

Line cord retainer
Terminal pin

200 microampere meter
Neon lamp

Pilot lamp lens

Mercury cell

2-lug terminal strip

3-lug terminal strip

Phone jack

Phone plug

Knob bushing

Knob

Thumbwheel knob

Line cord adapter

Nut starter

12-cell battery label

2-cell battery label
Identification label

Kit Builders Guide

Parts Order Form

Manual (See front cover for
part number,)

Solder

NOTE: Fourteen C-cell flashlight batteries (not
furnished) will be required for operation of the
completed VOM, You may want to purchase these
batteries now, to have them ready when youfin-
ish assembling the kit, Two of these C-cells
must be installed, for both line operation and for
battery operation, or the chms measuring circuit
will not operate, The other twelve cells are re-
quired for battery operation of the VOM,
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STEP-BY-STEP ASSEMBLY

Before starting to assemble thiskit, read the Kit
Builders Guide for complete information on
wiring, soldering, and step-by-step assembly
procedures,

CIRCUIT BOARD ASSEMBLY

Components will be installed on the circuit board
by following the steps on Pictorials 1 through 3,
Only a portion of the circuit board is shown in

START

ot

) Locate the circuit board (#85-
169-1) and position it lettered
side up as shown, The shaded
area of theillustration at the top
indicates the area of the circuit
board being wired inthe follow-
ing steps,

~—

005 pfd disc. One lead remains

each Pictorial, The shaded part of the small
drawing at the top of each Pictorial shows the
area being assembled in the steps on that page,

Position all parts as shown in the Pictorials,
All resistors will be called out by only the re-
sistance value (in Q, K2, or MQ); the color code
will also be given for color-coded resistors,
Capacitors will be called out by only the capaci-
tance value and type, Position the precision
resistors with their resistance values up,

CONTINUE

| CIRCUIT BOARD Q

NUMBER

on top of the circuit board. It |~
will be connected later,

~—

250 ufd electrolytic, Position
the positive (+) lead of the ca-

( ) Silicon diode (#57-27). Position

the cathode lead as shown, The
cathode lead is marked with
either a color dot, color band, or
color end,

COLOR COLOR COLOR

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

pacitor as sbown by the (+)
markings on the circuit board,

) 100 K (brown-black-yellow),

) 330 K (orange-orange-
yellow),

~—

15 KQ (brown-green-orange), (~d

) 1500 Q (brown-green-red), -

) 10 KQ (brown-black-orange),

) 470 pf mica,

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

~—

) 39 KQ (orange-white-orange).

1000 © (1 KQ) 1% precision,

~

~—

10 K 1% precision,

e

) 27 K@ (red-violet-orange).

47 KQ (yellow-violet-orange),

N

) 390 KQ (orange-white-yellow),

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

~—r

PICTORIAL 1

) 1N191 crystal diode, Position
the banded end as shown,

) 1N191 crystal diode, Position
the banded end as shown,

~—

680 pf mica,

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

~—

~

1N191 crystal diode, Position
the banded end as shown,

~—

1N191 crystal diode, Position
the banded end as shown,

~——

200 pf mica,

~—

22 KQ (red-red-orange).

-

18 KQ (brown-gray-orange),

-

10 K 1% precision,

1000 © (1 KR) 1% precision,

~—

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

~—

PROCEED TO PICTORIAL 2
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START

Y

CIRCUIT BOARD
—  NUMBER

The shaded area in the illustration
at the top indicates the area of the
circuit board being wired in the fol-
lowing steps,

( ‘9"/Zener diode (#56-46). Shape the
cathode lead as shown,

CATHODE
«~— LEAD

( ) 820 @ (gray-red-brown),

( ) Zener diode (#56-32), Position /

the cathode lead as shown,

( ) 330 @ (orange-orange-brown),

PN
~—

2,162 Q 1% precision,

—
~

,6838 ©2 1% precision,

o~
~

2162 Q 1% precision,

10 MQ 1% precision,

—
p—

() .18 1% precision,

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

) .1 pfd Mylar (#27-47),

—
S~

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

> h

A

L

L

CONTINUE
<

( ) 6.838 MQ 1% precision,

{ ) 2,162 MQ 1% precision,
L

( ) 683,8 KQ 1% precision,

( ) 216,2 K 1% precision,

{ ) 68,38 KQ 1% precision,

() 21,62 KQ 1% precision,

¢ ) 6838 (6.838 KQ) 1% precision.

() 2162 Q (2,162 KQ) 1%precision,

( ) 683,82 1% precision,

N ( ) 216.2 © 1% precision,

N ( ) 68.38 @ 1% precision,

() 21,62 © 1% precision,

(") 6.838 © 1% precision,

( ) Solder all leads to the foil and

cut off the excess lead lengths,

PICTORIAL 2

PROCEED TO PICTORIAL 3



Page 8

EE g FIEATHIEIT

START
Y

The shaded area in the illustration
at the top indicates the area of the
circuit board being wired in the fol-
lowing steps,

The transistors will be installed in
the following steps, Solder all leads
after each transistor is installed,
Clip off the excessleadlengths close
to the foil,

NUMBER

|- CIRCUIT BOARD

CONTINUE
<

NOTE: The Solid State VOM can be
wired to operate from a 120 volt AC
source or a 240 volt AC source,
Follow the steps below that apply to
your needs,

( ) Prepare four 2N3393 (#417-118)
transistors by clipping off the
collector (C) lead, Refer to the
illustration below for lead iden-
tification.

( ) Install the four prepared tran-
sistors at locations Q14, Q15,
Q5, and Q6, Install the tran-
sistors in thefollowing manner,
as shown, First line up the flat
side of the transistor with the
outline of the flat on the circuit
board, Then insert the tran-
sistor leads into their correct
holes, which are indicated by
E and B, Mount each transistor
about 1/4" above the circuit
board,

FLAT SIDE

120 VOLT WIRING

( ) 1" bare wire, Use a length of
hookup wire with the insulation
removed,

( ) 1'" bare wire,

( ) Install 2N3393 transistors at
Q4, Q12, Q8, Q9, Q13, Q10, and
Q11, Place the base (B), emitter
(E), and collector (C) leads in
their proper holes as shownbe-
low, Be sure to position the flat
on the transistor inline with the
flat outline on the circuit board,

FLAT
SIDE

FLAT SIDé

PICTORIAL 3

240 VOLT WIRING

( ) 3/4" bare wire, Use a length
of hookup wire with the insul-
ation removed,

( ) Terminal pin, Push pin through
until it stops, then solder tofoil
and clip off excess.

( ) Install a 2N4304 (#417-140)
transistor at Q7 in the following
manner, as shown: Line up the
wide space between the G and 8
transistor leads with the cor-
rect circuit board holes, Then
insert the transistor leads as
shown into the holes and posi-
tion the transistor 1/4" away
from the circuit board, Solder
each lead to the foil and cut
off the excess lead lengths,

( ) Be sure all leads are soldered
to the foil and clip off all excess

lead lengths,

PROCEED TO PICTORIAL 4
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CABLE ASSEMBLY WIRING AND CIRCUIT
BOARD PARTS MOUNTING

Refer to Pictorial 4 for the following steps.,

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

( ) Refer to Detail 4A and install the power
transformer #54-177 on the circuit board,
Place each wire from the transformer
through the corresponding hole inthe circuit
board, Secure the transformer with two 6-32
x 1/4" black screws, #6 lockwashers, and
6-32 nuts, Solder each lead to the circuit
board foil and cut off the excess lead
lengths,

6-32x1/4" SCREW
(BLACK)

vy ¥6 LOCKWASHER

6-32 NUT

Detail 4A

(1
&m%“

/ lfABLE ASSEMBLY]

e

S Cempn O (AN ) S | AN N 1 E ) N1 i) S A

CIRCUIT BOARD
e

U

O O

e

(O

PICTORIAL 4
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PICTORIAL 4
(Repeat)

Ve
bl
—p ¥~RED

( ) Refer to Detail 4B and mount the mercury NOTE: Use hookup wire when wire is called for
cell holder on the circuit board, Use 6-32x in a step, Cut the wires to the proper length and
1/2" screws, #6lockwashers, and 6-32 nuts, remove 1/4" of insulation from each end, When-

ever bare wire iscalledfor in a step, use hookup
wire with the insulation removed,

?6-32“/2" SCREW

( ) Connect a 1" bare wire from lug 2 of the

? mercury cell holder (S-1) to the hole marked
(-) in the circuit board, Leave a little slack
in the wire; then solder the wire to the foil

; and clip off the excess length,

( ) Connect a 1" bare wire from lug 1 of the
mercury cell holder (S-1) to the hole marked
(+) in the circuit board, Leave a little slack
in the wire; then solder the wire to the foil
and clip off the excess length,

%) #6 LOCKWASHER
gé 12 NUT ( ) Position the two wires just installed so they
’ do not short together,

s

Detail 4B
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( ) Locate the cable assembly (#134-150) and
position it over the circuit board as shown
in Pictorial 4, Breakout #1 has onlytwo long
and two short wires, while breakout #9 at the
other end of the cable assembly has seven
wires, Notice that after the cable assembly
is wired to the circuit board, it is positioned
1-3/4" above the top edge of the circuit
board,

Place each cable assembly wire through the cir-
cuit board hole as called out in the following
steps, Bend each lead slightly to hold it in place
until all wires from the same breakout are con-
nected, Then solder each wire and clip off the ex-
cess length,

Connect the wires from breakout #3 to the circuit
board as follows:

( ) White-brown wire to the WHT-BRN hole,

( ) Orange wire to the ORG hole,

( ) Gray wire to the GRY hole,

( ) Brown wire to the BRN hole,

( ) Yellow wire to the YEL hole,

( ) White wire to the WHT hole,

{ ) Solder all wires to the foil and cut off the ex-
cess wire,

Connect the wires from breakout #8 as follows:
( ) Either blue wire to either BLU hole,

{ ) Remaining blue wire to the remaining BLU
hole,

{ ) White-brown wire to the WHT-BRN hole,
( ) Orange wire to the ORG hole,

() Solder all wires to the circuit boardandcut
of’ the excess wire,

Connect the wires from breakout #9 as follows:
( ) White-red wire to the WHT-RED hole,
( ) Violet wire to the VIOL hole,

( ) Green wire to the GRN hole,

{ ) Rad wire to the RED hole,

() Black wire to the BLK hole,

NOTE' The yellowand white wires from breakout
#9 will be connected later,

( ) Solder all wires to the circuit board and cut
oif the excess wire,

( ) Position the cable assembly so it is 1-3/4"
ahove the circuit board as shown in Pictorial
4,

( ) Sot the circuit board aside until it is called
for later in the assembly,
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SWITCH PREWIRING

Refer to Pictorial 5 for the following steps,
( ) Locate the Volts Range switch (#63-430).

NOTE: The Volts Range switch will be referredto
in the following steps as switch K,

The following system will be used to identify
switches, wafers, andlugnumbers, The first let-
ter will identify the switch; the first number that
follows will identify the wafer; and the second
number will identify the lug, The term K1-2, for
example, would be interpreted as follows: K= the
Volts Range switch; 1 = wafer #1 of this switch;
-2 = lug #2 of this wafer, Use Pictorial 5 to iden-
tify wafers and lug numbers for switch K. Note
the position of the wide space between lugs 2
and 5 of wafer 3,

( ) Connect a 306,2 KQ precision resistor be-
tween K1-2 (NS) and K1-11 (NS),

() Connect a9,6838 megohm precision resistor
between K1-8 (NS) and Ki1-11 (NS),

( ) Connect a 10 K precision resistor between
K1-2 (NS) and K1-5 (NS),

( ) Connect a 5000 pf mica capacitor between
K1-2 (NS) and K1-5 (NS),

( ) Connect one end of a 2-1/4" wire to K1-2
(S-4), Leave the other end free; it will be
connected later,

NOTE: In the next three steps, position each
resistor as shown in Pictorial 5,

( ) Connect a 21,62 KQ precision resistor be-
tween K2-9 (NS) and K2-10 (NS).

( ) Connect a 6,838 K precision resistor be-
 tween K2-10 (S-2) and K2-11 (NS),

( ) Connect a 3,162 KQ precision resistor be-
" tween K2-11 (S-2) and K2-12 (NS).

() Connect a 47 KQ (yellow-violet-orange)
" resistor between K2-12 (NS) and K2-3 (NS).

( ) Connect the positive (+) leadof 210 pfd elec-
trolytic capacitor to K2-3 (NS) and the other
lead of this capacitor to K2-9 (NS),

( ) Connect a 2" wire between K2-2 (NS) and
K2-5 (NS),

VOLTS RANGE SWITCH K (#63-430)

TAB MAY BE OFFSET
30 DEGREES ON SOME
SWITCHES

>u<{.

NOTE POSITION OF SPACE

PICTORIAL 5

( ) Refer to Detail 5A and clip off the base lead
of a 2N3393 transistor,

COLLECTOR
LEAD

\

BASE
LEAD

EMITTER
LEAD
cLiP OFF/
LEAD
FLAT SIDE
Detail 5A

( ) Position the flat side of the prepared tran-
sistor as shown in Pictorial 5; then connect
the emitter lead to K2-2 (NS) and the col-
lector lead to K2-1 (NS),

(') Prepare another 2N3393 transistor by clip-
ping off the base lead as shown in Detail 5A,
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( ) Connect the emitter lead of this prepared
transistor to K2-1 (NS) and the collector lead
to K2-2 (S-3),

( ) Position a 2N4304 transistor so the wide
space between the G (gate) and S (source)
leads is as shown in Pictorial 5, Then con-
nect the source lead to K2-3 (S-3), thedrain
lead to K2-4 (NS), and the gate leadto K2-5
(NS).

SUBPANEL ASSEMBLY AND WIRING
Refer to Pictorial 6 for the following steps,

( ) Position the subpanel (#203-474-1) as
shown,

( ) Refer to Detail 6A and mount an 8-50 pf
ceramic trimmer capacitor (#31-27)atBon
the subpanel, Use 4-40 x 1/2" screws, #4
spacers, #4 lockwashers, and 4-40 nuts,

#4 LOCKWASHER 'SUBPANE.I
4-40 NUT

Detail 6A

( ) Similarly, mount a 1,5-7 pf ceramic trim-
mer capacitor (#31-30)at A, Use 4-40x1/2"
screws, #4 spacers, #4 lockwashers, and
4-40 nuts,

() Refer to Detail 6B and mount a 500 K con-
trol (#10-60) at C, Secure the control by
twisting the mounting tabs 1/8 turn,

SUBPANEL

TWIST TABS
1/8 TURN

Detail 6B

#31-27
8-50pt

I SUBPANEg
—

€3>

=3 =

-

PICTORIAL 6

( ) Refer to Detail 6C and temporarily mount

the prewired Volts Range switch at K, Po-
sition the mounting tab in the appropriate
small hole as shown, Note that the switch
supplied with your kit may have a tab that
is offset 30 degrees, In that case, use the
offset small hole and be sure the assembly
screws and spacers are parallel with the end
of the panel, Secure the switch temporarily
with a control nut,

ASSEMBLY SCREWS
AND SPACERS

MOUNTING TAB
HOLE

A TERNATE TAB HOLE
FOR OFFSET TAB

SUBPANEL

Detail 6C ~+———CONTROL NUT
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Refer to Pictorial 7 for the following steps,

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

() Place one lead of a 100 pf mica capacitor
through lug 2 of trimmer capacitor B (S-2),
through Ki1-11 (S-4) to lug 2 of trimmer
capacitor A (S-1). Connect the other leadof
this capacitor to lug 1 of trimmer capacitor
B (NS).

() Connect the free end of the wire extending
from Kl1-2 to lug 1 of trimmer capacitor B
(S—z)l

NOTE: When wiring this kit you mayfind it eas-
ier to prepare the lengths of hookup wire ahead
of time as in the following step, The wires are
listed in the order in which they will be used,

( ) Prepare the following lengths of wire:

1-3/4"
2-1/4"
1_1/4n
AN

( ) Connect a 1-3/4" wire from lug 1 of trimmer
capacitor A (S-1) to K1-8 (NS),

( ) Connect a 2-1/4" wire from K1-5 (S-3) to
lug 2 of control C (NS),

( ) Connect the positive (+) leadof a 10 ufd elec-
trolytic capacitor to K2-4 (NS) and the other
lead to lug 1 of control C (NS),

PICTORIAL 7

( ) Connect a 1-1/4" wire from K2-1 (NS) to lug
2 of control C (S-2).

( ) Connect the positive (+) leadof a 10 ufd elec-
trolytic capacitor from K2-1 (S-4) and the
other lead to lug 1 of control C (NS).

( ) Connect a 2" wire from K2-12 (S-3)tolug 1
of control C (NS).
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e ! 6-32x1/4"

SCREW
(BLACK)

SUBPANEL

#6 LOCKWASHER

6-32 NUT

Detail 8A

Refer to Pictorial 8 (fold-out from this page)
for the following steps,

() Refer to Detail 8A and mount a 2-lug termi-
nal strip at H, Use a 6-32 x 1/4" black
screw, two #6 lockwashers, and a 6-32 nut.

( ) Refer to Detail 8B and mount a 1000 con-
trol (#10-158) atS, Use a control lockwasher
and a control nut, Position the control lugs
as shown,

CONTROL NUT

SUBPANEL

CONTROL LOCKWASHER

Detail 8B

CONTROL
LOCKWASHER

SUBPANEL

é CONTROL NUT

Detail 8C

( ) Refer to Detail 8C and mount a phone jack at
T. Use a control lockwasher and a control
nut, Position the jack lugs as shown,

NOTE: As you mount the switches in the next
three steps, place the locating tabon each switch
in the small hole beside the mounting hole,

( ) Temporarily mountthe VOA Function switch
(#63-431) at P with a control nut,

(- ) Temporarily mount the AC-DC Mode switch
(#63-520) at R with a control nut,

( ) Temporarily mount the MA Range switch
(#63-435) at M with a control nut,

( ) Mount a 50 K dual tandem control (#12-80)
at G, Secure the control by twisting each
mounting tab 1/8 turn,



PICTORIAL 8
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Refer to Pictorial 9 for the following steps,

( ) Connect the lead from the marked end of a
.01 pfd tubular capacitor to R1-9 (S-1); be
sure to push the lead through both lugs at
R1-9, and then solder both lugs,

( ) Connect the other lead of this capacitor to
P2-8 (NS), Position the capacitor so that
neither of its leads touch other switchparts,

( ) Refer to Detail 9A and prepare a 1 MQ
precision resistor and a 1000 pf mica ca-
pacitor combination,

SOLDER SOLDER

Detail 9A

( ) Connect this resistor-capacitor combina-
tion from P2-11 (S-1) to K2-5 (S-3).

( ) Prepare the following lengths of wire:

2-1/2" 4-1/4" 2"
3-3/4" 2-1/2" 1-3/4"
3-3/4" 2-1/2" 3-3/4"
21‘

( )} Connect a 2-1/2" wire from P2-10 (S-1) to
K1-6 (S-1).

( ) Connect a 3-3/4" wire from P2-8 (S-2) to
K1-8 (S-3).

( ') Carefully spread apart the front and rear
lugs 8 of switch M,

( ) Connect a 3-3/4" wire from P2-3 (S-1) to
lug ‘8 on the front of the wafer on switch M
(NS).

( ) Connect a 2'" wire from lug 8 onthe front of
the wafer on switch M (S-2) to R2-12 (S-1).

( ) Connect a 4-1/4" wire from lug 8 on the rear
of the wafer on switch M (S-1) to P1-1 (S-1).

Connect a 2-1/2" wire between P1-3 (S-1)
and P3-3 (NS).

—~
S

( ) Connect one end of a 2-1/2" wire to P3-3
(S-2). Leave the other end free, as it will be
connected later,

( ) Connect a 2" wire between P3-5 (NS) and

(

e’

S’

o

)

Connect a =3/4tunire from P1-5 (S-1) to
R1-8 (S-1).

Connect a 3-3/4" wire from P1-6 (S-1) to

lug-2-ef-phonedack-T8=1). Ry pansns
JAc k

Connect one end of a 2-1/2" black test lead

wire to both lugs on M1-T7 and solder both

lugs., The other end will be connected later,

Prepare the following lengths of wire:

4" 3" 2-3/4"
2" 1-1/2" 2-1/4"
2-1/4" 2-1/4" 3-1/2"
2-1/2" 1-1/4"

Connect one end of a 4" wireto R1-11 (S-1),
Leave the other end free, as it will be con-
nected later,

Connect a 2" wire from P2-4 (S-1)toR1-12
(S-l)o

Connect a ,1 ufd Mylar capacitor from P3-5
(NS) to R2-8 (NS).

Connect a 1 MQ precision resistor from
R2-8 (NS) to P3-1 (8-1).

Connect a 2-1/4" wire from lug 2 of control
G (S-1) to lug 1 of control S (S-1).

Connect a 2-1/2" wire from lug 5 of control
G (S-1) to lug 3 of control S (S-1).

Connect the positive (+)lead of 2 10 ufd elec-
trolytic capacitor to lug 2 of control S (NS).
Connect the other lead of this capacitor to
lug 4 of control G (NS),

Connect one end of a 3" wireto lug 2 of con-
trol S (S-2), Leave the other end free, as it
will be connected later,

Refer to Pictorial 10 (fold-out from Page 17)
for the following steps.

( ) Connect a 1-1/2'" wire from R2-11 (S-1) to

P3-2 (S-1),

( ) Connect one end of a 2-1/4" wire to R2-10,

Be sure to place this wire through both lugs
at R2-10 and then solder both lugs, Connect
the other end of this wire to P3-6 (NS),
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( ; Connect a 1-1/4" wire from R2-9 (S-1) to
P3-4 (S-1),

( ) Connect a 2-3/4" wire from R2-7 (S-1) to
P3.7 (8-1).

( ) Connect a 2-1/4" wire from P3-12 (S-1) to
K2-8 (S-1).

( ) Connect a 3-1/2'" wire from P3-10 (S-1) to
K2-9 (S-3).

Refer to Pictorial 11 for the following steps,

( ) Position the circuit board as shown in Pic-
torial 11,

( ) Mount a circuit board mounting bracketatU
on the foil side of the circuit board, Use two
8-32 x 1/4" black screws,

( ) Mount a circuit board mounting bracketatV
on the foil side of the circuitboardand a #6
solder lug at W on the component side of the
board, Use two 6-32 x 1/4" black screws,

( ) Set the circuit board on the circuit board
mounting bracket with the foil side down,
Place a bookor other object under the center
of the circuit board for support,

@ CIRCUIT BOARD
MOUNTING BRACKET

( ) Mount the On-Off Power switch (#63-433) on
the circuit board at N by inserting the lugs
through the holes on ‘the circuit board, Do
not solder at this time,

( ) Similarly, mount the Ohms Range switch
(#63-434) on the circuit board at L. Do not
solder at this time,

( ) Place the subpanel above the circuit board
and line up the switchlugs on switches K, M,
P, and R with their respective holes in the
circuit board,

( ) Lower the subpanel and switches until the
switch lugs pass through the circuit board
and the bushings of switches L and N pass
through the subpanel, Temporarily secure
switches L and N to the subpanel with con-
trol nuts, Do not solder the switches to the
circuit board foil,

( ) Place a large rubber band around the sub-
panel and circuit board tohold the assembly
together until the switch lugs are soldered
in a later step,

b °
)
&

~ ¥

~ ?6-32“/4" SCREW

ﬁ l {BLACK)

CIRCUIT BOARD
MOUNTING BRACKET

PICTORIAL 11
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o
VOA SWITCH

AC-DC SWITCH AC-DC SWITCH
LUG 6 WAFER 3  LUG 8 WAFER 2 LUG 17 WAFER 1
PICTORIAL 12

Refer to Pictorial 12 for the following steps,

( ) Connect the free end of the wire extending
from P3-3 to the hole in the circuit board
labeled "VOA switch, lug 3, wafer 3" (S-1).

( ) Connect the free end of the wire extending
from R1-11 to the hole in the circuit board
labeled "AC-DC switch, lug 11, wafer 1"
(S"l)-

Prepare the following lengths of wire:

1-3/4" 4-1/4" black test lead
1_3/4n 3"
8'1 2"

2" black test lead

( ) Connect a 1-3/4" wire from P3-6 (S-2)to the
hole in the circuit board labeled "VOA
switch, lug 6, wafer 3' (S-1),

( ) Connect a 1-3/4" wire from R2-8 (S-3) tothe
hole in the circuit board labeled "AC-DC
switch, lug 8, wafer 2" (S-1), .

( ) Connect one end of an 8" wiretoR2-5 (S-1),
Form a hook in the other end of this wire
and connect it to the lead of the zener diode
on the circuit board as shown in the inset
drawing, Use only enough heat to solder the
connection,

( ) Place one end of a 2'" black test lead wire
through both lugs at M1-6 and solder both
lugs, Form a hook in the other end of this
wire and connect it tothe lead of the ,2162
precision resistor on the circuit board as
shown in Pictorial 12, Use only enoughheat
to solder the connection,
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() Form a hook in the free end of the black test
lead wire extending from M1-7, Connect and
solder this wire to the end of the ,1 Q pre-
cision resistor as shown in Pictorial12, Use
only enough heat to solder the connection,

(") Connect and solder one end of a 4-1/4"
black test lead wire to the other end of the
.1 © precision resistor, Connect the other
end of this wire to lug 1 of phone jack T (S-1).

( ) Connect a 3" wire from R2-4 (S-1) to P3-5
(8-3).

( ) Connect a 2" wire from R2-1 (S-1) to the
hole in the circuit board labeled "AC-DC
switch, lug 1, wafer 2" (S-1),

( ) Connect the free end of the wire extending
from lug 2 of control S to the hole in the cir-
cuit board labeled "Zero control, lug 2"
(s-1).

Eefer to Pictorial 13 (fold-out from Page 18)
for the following steps.

() Mount a 2000  control (#10-52) at D. Secure
the control by twisting the mounting tabs 1/8
turn,

( ) Mount a 10 KQ control (#10-57) at E. Secure
the control by twisting the mounting tabs 1/8
turn,

{ ) Mount a 10 KQ control (#10-57) at F, Se-
cure the control by twisting the mounting
tabs 1/8 turn.

Connect the wires from breakout #1 of the cable
assembly as follows:

() Either blue to lug 1 of terminal strip H (NS).
) Other blue to lug 2 of terminal strip H (NS).
) Black to lug 4 of control G (S-2).

) Red to lug 3 of control G (S-1).

Connect the wires from breakout #2 of the cable
issembly as follows:

( ) White-red to lug 2 of control F (S-1).

( ) Gray to lug 3 of control F (S-1).

Connect the wires from breakout #4 as follows:
( ) Either orange to lug 2 of control E (S-1),
( ) Other orange to lug 3 of control E (S-1).

Connect the wires from breakout #5 as follows:

( ) Both white-red to lug 2 of control D (S-2).

() Brown to lug 3 of control D (S-1).

Connect the wires from breakout #6 as follows:

() Both black wires to lug 1 of controlC (S-5).

Connect the wires from breakout #7 as follows:

() Violet to lug 3 of control C (S-1).

( ) Green to K2-4 (S5-3).

(-) Strip 1" of insulation from apiece of hookup
wire, Then place this insulation on one lead
of an NE-2H neon lamp,

( ) Connect the insulated lead of the neon lamp
to lug 1 (S-2) and the other lead to lug 2
(S-2) of terminal strip H. Position the body

of the lamp halfway through the hole in the
subpanel,

() Start an 8-32 x 1/4" setscrew in the thumb-
wheel knob as shown in Detail 13A, Install
this knob all the way on the shaft of control
S and tighten the setscrew, Be sure this
knob turns freely and does not rub on the
black stranded wire connected to the phone
jack,

THUMBWHMEEL
KNOB

Detail 13A
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Refer to Pictorial 14 for the following steps,

( ) Connect the free lead of the ,005 ufd disc
capacitor near the transformer to solder
lug W (S-1).

{ ) Mount a side rail on circuit board mounting
bracket V. Use two 6-32 x 1/4" black
screws,

( ) Similarly, mount a side rail on circuit
board mounting bracket U,

( ) Locate the front panel and mount the pilot
lamp lens at J with a speednut,

( ) Install plastic grommets at locations K, L,
M, N, P, and R. See Detail 14A,

{ ) Remove the control nuts from the bushings
of all six switches,

( ) Place a control flat washer over the bushing
of each of the six switches,

( ) Position the front panel on the switch bush-
ings but do not secure the switches at this
time, Be sure the neon pilot lamp slips into
the pilot lamp lens at J,

( ) Slide the bezel over the front panel andinto
position,

( ) Secure the front panel and bezel to the side
rails with two 6-32 x 1/2" screws and a

@ PLASTIC GROMMET

=

/ FRONT PANEL

Detail 14A

@ PLASTIC GROMMET

( ) Secure the front panel to switches K, L, M,
I, P, and R with a control flat washer and
control nut on each switch bushing,

Refer to Pictorial 15 for the following steps,

() "Turn the unit upside down so that it sits on
the switch shafts,

( ) Inspect the circuit board for bends or
warped areas, Straighten the circuit board
-f necessary,

() 3e sure all switch lugs protrude through the
circuit board, Then solder the lugs on all
3ix switches to the circuit board foil,

{ ) Cut the rubber band that was used to hold
“he assembly together, Remove it from the

6-32 x 7/16" spacer stud on each side, assembly,
a% @ ) 5% 8%p
f 2 463-435 563-434 $63-430
0 »
0 e Yos Yo ® ae”
0
@ _
o 8 o s% ¢ 6% %p
4 @ © #63-520 « N £63.431 o © #63-433
) s T n o
@ o %
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PICTORIAL 15
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Detail 16A

EBATTERY HOLDER AND
F.EAR PANEL ASSEMBLY

Refer to Detail 16A for the following steps,

() Cut two 12" lengths of black stranded and
two 12" lengths of red stranded wire,

( ) Refer to the inset drawing on Detail 16A and
install a spade lug on one end of each wire,

( ) Mount a battery spring and the spade lug end
of a black stranded wire inthe minus (-) hole
in a battery holder end, Use a 6-32 x 1/4"
phillips head screw, and a 6-32 nut,

(~ ) Mount the spade lug end of a red stranded
wire in the positive (+) hole in the same
battery holder end, Use a 6-32 x 1/4"
phillips head screw, and a 6-32 nut,

6-32 NUT

BATTERY @

SPRING

|
6-32x1/4"
PHILLIPS
HEAD SCREW

Detail 16B

(- ) Bend the red and black stranded wires back
at a 90 degree angle sotheyfitinto the slots
in the battery holder end,

( ) Locate another batteryholder end and install
a battery spring and the spade lug end of the
remaining black stranded wire, Use a 6-32
x 1/4" phillips head screw, and a 6-32 nut
in the minus (-) hole in the battery holder
end,

( ) Mount the spade lﬁg end of the remaining red
stranded wire to the positive (+) hole inthe
battery holder end, Use a 6-32 x 1/4" phil-
lips head screw, and a 6-32 nut,

Refer to Detail 16B for the following steps,

( ) Place abattery contactor inthe batteryhold-
er end, Secure the battery contactor with a
battery spring, a 6-32 x 1/4" phillips head
screw, and a 6-32 nut in the minus (-) hole,

( ) Similarly, install another battery contactor
in the remaining battery holder end, Use a
battery spring, a 6-32 x 1/4" phillips head
screw, and a 6-32 nut in the minus (-) hole,
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POSITIVE
END (+)

Detail 16C

NOTE: The 2-cell, and the 12-.cell, battery
holders are identical except for their lengths,
Refer to Detail 16C to assemble both battery
aolders.,

() Mount a 6-32 x 5/18" spacer stud on each
end of the 12-cell battery holder case, Use
a #6 lockwasher and a 6-32 nut as shown in
the inset drawing on Detail 16C,

( ) Similarly, install two 6-32 x 5/16" spacer
studs on the 2-cell battery holder, Use #6
lockwashers and 6-32 nuts,

( ) Install one of the battery holder ends without
wires on one end of the 12-cell battery hold-
er, Position the positive (+) end of the bat-
tery holder end as shown,

CAUTION: After you install the batteries in
their holders in the following steps, be careful
that the leads do not short together,

() Insert twelve 1,5 volt C cells in the 12-cell
battery holder, Position the positive (+) end
of the cells as shown in Detail 16C,

() Install one of the battery holder ends with
wires on the open end of the 12-cell battery
holder, Position the positive (+) end of the
battery holder end as shown,

( ) Position the 2-cell battery holder as shown
in Detail 16C,

( ) Install the remaining battery holder end
without wires on one end of the 2-cell bat-
tery holder, Position the positive (+) end of
the battery holder end as shown in Detail
16C,

( .) Insert two 1,5 volt C cells inthe 2-cell bat-
tery holder, Position the positive (+) end of
the cells as shown,

() Install the remaining batteryholder end with
wires on the 2-cell battery holder, Position
the positive (+) end of the batteryholder end
as shown in Detail 16C.
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PICTORIAL 16

Refer to Pictorial 16 for the following steps,

( ) Mount a line cord retainer ineach cornerof
the rear panel, Usetwo #6 x1/4" sheet metal
screws to mount each retainer, Positionthe
retainers as shown in Pictorial 16,

( ) To be sure the spacer studs line up with the
holes in the panel, temporarily hold the
12-cell battery holder, and then the 2-cell
battery holder, in position against the rear
panel, If necessary, loosen and reposition
the spacer studs; then retighten them,

( ) Mount the 12-cell battery holder onthe rear
panel with two 6-32 x 1/4" phillips head
screws, Position the holder as shown,

( ) Mount the 2-cell battery holder on the rear
panel with two 6-32 x 1/4" phillips head
screws, Position the holder as shown,

( ) Mount a 3-lug terminal strip at Y. Use a
6-32 x 1/4" phillips head screw, two #6
lockwashers, and a 6-32 nut as shown,

Refer to Pictorial 17 (fold-out from Page 18)
for the following steps,

( ) Twist the stranded wires on each line cord
12ad, then melt a small amount of solder on
t1e lead end to hold the wire strands togeth-

€r,

( ) Flace the line cord through hole X andcon-
nect the green lead to lug 2 of terminal strip
37 (S—l)-

() Connect either of the other two line cord
lzads to lug 1 (NS) and the other to lug 3
(NS) of terminal strip Y.
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Detail 17A

Refer to Detail 17A and install the proper line cord
strain relief in hole X. The strain relief shown is for the
flat line cord supplied with the kit. If a round line cord
is used, the other strain relief must be used.

Wrap the line cord around the four line cord retainers.

Turn all switch shafts to their full counterclockwise
positions.

Refer to Detail 17B and cut the silicone grease pod as
shown. Apply a small amount of grease over the surface
of each contact of the mercury cell holder.

Apply a small amount of grease over each end of the
mercury cell and install it in the cell holder. The
positive, blunt end has a (+) marking. This end should
be seated in the recess of the cell holder, as shown in
inset drawing #1 of Pictorial 17.

Position the chassis assembly face down in front of the
rear panel as shown.

Detail 178

NOTE: When you connect the battery holder leads in the
next four steps, pass the end of each lead through its hole
from the foil side of the circuit board. Then refer to inset
drawing #2 on Pictorial 17 and flare and solder the end of
each lead on the component side of the circuit board.
Finally, solder each lead on the foil side of the board.

( ) Connect the red lead from the 2-cell battery holder to
the hole in the circuit board labeled “Ohms Batt+ >
S-1).

( ) Connect the black lead from the 2-cell battery holder
to the hole in the circuit board labeled “Ohms Batt-”
(8-1).

( ) Connect the red lead from the 12-cell battery holder to
the hole in the circuit board labeled “Batt Pwr Supply
+”(S-1).

( ) Connect the black lead from the 12-cell battery holder
to the hole in the circuit board labeled“Batt Pwr

Supply-” (8-1).

( ) Remove the backing paper from the 12-cell battery
label and place the label on the rear panel as shown.

( ) Similarly, install the 2-cell battery label.

( ) Attach the blue and white identification label to the
rear panel as shown.

NOTE: The blue and white identification label shows the
Model number and Production Series number of your kit.
Refer to these numbers in any communication with the
Heath Company; this assures you of receiving the most
complete and up-to-date information in return.
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PICTORIAL 18

Refer to Pictorial 18 for the following steps,

() Slide the rear panel into position between the
side rails, Secure both sides of the rear pan-
el to the side rails with 6-32 x 1/4" black
screws and 6-32 x 7/16" spacer studs,

( ) Connect a 4" wire from lug 1 of terminal
strip Y (S-2) to one of the holes in the cir-
cuit board labeled ""Line'" (S-1), Make a
loop in the wire to take up the slack,

( ) Connect a 4" wire from lug 3 of terminal
strip Y (S-2) to the other hole inthe circuit
board labeled "Line' (S-1). Make a loop in
the wire to take up the slack,

Refer to Pictorial 19 for the following steps,

( ) Carefully unpack the meter from its boxand
remove the shorting wire from between the
meter terminals,

( ) Check to be sure the nuts are tight on the
meter terminals, Tighten them, if neces-
sary, by holding the inner nut with long-nose
pliers or a thin open-end wrench while turn~
ing the outer nut,

( ) Mount the meter in the front panel, Use the
lockwashers and nuts supplied with the
meter, Do not overtighten the nuts,

Detail 19A

( ) Refer to Detail 19A and connect the white
cable assembly wire to lug 1 (S-1) and the
yellow wire to lug 2 (S-1) of the meter,

This completes the wiring of the Solid State VOM,
Inspect all connections to be sure they are
soldered, Shake out any wire clippings or solder
splashes, Proceed to the Knob Installation,
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IKNOB INSTALLATION

The knobs supplied with this kit use knob bush-
ings that provide permanent positive gripping
without the use of setscrews,

In the following steps you will install a knob on
cach of the six switch shafts as shown in Picto-
rial 19 and Detail 19B, Perform these steps
carefully since it is very difficult to remove a

knob bushing from a knob once it is fully in-
i3erted,

NOTE: Each knob will be made to align with
particular switch markings, Whenever you re-
‘move a knob, be sure to replace it on the same
switch shaft,

( ) Push aknobbushing part way onto each of the
six switch shafts, Thenturnall switch shafts
to their full counterclockwise position,

( ) At one of the switch locations, line up the
pointer of a knob with the full counterclock-
wise marking on the panel, Then press the
knob slightly onto the knob bushing,

() Turn the knob clockwise to each of the
switch stop positions, Check to see that the
pointer lines up with each panel marking,

SCREWDRIVER A
HANDLE i

<

LARGE U
OPENING S
<}

KNOB
BUSHING

%’/@ cos

POINTER

Detail 19B

SMALL
OPENING
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NOTE: Perform the next three steps only if the
pointer does not line up at each switch marking,

1, ( ) Turn the knob pointer to the mid-
position marking on the panel,

2. ( ) Remove the knob from the bushing
and turn it slightly toline up the pointer
with the mid-position marking,

3, ( ) Press the knob slightly onto the knob
bushing, Then turn the knob to each
switch position and recheck the pointer
alignment, If more thana slighterror is
noticed at either end position, repeat
these three steps,

( ) Carefully remove the knob bushing and knob
together,

{ ) Place the knob on a table or other hard sur-
face, then press the knobbushing firmly into
the knob, Use a towel or soft cloth on the
work surface to avoid scratching the knob,

( ) Press the knob and bushing firmly onto the
switch shaft,

( ) Repeat the above Knob Installation steps to
install knobs onthe remaining switch shafts,
Then proceed to the Probe Assembly,

PROBE ASSEMBLY

Refer to Pictorial 20 for the following steps,

{ ) Locate the probe insert insulator, If neces-
sary, remove any "'flash" or sharp edge on
the insert insulator with a file or penknife,

( ) Locate the two small rivets and the re-
maining 1 MQ precision resistor shown
in Detail 20A, Insertthe rivets intothe holes
in the insulator so that the head of each
rivet rests on the small shoulder around
the hole in the insulator, Now turn the in-
sulator over and layitflat onthe workbench,

( ) Cut one resistor leadto 3/8", Bend the other
lead over and cut it flush with thefirst lead
as shown in Detail 20A, Squeeze the leads
together so that they line up with the rivet
holes,

KEEP SOLDER
AWAY FROM EDGE

SHOULDER

REMOVE
FLASH

Detail 20A

( ) Insert the resistor leads into the rivetsand
lightly crimp the rivets with long-nose
pliers or diagonal cutters to holdtheresis-
tor,

NOTI:: Before proceeding further, checkthe po-
sition of the resistor on the insulator, With the
notck in the insulator facing you, the resistor
should be on the left-hand side,

( ) Solder the resistor leads tothe rivets, Make
sure the resistor is square with the insert
insulator and that the solder flows downthe
ivet to holdthe rivet tight against the shoul-
der, NOTE: Keep solder awayfrom the edge
of the insert insulator to provide clearance
for the internal shoulder of the probe center
3ection,

{ ) Refer to Detail 20B and prepare the shielded
cable as shown,

CU™ THE CABLE ACCORDING TO THE DIMENSIONS BELOW,
PRIEPARE EACH END AS SHOWN,

- 1/2" ey DIMENSIONS pea— 1727
. i .
-1 4 1 ’W/:W‘
+ "w'%) g&

e m\
CLIP OFF SHIELD CLOSE T
TO OUTER INSULATION, -

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

TWIST THE SHIELD WIRES INTO ONE STRAND., REMOVE
THZ INNER INSULATION, THEN TIN THE END OF THE
INHER CONDUCTOR. DO NOT TIN THE SHIELD.

SOLDER
%/ .
A
¢ =
%i;”f b TINNING

Detail 20B
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NOTE: In the following steps, take special care
“0 avoid melting or cutting the inner plastic insul-
ation of the shielded cable, When soldering, hold
“he wire with long-nose pliers near the insulation
to conduct the heat away from the plastic insula-
tion,

( ) Wrap the end without the shield around the
curved lead of the resistor and solder as
shown in Detail 26C. Use only enough heat to
cause a good solder connection, being care-
ful not to melt the inner insulation of the
shielded cable,

et

CLIP OFF
SHIELD WIRES

Detail 20C

1/16"x1-8" RIVET

PICTORIAL 20

( ) Refer to Details 20D and 20E for assembly
of the front section of the probe, Check the
probe tip for burrs and, if necessary, re-
move any burrs before assembly, Assemble
the probe tip, the spring, the front section
of the probe body, and the switch lever
as shown,

FLAT 4IDE OF SHAFT ALIGNS
WITH TABS ON FRONT

SECTION AND SWITCH LEVER, TAB

FLAT

@
o—al

Detail 20D
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( ) Push the switch lever flush against the front
section of the probe body so that the small
retaining ring notch in the tip is exposed,
While holding the tip in firmly against the
spring pressure with one hand, usea screw-
driver or penknife to insert the retaining E
washer into the notch in the tip as shown in
Detail 20E, When this E washer is securely
in place, the tip will be locked to the front
section of the probe body.

-
I

Detail 20E

1 MQ

PICTORIAL 20
(Repeat)

Refer to Detail 20F for final assembly of the test
probe,

( ) Pull the switch lever forward against the
spring tension and temporarily insert a
scrap piece of hookup wire between the
switch lever and the front section of the
probe body,

SCRAP
HOOKUP WIRE

Detail 20F
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( ) Slip the center section of the probe body onto
the shielded cable,

( ) Gently pulling the shielded cable from the
back of the center section, align the insert
insulator flush with the front of the center
section, Do not pull the insert insulator all
the way into its final shoulder seat,

( ) Insert the tab on the front section of the
probe body into the notch in the insert insu-
lator, Holding the front section stationary,
screw the center section onto the front sec-
tion, thus pushing the insert insulator down
to its final seat, It is imperative that the
final probe assembly be carried out in this
manner; otherwise, proper connection be-
tween the rivet heads and the front section
of the probe will not be made,

) Remove the scrap hookup wire,

NOTE: If the gap between the front and middle
sections is not considerably less than1/16", the
tab is not properly seated in the notch and the
above steps must be repeated, Also, when prop-
erly assembled, the switch lever will noticeably
"detent”, or drop into place at both extreme
switch positions,

( ) Slip the rear section of the probe onto the
cable and screw it onto the center section,

This completes the assembly of the test probe,
The phone plug and alligator clip will now be
assembled,

( ) Strip 1/2" of insulation from both ends of the
black test lead,

( ) Unscrew the cap from the phone plug,

( ) Insert the test lead cable andthefree end of
the shielded cable through the phone plug
cap.

Detail 20G

( ) Now twist the shield wires of the shielded
cable and the wires at the end of the black
test lead firmly together and melt a small
amount of solder on the combined wires as
shown in Detail 20G, Also melt a small
amount of solder on the inner conducting
wire of the shielded cable, Take care notto
melt the inner insulation,

In the following step, you will connect the prepar-
ed cables to the phone plug as shown in Detail
20G. To avoid overheating the cable insulation,
first apply a film of solder to the phone plug
terminals and heat thoroughly; then hold the
wires to the phone plug and apply just enough
heat to melt the solder,

() Refer to Detail 20G and solder the two twist-
ed wires to the phone plug, Be careful not to
melt or burn the inner plastic insulation of
the shielded cable, Then solder the inner
wire of the shielded cable as shown,
Be sure the phone plug body will still fit
over the wires, Use only enough heat to melt
the solder and make a good connection,

() After the wires have completely cooled,
use pliers to bend the tabs on the phone
plug over lightly to secure the black cable,
Then screw the cap onto the phone plug,

( ) Melt a small amount of solder on the strands
of the free end of the black test lead and
solder it to the alligator clip without the
threaded insert as shown,

This completes the phone plug assembly,
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CALIBRATION

The following steps use a minumum of equipment to
calibrate the DC, Ohms, and AC sections of the Solid State
VOM. If precision standards are available, perform the
following calibration steps first, and then make final touch
up adjustments using the precision standards.

These steps should be performed carefully and accurately,
since this determines the overall accuracy of the VOM. Refer
to Figures 1 (fold-out from Page 35) and 2 while performing
the following steps. If at any time you do not obtain the
results called for in a step, refer to the In Case of Difficulty
section (Page 45) to correct the problem.

DC CALIBRATION

( ) Turn all switches to their maximum counterclockwise
position.

( ) Turn all eontrols on the subpanel to their maximum
counterclockwise position.

( ) Setthe AC-DC Mode switch to DC+.

( ) Tumn the ZERO conirol fully clockwise (toward the
top of the panel) by turning the thumbwheel knob up
until the ball bearings on the rear of the control stop
turning,

( ) Check the zero position of the meter pointer. If the
pointer does not rest directly over the zero marks at
the left end of the meter scales, carefully turn the
Meter Zero Adjust screw while lightly tapping the face

of the meter with your finger.

( ) Connect the line cord plug to an AC outlet (120 volt, if
you wired the Voltmeter for 120 volt operation, or 240
volt if wired for 240 volt operation).

( ) Tum the VOM on by switching the OFF-LINE-BATT
switch to the LINE position.

( ) Very slowly turn the DC BIAS control clockwise until
the meter indicates 0.

( ) Turn the Volis Range switch to the 1.5 position.

( ) Turn the test probe switch to DC and plug the phone
plug into the VOM input jack.

( ) Connect the common (black) test lead to the minus (—)
lead and the tip of the test probe to the positive (+)
lead of the mercury cell holder mounted on the circuit
board.

( ) Adjust the DC CAL control until the meter indicates
1.35 volts on the 1.5 volt DC scale.

( ) Disconnect the test probe and test lead from the
mercury cell holder and clip the test lead to the probe
tip.

NOTE: The intent of the next two steps is to provide an
operating point so that a midscale indication can be reached
on DC+, but not DC--. FET characteristics can vary widely.
Because of this, a suitable DC BIAS setting can be found by
adjusting it for more than midscale on DC+ and less than
midscale on DC—.

( ) Very slowly turn the DC BIAS control clockwise until
the meter indicates approximately 40 to 45 on the 50
DC scale. (Any reading more than 25 is satisfactory.)

( )} Turn the ZERO control thumbknob down until the
meter indicates “0.” Then turn the AC-DC Mode
switch to DC— and continue to turn the ZERO knob
down until the ZERO control is fully
counterclockwise. The meter should now indicate
upscale to approximately 15 to 20 on the 50 DC scale.
(Any reading less than 25 is satisfactory.)

( ) Turn the ZERO knob clockwise (up) again, and adjust

for a zero meter indicaion.

( ) Alternately switch the AC-DC Mode switch between
DC—, and DC+. The meter should remain at zero in
both positions when the zero knob is properly
adjusted. NOTE: There may be a momentary
fluctuation as capacitors charge, but the meter should
then return to zero.
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NOTE: In the following steps, you will recheck
the DC calibration of the VOM,

{ ) Turn the AC-DC MODE switch to the DC+
position and turn the Volts Range switch
to the 1,5 positions,

() Turn the test probe switch to DC.

( ) Connect the common (black) test lead to the
minus (-) lead and the tip of the test probe
to the positive (+) lead of the mercury cell
holder mounted on the circuit board,

() Adjust the DC CAL control until the meter
indicates exactly 1,35 volts on the 1,5 volt
DC scale,

( ) Disconnect the test probe andtestleadfrom
the mercury cell holder,

NOTE: The small red dot at the right-hand end
of the 15 DC scale represents 1,55 volts when

the VOLTS Range switch is in the 1,5 position,
Fully-charged, unused dry cell batteries should
measure 1,55 volts DC, This offers a convenient
way to check DC calibration at any time,

AC CALIBRATION

The AC calibration of your Solid State VOM con-
sists of the following: the AC Bias control adjust-
rent, AC Calibration control adjustment, andthe
adjustment of the AC frequency compensating
trimmmer capacitors, C2 and C4, The AC Bias and
AC Calibration adjustments can be made quite
accurately without special equipment, However,
for rmaximum accuracy, and for the adjustment of
the AC frequency compensating trimmers,an AC
and DC voltmeter, an audio square~wave gener-
ator, and an oscilloscope, will be required,

AC Bias Control Adjustment

{ ) Turn the VOA Function switch tothe VOLTS
position, andthe AC-DC Mode switchtoDC-,

() Turn the VOLTS Range switch to the 5 posi-
tion,
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The next three steps are for an AC Bias adjust-
ment with an accurate DC Voltmeter, If a sep-
arate voltmeter isnot available, omit these three
steps and proceed to AC Bias Control Adjust-
ment, Alternate Method,

1, ( ) Connect the positive test lead of the DC
voltmeter to lug 3 on wafer 2 of VOLTS
Range switch K, See Figure 3,

2. () Connect the negative test lead of the DC
voltmeter to lug 12 on wafer 2 of the
VOLTS Range switch,

3. ( ) Adjust the AC BIAS control (on the sub-
panel) until the meter reads exactly 6
volts, Note that the meter responds
slowly to this adjustment,

AC Bias Control Adjustment, Alternate Method

The next three steps are to be used only if a
separate DC voltmeter is not available, The re-
sults obtained in this adjustment method maynot
be quite as accurate as the results obtained with
a separate DC voltmeter but are well within the
specifications,

1A ( ) Set the Solid State VOM test probe switch
to the DC position; then touch the tip of
the probe to lug 12 on wafer 2 of VOLTS
Range switch K, (See Figure 3,) Care-
fully observe the meter reading on the
5 volt scale,

2A ( ) Change the AC-DC Mode switchtoDC+,
Now touch the tip of the test probe to
lug 3 on wafer 2 of the VOLTS Range

switch and observe the meter reading,

3A ( ) While you hold the test probeonlug 3 on
wafer 2 of the VOLTS Range switch,
adjust the AC BIAS control (onthe sub-
panel) until the meter reads exactly 6
volts more positive than it did when you
touched the probe tolug 12 inaprevious
step, For example, if the readingon lug
12 was -2,5 volts, adjust the AC BIAS
control to produce a reading of +3,5 on
lug 3,

( ) Disconnect the Voltmeter leads, or the test
Erobe, from the lugs of the VOLTS Range
switch,

AC Calibration Control Adjustment

For maximum accuracy in adjusting the AC Cal-
ibration control, an AC voltage of known accuracy
is required, You may wish to use another accu-
rate AC voltmeter to measure the line voltage,
for example, and then use this voltage to cali-
brate your VOM,

WARNING: Use extreme care when measuring
line voltage to prevent personal shock or instru-
ment damage,

( ) Set the VOA Function switch to the VOLTS
position, and the AC-DC Mode switchto AC,

() Set the VOLTS Range switch to the range that
will give approximately a 3/4 scalereading
for your calibrating voltage, For example,
if you use a 120 volt AC line for calibration,
siet the VOLTS Range switch to 150,

( ) Set the test probe switch in the AC-OHMS
position,

( ) Connect the test probe and common lead to
the calibrating voltage,

( ) Adjust the AC CAL control until the meter
indicates the calibrating voltage, If you first
measured the calibrating voltage with an-
other AC voltmeter, adjustthe AC CAL con-
trol until your Solid State VOM indicates
the same voltage,
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{ ) Disconnect the test probe and common lead
from the calibrating voltage,

Frequency Compensating Trimmer Adjustment

This adjustment improves the accuracy of volt-
age measurements athigher frequencies, It com-
pensates for capacitive effects of the probe and
circuits for different AC voltage ranges, An
audio square-wave generator and anoscilloscope
are required to properly adjust the frequency
compensating trimmer capacitors,

NOTE: If an audio square-wave generator andan
oscilloscope are not available, and onlyaverage
accuracy at higher frequencies will satisfy your

needs, set trimmer capacitors C2 and C4 so
their slots are perpendicular (at right angles)to
the front panel, Then, omit the following Fre-
quency Compensating Trimmer Adjustments and
proceed to Ohms Calibration,

Refer to Figure 4 for the following steps,

( ) Connect the input of an oscilloscope to ter-
minal pins A and B on the circuit board,

( ) Be sure the VOM test probe switch is in
the AC-OHMS position,

( ) Connect the VOM test probe and common
test lead to the square-wave output of the
audio generator,



VOLTAGE RANGE SWITCH MA RANGE SWITCH

This switch selects the full scale OHMS RANGE SWIT'H . This switch selects the full scale
voltage range for all voltage meas- This switch selects he multiplier range for milliampere measure-
urements, resistor for ohms measurement, ments.

ZERO CONTROL
This control sets the meter position
to zero on the calibratedzero center
scale, It also adjusts the metertothe

METER ZERO ADJUST SCREW left end zero position,

This screw is adjusted only during
the calibration of the VOM,

AC-DC MODE SWITCH
This switch is used to select the
mode of voltage measurement, Ei-
ther AC, DC+, or DC-.

ON-OFF POWER SWITCH
This switch turns the VOM on
or off, It selects either the line volt-
age or internal battery supply.

VOA FUNCTION SWITCH
This switech selects the measure-
ment function to be made,

FIGURE 1
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Set the VOLTS Range switch to 150 and the
AC-DC Mode switch to AC,

Turn on the VOM, oscilloscope, and gener-
ator,

After a brief warmup, adjust the generator
output for approximately a 10 volt signal at
1 kHz, or atthe frequency you will encounter
the most when you measure AC voltages,

Adjust the oscilloscope to display the wave-
form clearly,

Adjust trimmer capacitor C2 until the wave-
form on the oscilloscope looks like the one
shown in Figure 5, The horizontal lines
should be straight and flat,

Change the VOLTS Range switch to the 50
position, A larger display should now appear
on the oscilloscope.

Adjust the oscilloscope to give a clear dis-
play of the waveform,

Adjust trimmer capacitor C4 until the wave-
form on the oscilloscope is straight and flat,

Repeat the adjustment of C2 in the 150 volt
range, and C4 in the 50 volt range, until the
waveform on the oscilloscope is straight and
flat for both ranges,

Disconnect the square-wave generator and
oscilloscope from the Solid State VOM,

Figure 5

OHMS CALIBRATION

Be sure to zero the meter before you begin the
Ohms Calibration steps, and whenever you pre-
pare to use any function of your Solid State VOM
hereafter, This is done by turning the VOA Func-
tion switch to VOLTS, and the AC-DC Mode
switch successively to DC- and DC+. Then,
adjust the Zero thumbknob so the meter pointer
remains at zero for both positions of the switch,
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( ) Set the test probe switch to AC-OHMS,

( ) Turn the VOA Function switch to Ohms,

{ ) Turn the OHMS Range switch to RX1,

( ) Adjust the OHMS CAL control until the meter
pointer rests directly over the last green
mark at the right-hand end of the OHMS
scale,

( ) Clip the common test lead onto the tip of the
test probe, The meter pointer should now fall
nearly to zero, NOTE: The pointer may not
fall all the wayto zero when the OHMS Range
switch is in the RX1 position, This is due to
the resistance of the test leads, However,
this resistance should not be more than ,2
ohms,

( )} Turn the OHMS Range switch clockwise
through all of its positions, The meter point-
er should indicate "O" for all switch posi-
tions except RX1,

( ) Turn the OHMS Range switch to the RX1
MEG position,

*For more accurate resistance measurements
with the Solid State VOM, develop the habit of
first setting the meter to 0" with the Zero
thumbwheel knob, with the VOA Function switch
set on Volts, Then check the Ohms calibration
by using the 1 MQ resistor that is built into
the test probe, Turn the Ohms range switch
to RX1 Meg, RX100K, and RX10K; the meter
should indicate 1, 10, and 100 for these posi-
tions,

In the next steps you willuse the resistor that is
built into the test probe as a reference resist-
ance,

( ) Set the test probe switch to DC. The meter
pointer should now fall directly over the 1 on
the OHMS scale,

() Turn the OHMS Range switch to RX100K, and
then to RX10K, The pointer should indicate
10 and 100 for these two switch positions,

NOTE: If there is morethana slight error in the
1, 10, and 100 readings obtained in the last three
clockwise positions of the VOLTS Range switch,
set the OHMS CAL control for a compromise
reading between the three positions, Do not
change the Zero adjust thumbknob while making
resistance tests,*

( ) Disconnect the common test lead clip from
the tip of the test probe and turn off the
VoM,

This completes the calibration of your Solid
State VOM, The calibration should be rechecked
after a few weeks of use since it may change
slightly due to aging of the components, Proceed
to the Final Assembly section,
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FINAL ASSEMBLY

Refer to Pictorial 21 for the following steps. ( ) Turn the VOM over and install the other
cabinet shell, Use two 6-32 x 1/4'" phillips
( ) Refer to Detail 21A and place the handle head screws at each end,

strap over the 6-32 stud screws as shown,
Then place an end cap in position on each
end of the side rail and secure them with
decorative screws, Use a penny to tighten
the screws,

( ) Refer to Detail 21B and install aplasticfoot
near each corner onthe bottom cabinet shell,
Remove the paper backing; then press the
foot onto the cabinet shell in the position

( ) In the same manner, install a handle strap - .
shown, A plastic foot canbe moved, if neces-

and two end caps onthe side rail at the other

end of the VOM sary, up to one-half hour after the backing is
' removed, After this, the adhesive perma-
( ) Place one of the cabinet shells over the VOM nently bonds the foot to the cabinet shell,

chassis with the sloping edge toward the
front, Then secure it with two 6-32 x
1/4" phillips head screws at each end as

shown in Pictorial 21, /
—
/

PLASTIC FOOT

‘___PEEL OF F

BACKING

SIDE RAIL

6-32 STUD
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Detail 21A Detail 21B
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OPERATION

The power consumption of the Solid State VOM is
very low and there is no objection toleaving the
instrument on continucusly during the daily work
period rather than turning it off each time a
measurement function is completed, However,
to avoid ohmmeter battery drain, do not leave
the Function switch in the Ohms position longer
than necessary to make resistance measure-
ments,

SAFETY PRECAUTIONS

CAUTION: It is good practice to observe certain
basic rules of operating procedure anytime volt-
age measurements are to be made, Always handle
the test probe by the insulated housing only and do
not touch the exposed tip portion,

When high voltage measurements are goingtobe
made, remove operating power to the unitunder
test before connecting the testleads, If this is not
possible, be careful to avoid accidental contact
with nearby objects which could provide a ground
return path, When working on high voltage cir-
cuits, play safe, Keep one hand in your pocket to
minimize accidental shockhazard, and be sureto
stand on a properly insulated floor or floor cov-
ering,

COMBINATION PROBE

The combination AC-OHMS DC test probe elimi-
nates two of the usual three test jack installa-
tions on the VOM front panel, The probe switch
should be set to AC-OHMS for all AC voltage
measurements, resistance measurements, and
both AC and DC current measurements, The DC
position of the probe switch is used only for DC
voltage measurements, The probe canbe clipped
onto any lead in the circuit, by installing the
alligator clip on the threaded probe tip as shown
in Figure 8,

Figure 6

READING THE METER

The voltage markings on the Range switch refer
to full scale readings on the meter, There are
two AC scales, printed inred, that read0-15 and
0-50. The DC scales are printed in black and
also read 0-15 and 0-50, Two additional DC
scales are calibrated for zero center readings,

To read voltage on the ,15 voit range, read the 15
scale and move the decimal two places to the left,
For example, a meter reading of 6 would indi-
cate an actual measurement of .06 volt, For
the ,5 voltrange, readthe 50 scale, For example,
a meter reading of 30 wouldindicate a measure-
ment of .3 volt,

To read voltage on the 1,5 volt range, read the
15 scale and move the decimal one place to the
left, For example, a meter reading of 8 would
indicate an actual measurement of .8 volt, For
the 5 volt range, readthe 50 scale, For example,
a meter reading of 40 would indicate a measure-
ment cf 4 volts,

On the 15 V range, read the 15 scale directly,
On the 50 V range, read the 50 scale directly,
On the 150 V range, read the 15 scale and move
the decimal one place to the right, For example,
a meter reading of 13 would indicate 130 volts,
On the 500 V range, read the 50 scale and move
the decimal point one place to the right, For
example, a meter reading of 40 would indicate
400 volts, When using the 1500 V range, use
the 15 scale and move the decimal two places
to the right, For example, a meter reading of 12
would indicate 1200 volts,

Milliampere readings are indicated on either the
AC or DC scale, depending upon whether AC or
DC current is being measured, The scales are
read the same as when measuring volts,

Resistance measurements are read on the top
scale, which is lettered in green, The OHMS
Range switch markings are multipliers for the
Ohms scale on the meter, In the RX1 position, the
scale is read directly in ohms, The RX10 posi-
tion indicates that the meter reading is to be
multiplied by 10, or simply place one zeroafter
the meter reading, As an example, suppose you
measured a resistor with the OHMS Range switch
in the RX10 position and the meter reading was
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15, Multiply this reading by 10 (or add one
zero) and know that the actual resistance is 150
ohms, The rest of the OHMS Range switch
positions also show the multiplier to use, An-
other example would be with the OHMS Range
switech in the RX1 Meg position, Here the
meter is read directly in megohms, or the
meter reading multiplied by 1,000,000 (add
six zeros) for the resistance in chms,

CENTER SCALE "0" POSITION

Your Solid State VOM features a convenient,
calibrated zero center scale, See Figure 7, The
front panel ZERO control is used to adjust the
meter pointer for center scale zero deflection,
The two DC zero center scales are calibrated
7.5-0-7,5 and 25-0-25, The 7,5-0-7,5 scale is
used with the .15, 1,5, 15, 150, and 1500 Range
switch positions, and the 25-0-25 scale is used
with the ,5, 5, 50, and 500 Range switch positions,
The scales are read as for normal DC voltage
measurements, except that zero is inthe center,
Center scale can onlybe reached withthe AC-DC
Mode switch in the DC+ position, therefore pos-
itive voltages will deflect the meter to the right
of zero, while negative voltages deflect the meter

to the left,
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The center scale zero will be useful as a null
indicator in discriminator adjustments, for bias
measurements, or in any application where
polarity reversals may occur,
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Figure 7
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DC VOLTAGE MEASUREMENTS

The Solid State VOM has many advantages over
the nonelectronic voltmeter, The greatest advan-
tage is its ability to measure voltages without
significantly loading the circuit being tested,

This characteristic enables the voltage to be
measured accurately, This is especially desir-
able in such high impedance circuits as resist-
ance coupled amplifiers and AVC networks, and
on oscillator grids,

To illustrate this advantage of the Solid State
VOM, assume that a resistance-coupled audio
amplifier with a 500 KQ plate load resistor is
operating from a 100 volt plate source, See
Figure 8,

§500K

500 K

Figure 8

Assuming that the actual plate voltage in this
case is 50 volts, therefore, the tube acts as a
500 KQ resistor, When measuring the plate volt-
age with a conventional 1000 ohms-per-volt
meter on the 100 volt scale, the meter repre-
sents a 100 K@ resistor placed in parallel with
the tube, See Figure 8A,The voltage onthe plate,
as shown on the meter, would then be 14,3 volts,
This large amount of error is caused by the
shunt resistance of the meter,

CIRCUIT UNDER
TEST

/ Sl
500K 500K
10000 /V
METER
oV &g — 100V
14.3v
§5°°K 100K 83K
Figure 8A
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Figure 8B

When the Solid State VOM is used on any DC
voltage scale, the full 11 megohms input resist-
ance is placed in parallel with the tube, See
Figure 8B. A plate voltage of about 49 volts is
then shown on the meter, only 2% lower than the
normal operating voltage, Thus, accurate read-
ings in this instance can be obtained only with a
high resistance device such as the Solid State
VOM-

To measure positive DC voltages, set the VOA
Function switch to volts and the AC-DC Mode
switch to DC+, Connect the common test lead to
the '"cold" (common) side of the voltage, In
transformer-operated equipment, common is
usually the chassis,

Set the Volts Range switch toa range higher than
the voltage to be measured, If the voltageis un-
known, set the VOLTS Range switch to the 1500
volt range, Set the test probe switch to DC, and
touch the tip of the probe to the voltage point, A
meter reading in the upper portion of the meter
scale is easier to read, If the meter does not
read in the upper 2/3 of the meter scale, reduce
the setting of the Volts Range switch,

To measure negative DC voltages, place the AC-
DC Mode switch in the DC- position and make
the measurements as described above,

The voltage ranges provided by the VOM were
selected for the greatest ease in reading andfor
convenience in making voltage measurements,
The low ranges (,15 to 50) will be very handy for
transistor circuits and for bias and filament
voltage measurements, The middle ranges (50
and 150) ranges will most often be used when
checking AC-DC type equipment, The higher

ranges will be used most when measuring B+
voltages in transformer-operated equipment,

AC VOLTAGE MEASUREMENTS

To measure AC voltage with the VOM, set the
VOA Function switch to Volts and the AC-DC
Mode switch to AC, Connect the common leadto
the common or ''cold" side of the voltage to be
measured,

Set the Volts Range switch to a range greater
than the voltage to be measured, if an approxi-
mate voltage is known, If the voltage is complete-
1y unknown, set the Volts Range switch to 1500
V. Then, with the test probe in the AC position,
touch the point in the circuit where the voltage is
to be measured, If the meter moves less than
1/3 of full scale, switch to the next lower range,
The maximum AC voltage that can be safely
measured with your VOM is 1500 volts, and this
limit must not be exceeded,

Almost any type of AC voltage, filament volt-
age, power line voltage, noise voltage, or even
output or gain measuremenis can be made
quickly and accurately with your Solid State
VOM, It is calibrated to read the root-mean-
square (rms) value of a pure sine wave, This
is 70,"% of the peak voltage, When measuring
odd-shaped waveforms (square waves, sawtooth
waves or pulses) the meter reading must be
given special interpretation since meter de-
flection is proportional to the average value
of the input waveform, The complex waveform
in Figure 9, for example, shows a spike (peak)
that may be several times as large as the aver-
age value, Since the spike is of short duration,

SINE COMPLEX
WAVE WAVEFORM

EYV A 2 W PEAK AVERAGE
PEAK 10V RMS VALUE l o TN AVERAGE
- \y \//

SQUARE
WAVE

PEAK RMS

Figure 9
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the average value of the overall waveform is barely affecied.
On the other hand, the square wave would present an rms
value equal to the peak value.

When connecting the VOM to the circuit under test, the
VOM input resistance and input capacitance are effectively
placed in parallel with the voltage source. In some cases, this
can load the circuit and change the actual voltage to be
measured. At low f{requencies, such as the power line
frequencies of 50 or 60 Hz, the effects of capacitance loading
may usually be disregarded. Thus, the load the VOM presents
to the circuit being measured is about the same as a 10
megohm resistor. At higher frequencies, the capacitive
reactance decreases. At 10 kHz for example, it is
approximately 100 KQ. Such a value may seriously affect the
voliage at the point of measurement.

The amount of loading presented by the input capacitance
and resistance of the VOM to the circuit being tested is
determined by the impedance of the circuit being tested. In
low impedance circuits, such as 50 to 600 & no noticeable
error is introduced in the voltage reading through circuit
loading. These circuits will only begin to be loaded at
frequencies that approach the upper limit of the Solid State
VOM’s frequency response.

Remember, as a general rule, that frequency response and
loading may affect the accuracy of your voltage readings.
There will be a resistive loading of 10 megohms regardless of
frequency. The amount of capacitive loading will depend on
the frequency involved. The actual capacitance of the
instrument and the leads may also affect the tuning of low
capacitance resonant circuits.

You should know the values in the circuit under test and the
values of the input resistance and capacitance of the VOM.
This will permit you to make valid readings over a wide range
of impedances within the full frequency response of the
instrument.

The Heathkit Solid State VOM is an extremely sensitive
electronic AC voltmeter and, since the human body picks up
AC when near any AC wires, the meter will indicate this
pickup. Never touch the tip of the probe when the VOLTS
Range switch is set to the lower ranges. Zero should be set
with the probe shorted to the common clip.

RESISTANCE MEASUREMENTS

CAUTION: Do not attempt Lo measure resistance in circuits
to which power is applied. Always turn off the unit under
test and discharge any capacitors in the circuit before making
resistance measurements.

To measure resistance with the VOM, set the VOA Function
switch to OHMS and set the OHMS Range switch fo such a
range that the reading will fall as near mid-scale as possible.
Then connect the common lead to one side of the resistor or
circuit to be measured and touch the test probe to the other
side. Read resistance on the OHMS scale and muitiply the
reading by the proper factor as shown on the OHMS Range
switch setting.

The ohmmeter places a voltage of about 70 millivolts or less
across the test component. This low voltage permits
resistance measurements in solid-state circuits, as it is not
sufficient to cause transistors to conduct and present a shunt
to the circuit. However, diodes or transistors can not be
checked for junction resistance, since the applied voltage is so
low that these devices will not conduet in either direction
and therefore appear to be open.

NOTE: Although a battery is used to measure resistance, the
indication is obtained through the electronic meter circuit;
therefore the VOM must be turned on. Some ohmmeter
battery current is drawn whenever the instrument is turned
on and the VOA Function switch is in the OHMS position.
To save battery life when you are not using the ohmmeter,
NEVER LEAVE THE VOA FUNCTION SWITCH IN THE
OHMS POSITION.

AC-DC CURRENT MEASUREMENTS

Current measurements up to 1500 milliamperes can be made
with the VOM. It is important that the 1 megohm resistor in
the test probe be switched out of the circuit for all current
measurements. Always place the test probe switch in the
AC-Ohms position.

The MA Range switch has two numbers at each of its
positions. The heavier number at each position represents the
amount of current (in milliamperes) that will give a full scale
meter reading at that position. The light numbers show the
amount of resistance the meter circuit adds to the circuit
under test. This feature will enable you to calculate the
actual current in circuits, and compensate for errors due to
meter insertion.
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DC Current

To measure DC current, place the VOA Function
switch in the MA position and turn the AC-DC
Mode switch to DC+, Set the MA Range switch to
the position that indicates a higher full scale
reading than the current you intend to measure,
If you are not sure of the amount of current in
the circuit you intend to measure, set the MA
Range switch to the 1500 position before you con-
nect the test probe and common testleadinto the
circuit,

Connect the common test lead and the test probe
in series with the circuit being tested, The test
probe should be connected to the positive end of
the circuit, and the common test lead to the neg-
ative end of the circuit, Readthe current in mil-
liamperes on the appropriate DC scale, If the
current in the circuit is not sufficient to give at
least 1/4 scale meter reading, turn the MA
Range switch counterclockwise one step ata time
until a good reading is obtained, Use the highest
range that gives a good reading, This will
provide lower insertion resistance and the
reading will be more accurate,

AC Current

AC current measurements are made the same
way as DC measurements, Turn the MA Range
switch to the desired range, Turn the VOA
Function switch to MA and setthe AC-DC switch
tc AC.

Connect the common test lead and the test probe
in series with the test circuit, (Polarity is not
important in AC measurements,) Then read the
current in milliamperes from the proper AC
scale,

ACCURACY

The meter movement is accurate to within +2
percent of full scale, On DC, the %1 percent
accuracy of the divider resistors must also
be considered, resulting in an accuracy within
+3 percent of full scale, On AC, the rectifier
circuit contributes variations which result in
an accuracy of +5 percent of full scale,

The accuracy on the OHMS range depends pri-
marily on the multipliers which are 1% and the
meter movement accuracy, 2%. Because of the
nonlinear OHMS scale, the resulting accuracy
is not readily expressed in a percentage figure,

NOTE: When comparing this instrument with
another voltmeter, consider that the error of
the other instrument may be in the opposite
direction, Therefore, when comparing two in-
struments of 5% accuracy, the total difference
may be 10%. Critical comparisons should only be
made against certified laboratory standards,
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IN CASE OF DIFFICULTY

This section of the Manual is divided into two
parts, The first part, titled General Trouble-
shooting Information, describes what to doabout
any difficulties that may occur right after the
VOM is assembled,

The second part, a Troubleshooting Chart, is
provided to assist in servicing if the General in-
formation does not clear up the problem, or if
difficulties occur after the VOM has been in
operation for some time, This Chart lists a
number of possible difficulties that could arise,
and lists several possible causes,

Before starting any troubleshooting procedure,
try to narrow the problem down to a specific area
by trying the various functions of the VOM,

GENERAL TROUBLESHOOTING INFORMATION

The following paragraphs deal with the types of
difficulties that may show up right after a kit is
assembled, These difficulties are most likelyto
be caused by assembly errors or faulty solder-
ing, These checks will help you locate anyerror
of this type that might have been made,

1. Recheck the wiring, It is frequently helpful
to have a friend check your work, Someone
who is not familiar with the unit maynotice
something consistently overlooked by the
builder,

2, About 90% of the kits that are returned for
repair do not function properly due to poor
connections and soldering, Therefore, many
troubles can be eliminated by reheating all
connections to make sure thattheyare sold-
ered as described in the soldering section of
the Kit Builders Guide,

3. Check the values of the parts, Be sure that
the proper part has been wired into the cir-
cuit, as shown in the pictorial diagrams and
as called out in the wiring instructions, Pay
special attention to resistor values, since
there are many resistors of similar value,
and they are easily interchanged,

4, Check for bits of solder, wire endsor other
foreign matter which may be lodged in the
wiring,

5. Check for solder bridges between circuit
board foils,

6. If, after careful checks, the trouble is still
not located, and another voltmeter is avail-
able, check voltage readings in the circuits
of your VOM against those shown on the
Schematic, NOTE: All voltage readings were
taken with an 11 megohm input voltmeter,
Voltages may vary as much as x20%.

A review of the Circuit Description on Page
51, and a study of the Schematic (fold-out
from Page 63) will also help you locate a
difficulty in the Voltmeter, Refer to the
X-Ray View of the circuit board (fold-out
from Page 58) to help locate parts,

NOTE: In an extreme case where you are unable to resolve a
difficulty, refer to the “Service” section and Warranty of the
“Kit Builders Guide”, and to the “Factory Repair Service”
information on Page 64 of this Manual.
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Troubleshooting Chart

DIFFICULTY POSSIBLE CAUSE

NOTE: Possible causes 1, 2, and 3 would only
cause trouble in the LINE position of the Power
switch,

Power transformer,

Diode D5,

Capacitor C16,

C8 shorted,

Zener diodes D6 or D7 shorted,

Meter coil open,

Transistors Q5 or Q6,

Dead batteries (Batt position of Power
switch only).

Completely inoperative
in either Line or Batt
position of the On-Off
Power switch,

oo«'lc:cn:hww»—n

Zero control has no effect, Transistor Q7.

Zero control R45,

DC Bias conirol R44 and R46 misadjusted,
Capacitor C14 shorted,

Resistor on voltage divider string, R24
through R40, Resistor R41 or R42,

Inaccurate DC readings, DC Calibration control R18 misadjusted,
Probe switch in wrong position,

Wrong value or defective resistor in the
voltage divider string, R24 through R40,

AC inoperative, Transistor Q1,

Diodes D1 through D4,

AC Bias control R6 misadjusted,
Capacitors C1, C7, C9, C10, or Cii,
Resistor in input voltage divider string, R2
through R4,

Resistors in output voltage divider string,
R9 through R11,

Transistors Q2 or Q3,




Page 47
HEATHKIT

DIFFICULTY POSSIBLE CAUSE

Inaccurate AC readings, Probe switch in wrong position,

AC Bias control R6 misadjusted,

AC Calibration control R17 misadjusted,
Resistor in voltage divider network R2
through R4 and R9 through R11 (low fre-
quencies),

Capacitors C2 and C4 misadjusted (high
frequencies).

Ohmmeter inoperative, Probe switch in wrong position,

or inaccurate readings, Ohms calibrate control R20 misadjusted,
Transistor Q4,

Batteries E2 and/or E3 weak,

Resistor R43,

Resistors in voltage divider string, R24
through R40,

Inaccurate milliammeter readings, 1, Probe switch in wrong position,
Resistors in voltage divider string, R24
through R34,

Ohmmeter does not go to If ohmmeter reads less than ,2 Q, this is
zero with leads shorted normal test lead resistance {see Page 37).
on RX1 range, If ohmmeter reads more than 2 Q, refer
to "Ohmmeter inoperative or inaccurate
readings,"
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MAINTENANCE

METER

Because of the delicate nature of the meter move-
ment, no attempt should be made to repair the
meter, Such attempts would automatically void
the standard warranty coverage of the meter
itself,

ELECTROSTATIC CHARGE

The clear plastic meter cover has been treated
to resist an accumulation of static electricity,
However, should a static charge accumulate
through repeated polishing or cleaning of the
meter cover, the pointer will deflect in an
erratic manner, regardless of whether the
instrument is turned off or on, This condition
can be corrected quickly, Apply a small quantity
of liquid dishwashing detergent to a clean, soft
cloth and wipe the surface of the meter cover,
The accumulated electrostatic charge will im-
mediately disappear, It is not necessary to re-
move the cover for this correction,

CHECKING METER COIL CONTINUITY

¥ you suspect the meter coil has failed, you
can check the continuity of the coil with another
ohmmeter as follows, (NOTE: Never check the
continuity of the meter coil directly with another
ohmmeter, The amount of current that would be

drawn would seriously overload and probably
ruin the meter coil,) Always use a limiting re-
sistor with a value of at least 10,000 in series
with the other ohmmeter test leads, The value of
the resistor will depend upon the chmmeter bat-
tery voltage andthe range on which the ohmmeter
is being used, NOTE: If another Heath Solid State
VOM Model IM-25 is available, it canbeused to
check the meter coil directly because of the low
voltage and current used,

TEST LEADS

Because of their constant flexing duringuse, the
test leads are not above suspicion, especially af-
ter the VOM has been in use for several
years, Erratic or improper DC voltage measure-
ments can sometimes be caused by afaultin the
shielded test lead or in the connections in the
test probe or phone plug,

BATTERY REPLACEMENT

In order to replace the 1,5 volt "C" cells,
the 2-cell and 12-cell battery holders must be
removed from the rear panel, Breakage of
the battery holder ends may occur if you at-
tempt to remove them with the battery holder
still in place,

ACCESSORY PROBES

HIGH VOLTAGE TEST PROBE

A high voltage test probe is available from the
Heath Company, This probe will permit the VOM
to measure DC up to 30,000 volts, which covers
the range of flyback power supply voltages com-
monly encountered in TV receivers, This probe
consists of a red molded housing with a black
molded handle, It contains a 2% precision 1090
megohm resistor andprovides a DC range multi-
plication factor of 100 for 11 megohm input
voltmeters,

RF TEST PROBE

An RF test probe is available from the Heath
Company, This probe will permit the VOM
to be used for RF measurements up to 30
volts; its response is substantially flat from
1000 Hz to 100 MHz, A built-in isolating capac-
itor permits a DC voltage range of up to 500
volts, It uses a printed circuit board for easy
assembly and its housing is of polished alumi-
num with polystyrene insulation,
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SPECIFICATIONS

DC VOLTMETER

Nine Ranges....'...................

InletR'eSiStance...b......l'.I.'....O.
Accuracy.........0.............0...

DC MILLIAMMETER

ElevenRangeS......Q....‘l.'........

Insertion Resistance, ¢« e e eooveoseessesos
Accuracy............'......00'0....

AC VOLTMETER

Nine Ranges.........'..............

Input ReSiStal’lce. e e 0000000000060 0s00

Accuracy'.............‘...........
FrequencyReSpOnse................o.

AC MILLIAMMETER

ElevenRangeS...l...‘...l......l...

Insertion Resistance, ¢« e e o e s s ooscceoess
Accuracy. ® & 8 & & 0 8 2 2 6 5 5 6 00 W B s 0 00 s 0 0

OHMMETER

SevenRa’ngeS.I‘....................

0-.15, .5, 1.5, 5, 15, 50, 150, 500, 1500 volts full
scale,

11 megohms on all ranges,

+3% of full scale,

0-,015, ,05, .15, ,5, 1.5, 5,15, 50, 150, 500, 1500
milliamperes full scale,

10 KQ {,015 ma) to .1 £ (1500 ma).

+4% of full scale,

0-.15, .5, 1,5, 5, 15, 50, 150, 500, 1500 volts full
scale,

10 megohm shunted by 175 pf, (Measured at
probe tip,)

+5% full scale,

+2 db, 10 Hz-100 kHz,

0-,015, ,05, .15, .5, 1,5, 5,15, 50, 150, 500, 1500
milliamperes full scale,

10 KQ (,015 ma) to ,1 © (1500 ma).

+5% full scale,

X1 (10 Q center scale), X10, X100, X1K, X10K,
X100K, X1 megohm,
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POWER SUPPLIES

OthCircuito ® 6 ¢ 06 0 5 06 0 0 0 600 0000 000

OhmscirCUitBias..l.................

Amplifiercircuit..l.l.'..........l..
Batteriesl............"....

PowerLine...Q.......'......

GENERAL

PrObe............'..'0...'..'.....

Voltage Dividers, s e e s s e s s oo sosoosscsse
Meter....l.l.....l........0!.00...

Transistor-Diode Complement, « s o s s s s ¢ s 6 »

COIOI‘....I.....D.I'I.Qb........l.l
DimenSionS......l.l..........'.‘...

NetWeightl....l.....'.............

s

3 volts (two C cells),

1,35 volt Mercury cell, NEDA 1100 (Eveready
E1N).

18 volts, from either of the following sources:
Twelve C cells;

120 or 240 volts, 50/60 Hz AC,

AC-OHMS/DC switch in probe, Single jack input
for probe and ground connections, Circuit ground
isolated from cabinet,

1 percent precision resistors,
6', 200 pa, 100 degree movement,

2 - 2N4304 FET transistors,
13- 2N3393 silicon transistors,
- 9,1 volt zener diode,

- 13 volt zener diode.

1N191 erystal diode,
Silicon diode,

T
i

Beige, velvet finish,
13-1/2" long x 6-1/4" deep x 5-1/8" high,

9 Ibs (with batteries installed),

S —

The Heath Company reserves the right to dis-
continue instruments and to change specifica-
tions at any time without incurring any obliga-
tion to incorporate new features in instruments

previously sold,
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CIRCUIT DESCRIPTION

For a more complete understanding of the cir-
cuit, refer to the Schematic Diagram (fold-out
from Page 63) while you read the following
description, Several partial schematicsarealso
provided to help explain individual circuits,

GENERAL

The Solid State VOM, and this Circuit Descrip-
tion, consists of the following five major sec-
tions:

1, Probe,

2, Four input circuits,
3. Amplifier,

4, Output,

5. Power supply,

The left half of the Schematic Diagram shows
the input switching that selects the function,
AC or DC mode, and range for measuring
different values of AC or DC voltage, AC or DC
current, or resistance, The divider and atten-
uvator circuits that are selected by the input
switches determine how much voltage, current,
or resistance, is required at the probe input to
drive the amplifier circuits and deflect the meter
pointer,

The right half of the Schematic shows the am-
plifier circuits, meter rectifier and meter cir-
cuits, and the output sections of the function and
AC-DC mode switches, At the lower right onthe
Schematic are the power supply and regulator
circuits,

As you read this Circuit Description, keep in
mind that the ultimate purpose of the switching,
dividing, and attenuating done in the circuits
shown on the left half of the Schematic is to
provide the proper input voltage (about .15 volt
for full scale meter deflection) to the amplifier
circuits shown on the right half of the Schematic,

Each individual circuit will be described in the
following sections,

PROBE

The combination AC-Ohms/DC probe contains a
switch and 2 one megohm precision resistor,
In the DC position of the switch, the one megohm
resistor, Rl, is connected in series betweenthe
test probe tip and the input jack of the VOM
to reduce the loading of the circuits under test,
In the AC-Ohms position, the switch shorts
resistor R1, eliminating it from the circuit, The
test probe is connected through the input jack
directly to the rotor of the VOA Function switch,

INPUT CIRCUITS
DC Input Circuit (Figure 10)

When the probe, the VOA Function, and the AC-
DC Mode switches are set to measure DC Volts,
the input voltage is applied from the probe to a
voltage divider network that consists of resistors
R24 through R40, From the voltage divider, the
input voltage (or a portion of it) is coupled
through wafer 3 of the Volts Range switch,
through sections of the Mode and Function
switches, and through resistor R42 to transistor
Q7, which is the input of the amplifier, C10 is
connected to B- through wafer 2 of the AC-DC
mode switch, This provides transientprotection
for Q7,

The total resistance of the divider network is
fixed at 10 megohms, If, for example, the Range
switch is in the 1500 position, the resistance be-
tween the tap and ground is 1000 ochms, This is
a ratio of 10,000 to 1, The applied voltage is di-
vided in the same ratio, so that 1500 volts
applied across the divider appears as one ten-
thousandth of 1500, or ,15 volt, at the 1500 tap,

Remember that only .15 volt is required at the
input of the amplifier to produce a full-scale
deflection on the meter, Thus, any applied
voltage of more than .15 volt must be reduced
through the voltage divider network, Operation
of the amplifier and meter circuits will be
described later,
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AC Input Circuit (Figure 11)

In the AC position of the probe, VOA Function,
and AC-DC Mode switches, the AC voltage being
measured is coupled through capacitor C1tothe
AC attenuator circuit, The overall attenuator
consists of an input voltage divider, transistors
Q1, Q2, and Q3, and an output voltage divider.

When the Volts Range switch is in either of the
three lowest positions (,15, .5, or 1,5) the
applied voltage is not attenuated by the input
voltage divider, Rather, it is passed through
wafer 2 of the VOA Function switch, and the
combination of RS and CB8, to the gate of tran-
sistor Q1,

Transistor Q1 is used as a source (S) follower
to provide a high impedance input circuit for the
AC attenuator section of the VOM, This mini-
mizes undue loading on AC circuits being tested,
AC voltages up to 1,5 volts, passed throughtran-
sistor Q1 andcapacitor C9, reach the output volt-
age divider and wafer 2 of the Volts Range switch,

In the ,15 position of the Volts Range switch, the
output voltage divider does not attenuate the
voltage, This is because .15 volt is neededat the
amplifier input (transistor QT7) to give a full-
scale reading on the meter,

In the .5 and 1,5 positions of the Range switch,
only the output voltage divider attenuates the
applied voltage either 3,16 to 1 (10 dB) or 10
to 1 (20 dB). For the 5, 15, and 50 volt posi-
tions of the switch, the input voitage divider
attenuates the voltage 31,6 to 1 (30 dB), and the
output voltage divider either provides no atten-
uation, 3,16 to 1, or 10 to 1 attenuation,

When the Range switch is in the 150, 500, or
1500 volt positions, the input voltage divider
attenuates 1000 to 1 (60 dB). The output voltage
divider again provides either no attenuation,
3.16 to 1, or 10 to 1 attenuation,

The AC Attenuation Chart shows the Voits
Range switch positions, and the amount of
attenuation provided by the input and output
voltage dividers,
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AC ATTENUATION CHART

In this Chart, the Volts Range switch column
lists the voltage that must be applied to the
test probe, in each switch position, to provide
a full-scale indication on the meter,

VOLTS VOLTS

VOLTS | INPUT THROUGH OUTPUT TO

RANGE | DIVIDER TRANSISTOR DIVIDER TRANSISTOR
SWITCH | ATTENUATOR | Q1 (APPROX,)* | ATTENUATION | Q7 (APPROX.,)*
15 0 15 0 .15

5 0 .5 3.16 to 1 .15

1.5 0 1.5 10to 1 .15

5 31,6 to 1 15 0 15

15 31,6to 1 .5 3.16to 1 .15

50 31,6 to 1 1.5 10 to 1 15

150 1000 to 1 15 0 15

500 1000 to 1 .5 3.16 to 1 15

1500 1000 to 1 1.5 10to 1 15

*The voltages tabulated for Q1 and Q7 are
approximate, because the full-scale markings
for the two scales do not coincide, Attenuation

is in steps of 10 dB.

The test probe, cable, and input circuits all
exhibit some capacitive characteristics that
could result ininaccurate meter readings atcer-
tain frequencies, or on certain Volts ranges,
(AC voltages with frequencies up to 100 kHz can
be measured on this VOM.,) Capacitors C2
through C5 are in the input voltage divider cir-
cuit to compensate for these capacitive effects
in the input circuit, Capacitors C2 and C4 are
trimmer capacitors that are adjusted in the 5to
50 and 150 to 1500 volt ranges respectively,

Resistor R5 and transistors Q2 and Q3 (used as
Zener diodes) provide overload protection for
transistor Q1, If the AC voltage at the gate of
Q1 exceeds the 9 volt level determined by the
Zener diode action of Q2 and Q3, these tran-
sistors will conduct on alternate half cycles,
This limits the voltage at the gate of transistor
Q1 and protects it from damage,
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AC-DC TO AC VOLLTMETER CIRCUIT
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@ O
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R25
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Figure 12

Milliampere Input Circuit (Figure 12)

DC or AC current measurements of from ,015
milliampere to 1500 milliampere (1,5 ampere)
can be made with the Solid State VOM, This is
done by passing the current through a resistance
of known value and measuring the voitage drop
across it,

The MA Range switch selects aresistor, or ser-
ies of resistors (R24 through R34) and connects it
across the test probe input, When the test probe
and common leadare connected in series with the
circuit to be tested, current flowing through the

known resistance causes a voltage drop across
it. This voltage drop is measured by the volt-
meter circuit, Figure 12A shows a simplified
example and the application of Ohms Law,

In conjunction with the MA Range resistors, the
DC voltmeter circuit is used for measuring
DC currents, and the AC voltmeter circuit is
used for measuring AC currents, The AC-DC
Mode switch connects either of the volimeter
circuits for AC or DC current measurements,
The test probe switch must be in the AC/OHMS
position when measuring either AC or DC cur-
rent,
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Ohmmeter Input Circuit (Figure 13}

The voltage required to operate the ohmmeter
circuit is supplied by battery E2 through con-
stant current source Q4, To make the explana-
tion of the ohmmeter operation simpler, assume
that the Ohms Range switch is in the RX1 posi-
tion,

Transistor Q4 is biased by 1,35 volt mercury
battery E3 to produce a constant current of
approximately 7 ma through resistor R43, This
7 ma, flowing through resistors R24-R28 (a
total of 10 ), results in approximately ,07
volis across these resistors,

The ,07 volts is then coupled through the OHMS
Range switch to the gate of transistor Q7, which
is the input of the amplifier section, With the
VOA Function switch in the Ohms position, the
Ohms Calibrate control in the amplifier circuit
is adjusted so this voltage that is applied to Q7
causes a full-scale deflection of the meter,

When an external resistance of 10 ohms, for
example, is placed in parallel with R24-R28,
by connecting it between the test probe and
common lead, the resulting resistance of the
circuit is 5 ohms, Since the current is held
constant at ,007 amperes, the voltage drop
across the 5 ohms is ,007 x 5, or ,035 volts,

This is one half the voltage required at Q7 for
full scale meter deflection, so the meter reads
half scale, which is the 10 Q indication,

For other positions of the OHMS Range switch,
resistors are inserted between the ,07 volt
source and the Range switch, Since no current
flows through these resistors without an ex-
ternal resistanece connected, the full ,07 voltsis
applied to transistor Q7 and keeps the Meter at
full scale on all ranges, If the OHMS Range
switch is in the RX1 Meg position, for example,
all resistors from R29 through R40 (a total of
10 megohms) are placed in series with the ,07
volt source and the Range switch, Now, assume
that an external resistance of 10 megohms is
placed between the test probe and common lead,
The 10 megohms of the internal resistors and
the 10 megohms external resistance form a
voltage divider for the ,07 volts, The rotor of
the switch is at the tap of the voltage divider
and is connected to transistor Q7; thus the
voltage applied to Q7 is reduced proportion-
ately, In this case, ,035 volts is applied to
Q7 and causes the meter to read half scale
or 10 (10 megohms),

The internal (standard) resistance is connected
into the circuit in series with the resistance
being measured, The maximum voltage which

B+ >
4 VOLTMETER
CIRCUIT (Q7}
15 _
§ é 50 % E=I5V
TEST PROBE %
T — O—»(2e
CIRCUIT MA %.esagn T
BEING RANGE 500 R=1A
TESTED COMMON % 2 25
.2162n
1500
‘% R24
AN
>

I=%="—,5= .I5A OR IS0 MA

Figure 12A
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could be applied to a test component is approxi-
mately 70 millivolts and the maximum current
through it is approximately 7 milliamperes, This
low voltage and current is a definite advantage
when checking components in a transistor cir-
cuit, since a silicon junction will not begin to
conduct at this low voltage and disrupt the
resistance reading, But, for this reason, for-
ward-to~-reverse resistance ratios in diodes
cannot be measured with this instrument,

Amplifier Circuit (Figure 14)

The heart of the Solid State VOM is the ampli-
fier and output circuit, The input switching and
attenuating that is done in the circuits shown on
the left side of the Schematic provide the cor-
rect voltage to the amplifier section, Whether
AC or DC voltage, resistance, or AC or DC
current is being measured, the meter pointer
is driven by the voltage applied to amplifier
input transistor Q7,

Transistor Q7 is a field effect transistor (FET).
This type of transistor is used because it pro-
vides the high impedance input that keeps it
from loading the input switching and attenuating
circuits, A constant current source, transistor
Q12, is used in place of a resistor in the source
(S) circuit of Q7,

Since the electrical operating characteristics
of FET transistors vary widely from one
transistor to another, resistors R44, R45, R46,
and R47 are used as an adjustable voltage di-
vider network, The dual DC Bias control, R44
and R46, determines the DC voltage range
available to bias the gate of Q7. Zero Set con-
trol R45 is used as a fine adjustment of the gate
bias voltage to provide approximately 4,9 volts
at the base of Q8 for a left end zero indica-
tion on the meter, The Zero Adjust control is
also used to adjust the meter pointer to center
scale zero for plus or minus voltage measure-
ments,

Transistors Q5 and Q6, together with resistor
R42, are used to protect the amplifier circuit
from severe accidental overloads, They ac-
complish this by limiting the input voltage ap-
plied to the gate of Q7 toapproximately,6 volts,
The excess applied voltage is dropped across
resistor R42, Since the source current of
transistor Q7 is held constant by transistor

Q12, voltage variations at the gate of Q7 are
passed to the base of transistor Q8.

Transistors Q8 and Qi1 are connected as a
differential, or balanced, amplifier, The base
of Q11 is kept biased at approximately 4.9
volts by resistors R22 and R23, To balance
the amplifier circuit, 4.9 volts is required at
the base of Q8, This voliage is determined by
the setting of the dual DC Bias control, R44
and R46, and Zero Set control R45,

The amplifier circuit current is governed by
transistor Q13, This transistor acts as a con-
stant current source in the following manner:
Transistors Q14 and Q15 are connected as
series diodes and form a voltage divider with
resistor R48, The voltage at the base of Q13
is determined by the voltage drop across Q14
and Q15 (approximately 1,2 volts) that is caused
by the current through R48, With 1,2 volts on
the base of Q13, its emitter voltage is approxi-
mately .6 volts regardiess of the value of re-
sistor R49, Thus, R49 determines the current
through Q13, A value of 1500 Q for R49 pro-
vides approximately 400 pa through Q13 to
amplifier transistors Q8 and Q11 (200 ia each),

With 4,9 volts on the bases of transistors Q8
and Q11, the 200 pa flowing through their col-
lector-emitter circuits produce equal voltages
of approximately 7 volts at each of these col-
lectors.

If the input voltage at Q7 becomes more positive,
the voltage at the base of Q8 alsobecomes more
positive, This lowers the collector voltage of Q8
and raises the emitter voltage, An emitter-fol-
lower action transfers the increased voltage
through R50 and R51 to the emitter of Ql1,
Since the base of Q11 is a constant 4,9 volts,
the increased emitter voltage has the same
effect on the collector as a decrease in base
voltage, That is, the collector voltage is de-
creased, Thus, an unbalanced, or differential
voltage exists between the collectors of Q8
and Q11, The difference voltage is direct-
coupled to the bases of output transistors Q9
and Q10,

OUTPUT CIRCUIT (Figure 15)

For DC measurements, the meter is connected
directly to the emitters of emitter follower
transistors Q9 and Q10, Since the bases of Q9
and Q10 are directly coupled to the collectors



HE.A.TI—IKIT‘

Page 57

of Q8 and Ql11, the voltage changes at the
collectors of Q8 and Q11 are coupled to the
meter terminals, Therefore, when a positive
voltage is applied to the amplifier, the emitter
voltage of output transistor Q9 decreases, while
the emitter voltage of transistor Q10 increases,
With the meter connected through the VOA
Function switch and the AC-DC Mode switch to
the emitters of Q9 and Q10, the meter deflects
upscale to indicate the test voltage applied to
the probe at the input of the VOM, The amount
of voltage required to deflect the meter the
proper amount is adjusted by DC calibration
control R18,

When the AC voltage measurement function
of the VOM is used, the output voltage at the
emitter Q9 and Q10 is an AC voltage. Before
the meter can indicate this voltage, it must
be rectified to produce a DC voltage, Therecti-
fication process is done by diodes D1, D2, D3,
and D4, These diodes are connected as a bridge
rectifier with the meter connected across the
output of the bridge, The amount of meter de-
flection required to represent the AC voltage

TTO B+

applied at the input of the VOM is adjusted by
AC Calibration control R17,

The Ohmmeter measurement function of the VOM
applies a DC voltage to the base of Q8, There-
fore, the circuit reaction of the amplifier and
output circuits remains the same as when
measuring a DC voitage, The amount of meter
deflection required to represent a specific
resistance is determined by the adjustment of
Ohmmeter Calibration control R20,

POWER SUPPLY

Either of two separate power supplies can be
selected with the On-Off Power switch, In the
Line position, the power supply uses a dual-
primary transformer for operation from either
120 volts or 240 volts, 50-60 Hz, A silicon diode
is used in a half-wave rectifier circuit to supply
B+ to the VOM, The B+ supply is regulated
by two zener diodes to approximately 9 volts,
In the Batt position of the On-Off Power switch,
a DC supply, consisting of twelve 1-1/2 volt C
cells, is connected for portable operation,
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CHASSIS PHOTOGRAPHS
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REPLACEMENT PARTS PRICE LIST

PART PRICE DESCRIPTION

PART PRICE DESCRIPTION

No., Each No, Each
RESISTORS Other
21-72 .20 005 ufd disc
‘1/ g Watt 0 1008 23-60 35 .01 ufd tubular
1'4 ‘10 330 Q 27-47 15 .1 pfd Mylar
1' 8 '1 0 820 O 25-54 .40 10 pfd electrolytic
1'11 '10 1500 © 25-131 .90 250 ufd electrolytic
1:20 '10 10 KQ 31-30 1,05 1,5-7 pf trimmer
191 ‘10 15 KQ 31-27 .85 8-50 pf trimmer
1-69 .10 18 K
1-22 .10 22 K@ CONTROLS-SWITCHES
1-23 .10 27 KQ
1.67 .10 39 K@ 10-52 .40 2000 © tab mount control
1-25 10 47 KQ 10-57 .35 10 KQ tab mount control
1-26 10 100 KQ 10-60 .35 500 KQ tab mount control
1-31 .10 330 KQ 10-158 1,15 1000 Q control
1-32 .10 390 KQ 12-80 1.65 50 KQ dual tandem control
Precision 1% 63-430 3.85 9-position, 3-wafer switch
2.94 2,10 A9 (Volts Range)
9.996 210 2162 Q 63-431 5,00 3-position, 4-wafer switch
. ° {VOA Function)
2-225 ) .6838 Q . .
9-994 50 2162 Q 83-520 4,20 3-position, 3-wafer switch
. . AC-DC Mode)
2-223 50 6,838 @ (AC-DC .
2.919 40 21.62 O 63-433 2,45 3-position, 1-wafer switch
- . * On-Off Power)
2-23 25  68.38 (On-off .
995 20 216.2 Q 63-434 2.10 T-position, 1-wafer switch
- . * (Ohms Range)
2-28 .20 683,8 @ e .
9.58 20 1000 § (1 K9) 63-435 2,90 11-position, 1-wafer switch
- . (MA Range)
2-31 .20 2162 9 (2,162 KQ)

2-220 .35 3162 @ (3,162 KQ) _
533 20 6838 © (6,838 KQ) DIODES-TRANSISTORS
2-50 20 10 KQ 57-27 .60  Silicon diode
2-39 .20 21,62 KQ 56-46 5.30 8.1 volt zener diode
2-40 20 68,38 KQ 56-32 1,50 13 volt zener diode
2-42 20 216,2 KQ 56-26 .30  1N191 crystal diode
2-222 .40 3062 K 417-118 55  2N3393 transistor
2-45 20 683,8 KQ 417-140 1,50  2N4304 transistor
2-14 .20 1 MQ
2-146 25 2.162 MQ
2-147 40 6,838 MQ
2-221 .80  9,6838 MQ METAL PARTS
2-117 40 10 MQ

90-346-2 3.35 Cabinet half shell

203-472-1 1.55 Front panel
CAPACITORS 203-473-1 1.45  Rear panel
Mica 203-474-1 .90 Subpanel
20-102 .15 100 pf 204-759-1 .20 End cap bracket
20-108 .30 200 pf 204-760-1 .65 Side rail bracket
20-113 .30 470 pf 204-761 .15 Circuit board mounting
20-107 .40 680 pf bracket
20-122 .30 1000 pf 210-34 4.35 Front panel bezel
20-75 .70 5000 pf 469-13 .10 Battery contactor



Page 61

HEATI—IKIT
PART PRICE DESCRIPTION PART PRICE DESCRIPTION
No, Each No, Each

WIRE Miscellaneous {cont'd.)

89-23 .80 Line cord 261-28 .10 Plastic foot

134-150 1,30  Cable assembly 261-30 .10 Line cord retainer

341-1 .05/ft Black test lead 262-8 .05 Terminal pin

343-11-1 ,05/ft Shielded test lead 352-13 .15 Silicone grease

344-15 .05/ft Black stranded wire 407-117 10.10 200 microampere meter

344-16 .05/ft Red stranded wire 412-15 15 Neon lamp

344-59 .05/t Hookup wire 413-10 .10 Pilot lamp lens
418-10 1.30 Mercury cell

#6 HARDWARE 431-2 .10 2-lug terminal strip

250-162 .05  6-32 X 1/2" screw a0 Ay 3-lug terminal strip

250-365 .05  #6x 1/4" sheet metal screw .00 2 Lpone Mo

250-116 .05  6-32 x 1/4" screw (black) "0 T8 pORE P UE

260-229 .05  6-32 x 1/4" phillips screw 070 o o) &

250-808325,28.25 6-32 decorative screw 469256 "85 Thumbwheel knob

250-304 15 6-32 x 7/16" spacer stud 439-97 '40 Line cord adanter

250-305 ,15  6-32 x 5/16" spacer stud . P
490-5 .10 Nut starter

252-3 .05  6-32 nut 3916 15 Solir

ggg'i 'gg ig lockwasher 390-181 .15  12-cell battery label

- . solder lug
959-11 05 Spade Iu 390-182 .10 2-cell battery label
* P g 2.00 Manual (See front cover for

OTHER HARDWARE

250-34 .05
250-43 .05
252-15 .05
252-7 .05
253-10 .05
254-9 .05
254-4 .05
255-29 .05
252-73 .05
MISCELLANEOQUS
54-177 2,55
73-21 10
75-30 .10
75-11 .10
85-169-1 5,00
211-32 .30
214-21 .50
214-31 «30
214-44 1,25
214-45 .90
258-30 .05
260-1 15
260-51 .20

4.40 x 1/2" screw
8-32 x 1/4" setscrew
4-40 nut

Control nut

Control flat washer
#4 lockwasher
Control lockwasher
#4 spacer

Speednut

Power transformer

Plastic grommet (2 halves)
Line cord strain relief

(for round cord)

Line cord strain relief

(for flat cord)

Circuit board

Handle

Mercury cell holder
Battery holder end

12-cell battery holder case
2-cell battery holder case
Battery contact spring
Alligator clip

Alligator clip with threaded
insert

part number. )

To order parts, use the Parts Order Form fur-
nished with this kit, If Parts Order Form is not
available, refer to Replacement Parts in the Kit
Builders Guide,

A factory-wired and tested replacement probe
assembly, Model PKW-4, is available from
Heath Company at $4,95 plus postage, Due to
the cost of handling, the replacement probe
assembly is not available in kit form,

The above prices apply only on purchases from the Heath
Company where shipment is to a U.S.A. destination. Add
10% (minimum 25 cents) to the price when ordering from a
Heathkit Electronic Center to cover local sales tax, postage
and handling. Outside the U.S.A. parts and service are
available from your local Heathkit source and will reflect
additional transportation, taxes, duties and rates of exchange.
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FUNCTIONAL

R1 - 1 megohm 1% in probe for isolation - used
only when measuring DC volts, Shorted out by
probe switch for all other functions,

R2, R3, R4 - Input divider in AC Section - divides
input voltage so that no more than 1,5 volts
appears on gate of source follower Q1,

R5 - Current limiter for protection of Q1
(with Q2, Q3).

R6, RT - Voltage divider across power supply -
supplies correct bias to gate of Q1 - adjust
R6 to produce 6 volt drop across RS,

R8 - Source resistor of AC input stage Ql,

R9, R10, R11 - Output divider in AC section -
divides output voltage of Q1 sothatnomore than
150 mv appears on gate of source follower Q7,
Works in conjunction with input divider to give
9 voltage ranges,

R12, R13 - Voltage divider across power supply -
supplies correct voltage to base of Q12,

R14 - Emitter resistor Q12 - sets current
through Q12 and hence through Q7,

R15, R21 - Collector (load) resistorsof Q8, Q11,

R16, R19 - Emitter (load) resistors of Output
stage Q9, Q10,

R17 - Adjustable series resistance for meter
calibration (AC),

R18 ~ Adjustable series resistance for meter
calibration (DC),

R20 - Adjustable series resistance for meter
calibration (ohms),

R22, R23 - Voltage divider across power supply
- provides proper bias voltage to base of Q11,

R24-R40 - DC voltage divider from R32to R40 -
Ohms divider from R24 to R40, milliamp di-
vider from R24 to R34,

PARTS LIST

R41 - Maintains DC bias on gate of Q7 during
AC operation - also provides voltage division
for milliammeter circuit,

R42 - Forms overload protection circuit with
Q5, Q6 - provides voltage division for milli-
ammeter circuit - series current limiting re-
gistor in gate of Q7 - maintains DC bias on
gate of Q7 during AC operation,

R43 - Emitter resistor of Q4 - sets current
through Q4 and hence supply voltage and/or cur-
rent for chms circuit,

R44-R47 - Voltage divider across power sup-
ply - supplies correct bias to gate of Q7 -
adjust for proper zero of meter, R45 is Front
Panel Zero Control,

R48 - Forms voltage divider with Q14, Q15 to
supply bias voltage to base of Q13,

R49 - Emitter resistor of Q13 - sets current
through Q13 and hence through Q8, Q11,

R50, R51 - Emitter resistors of Q8, Qil,
R52, R53 - Series dropping resistors in power

supply - adjust current through zener diodes
b6, D7,

R54 - Current limiter for pilot light,

C1 - Input coupling capacitor - couples input
signal to input AC divider R2-R4,

C2-C5 - Frequency compensation capacitors
on input divider - adjust C2, C4 by application
of square wave (1 kHz) to input readout with
scope connected to output emitters (Q9, Q10),

C6 - Bypass capacitor across R5 - prevents
loss of signal across R5 at higher frequencies,

C7 - Bypass capacitor provides "AC ground" to
bottom of AC input divider,

C8 - Power Supply Bypass (filter) - shorts
out test frequency signal on B+ line,
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C9 - Coupling capacitor - couples signal at
source of Q1 to output divider,

C10 - Coupling capacitor - couples signal at
output of output divider to gate of Q7,

C11 - Compensates for losses in diode bridge
at higher frequency.

C12 - Compensates for losses in base of Q11
at higher frequency,

C13 - Bypass capacitor - provides "AC ground”
to ohms power supply - minimizes hum pickup
during ohms measurement,

C14 - Bypass capacitor provides "AC ground"
(hum reduction) to bottom of DC divider,

C15 - Compensates for losses across R50-R51
at higher frequency,

C16 - Power Supply charging capacitor - acts
in conjunction with D5 to provide DC power
supply,

C17 - "Grounding'" capacitor - connects B- to
meter cabinet,

D1-D4 - Bridge Rectifier - used for AC meas-
urements to convert amplified signal to DC.

D5 - Power Supply Diode (rectifier) acts in
conjunction with C186 to provide DC power sup-

ply.

D6 - Zener Diode - regulates output of power supply to 13
volts.

D7 - Zener Diode - regulates output of 13 volt diode to 9
volts.

Q1 - AC input source follower - provides
isolation between input divider (R2-R4) and
output divider (R9-R11) - provides high in-
put impedance - low output impedance - forms
integral part of AC divider system,

Q2, Q3 - Connected as back-to-back 9 volt
zener protection diodes -~ when voltage at
gate of Q1 exceeds 9 V (either polarity) con-
duction occurs through proper diode creating
voltage drop across R5, Current limiting action
of R5 provides some degree of protection to
QZ, Q30

Q4 - Constant current source for chms circuit,

Q5, Q6 - Protection diodes (with R42) simi-
lar action to Q2, Q3 above - base-emitter con-
nection used here to limit at ,65 volts,

Q7 - DC input source follower - provides iso-
lation between input divider (R24-R40) and
amplifier circuit - provides high input imped-
ance, low output impedance, Provides base
bias to Q8, Couples AC input to amplifier cir-
cuit without loading divider R9-R11,

Q8, Q11 - Differential amplifier (balanced
amplifier, long-tailed pair, ete,) provides suf-
ficient gain to operate 200 pa meter,

Q9, Q10 - Emitter follower output stage -
provides isolation between amplifier and me-
ter to prevent loading on amplifier,

Q12 ~ Constant current source supplying input
FET Q7,

Q13 - Constant current source supplying am-
plifier transistors Q8, Q11,

Q14, Q15 - Connected as part of voltage divider
(with R48) to supply base voltage to Q13 -
used for temperature compensation of Q13,
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SCHEMATIC OF THE
HEATHKIT®
SOLID STATE VOM
MODEL IM-25

VOA
FUNCTION
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WAFER 2

ALL RESISTORS ARE 1/2 WATT UNLESS MARKED OTHERWISE. RESISTOR VALUES
= 1000, MEG = 1,000,000).

ALL CAPACITOR VALUES ARE IN ;:fd UNLESS MARKED OTHERWISE.

C O THIS SYMBOL INDICATES A POSITIVE DC VOLTAGE MEASUREMENT, TAKEN

WITH AN 11 MEGOHM VTVM, FROM THE POINT INDICATED TO B-.
VOLTAGES MAY VARY +20%.

>k 3K VOL TAGE DEPENDS UPON SETTING OF CONTROL RS,

AS VIEWED FROM THE KNOB END OF THE SHAFT.

®

ARROWS INDICATE CLOCKWISE ROTATION OF KNOSB,

PHYSICAL LOCATION OF PARTS.

VOLTAGES MEASURED WITH POWER SWITCH AT LINE OR SATT, AND VOA FUNCTION
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FACTORY REPAIR SERVICE

You can return your completed kit to the Heath
Company Service Department tohave it repaired
for a minimum service fee, {(Kits that have been
modified will not be accepted for repair,} If you
wish, you can deliver your kit to anearby Heath
Authorized Service Center, These centers are
listed in your Heathkit catalog,

To be eligible for replacement parts under the
terms of the warranty, equipment returned for
factory repair service, or delivered to a Heath
Authorized Service Center, must be accompanied
by the invoice or the sales slip, or a copy of
either, If you send the original invoice or sales
slip, it will be returned to you,

If it is not convenient to deliver your kit to a
Heath Authorized Service Center, please ship it
to the factory at Benton Harbor, Michigan and
follow the following shipping instructions:

Prepare a letter in duplicate, containing the
following information:

e Your name and return address,

e Date of purchase,

o A brief description of the difficulty,

e The invoice or sales slip, or a copy of
either,

e Your authorization to ship the repaired
unit back to you C,O,D, for the service
and shipping charges, plus the cost of
parts not covered by the warranty,

Attach the envelope containing one copy of
this letter directly to the unit before pack-
aging, so that we do not overlook this impor-
tant information, Send the second copy of the
letter by separate mail to Heath Company,
Attention: Service Department, Benton Harbor,
Michigan,

Check the equipment to see that all parts and
screws are in place, (Do not include wooden
cabinets when shipping receivers, tuners, am-
plifiers, or TV sets, as these are easily
damaged in shipment,} Then, wrap the equip-
ment in heavy paper, Place the equipment in
a strong carton, and put at least THREE
INCHES of resilient packing material (shredded
paper, excelsior, etc,) on all sides, between
the equipment and the carton, Seal the carton
with gummed paper tape, and tie it with a
strong cord, Ship it by prepaid express, United
Parcel Service, or insured parcel post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022



