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INTRODUCTION

The Heathkit Model TH-17 Utitity Solid-Sle Voltmeter i 2
eompacl, battery-powered voliolunmeter, It is accuralc andd
casy to operale. The copolymer == (with probe slurage
compartment) makes the meter especially sditabic for serave
ralls, asa 'Portahlr instrument for wee in the Geld, sad for
penerul  ofilily uso. lts simplicily makes it an ideal
curEtmaetion projeck for the noviee m electronids.

The hirh fnput resistance of the Voltmeter
on DC voltage ranges places very little loading
on a elreult belny tested, The 1 2-position selec-
tor gwiteh provides four separate ranges each for
DC voltage, AT voltage, and resistance meas-
urements, A DC polarity switch allows up-
geale readings for either positive or negative

voltages without the need of reversing (st leads,
The laree 4-1/2 inch meter has four easy-to-
read scales, An accessory jack pormifs you to
use the Heathkit high voltage and RF accessory
probes,

Al these features combine to provide a versatile,
accurate, and attractive test instrument that 15
dezigned for long and dependable serviee at mini-
mum ¢ost,

Befer to the "Kit Bullders Guide™ for complete
information on unpacking, parts identification,
tonls, wiring, soldering, and step-br-step as-
scmbly procedires,

PARTS LIST

The numbers in parentheses arc Koyed to the
pumbers on the Parts Pictorizl (fold-oul from

Page 1],
PART PARTS DESCRIPTION

Mo, Per Kit
RESISTORS
1/2 Watt
{1)1-41 1 10 0 (brown-black-black)

1-20 2 10 k0 (brown-black-orange)

1-22 2 22 k2 (red-red-orange)

1-24 1 33 k0 {orange-orange-
orange)

1-35 1 1 megohm (brown-black-
green)

1-38 2 3.3 megohm (oTange-
OTaAngE-greet)

Tu wrder replacement parts, efer tn the Replacement Paris
e Tisd and nse the Part= Ovder Form furnished wilh (his
kit

PART PARTS DESCRIPTION

Mo, Por Bt
2 Watt
(2} 3-4.2 1 9.1 0 5% (white-brown-gold-
gold)
Frecision

NOTE: These may vary somewhat in appearance
[romm the illustration,

(3)2-236 1 990 0
2.95 1 D000 £ (9 k)
2-41 1 20 kD
2-04 1 200 k0
2-51 1 400 k0
2-237 1 1.8 megohm
2-32 1 f megohm
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PART PARTS DESCRIPTION

No,

Per Kit

CAPACITORS

Disc
(4)21-27

Tubular
(5)23.01
{8)23-861

1

1

L05 uF

047 pF (1,6 kKV)
L5 uF

CONTROLS-SWITCHES

(Tj10-201
(8)10-229
10-T8
(8)12-80
(10B0-2
(11}60-20
(12}63-473

e e e e B

10 k2 control

2000 O control (2 ki)

15 k2 cantral

50 kR dual tandem control
G-1ug =2lide switeh

B-lug slide switch
12-position rotary switch

TRANSISTORS-DIODES

(13)417-118

(14)417-140
(15)57-27

4

1
1

2N3393 transistor

{or equivalent)

FET (field effect transistor)
Silicon dipde

SHIELDED CABLE-WIRE

343-11
3411
341.2
344.50
4452
344.50

el el ek ek b

HARDWARE

(16)250-52
(17)254.0
(18)252.2
(19)250-220

{20)253-10
{21)254-4
(22)252-7

2]
B
B
4
4
3
4

Shielded cable
Blarck test lead
Red test Jead
Blaek hoolup wire
Red hookup wire
White hoolup wire

4.40 x 1/4" screw

£4 lockwasher

440 nut

8-32 x 1/4"™ phillips head
serow

Control flat washer

Control lockwasher

Control nut

FART PARTS DESCRIPTION

N,

Per EKit

MISCELLANEDUS

(23)73-46 3 Plastic grommet
{24)214-88 b 1,6 V batterv holder
{25)214-87 1 8,4 ¥V battery holder
(26)260-1 1 Alligator clip
(2T}436-35 1 Phone jack

439-1 1 Red test probe

4359-2 1 Black test probe
(28)455-50 1 Knob bushing
(291482252 1 Pointer knob

407-129 1 Meter

B5-197-1 1 Circult board
(30)203-701 1 Pane]

95-35 1 Plastic case
(311490-5 1 Nut starter

390-308 1 Model number label

391-34 1 Blue and white label

5872680 1 Parts order form

597-308 1 Kit Bullders Guide

1 Mamual (8ee front cover for
part number,)
Salder
BATTERIES

1

The following batteries should be purchased at
this time for use in the completed kat:

C-cell flashlight battery, (NEDA 14).
1*- 8.4 volt mercury battery,
#1611 M),

*Representative manufacturers and their type
numibers are:

Burgess  HI285 Rav-0=Vac 16110
Eveready E126 RCA vsaza
Mallory  TRI128 | Silvertone (Sears) R&422

In an emergency o Yvolt zine carbon hatterv{also NED.A.
#1611y com be uzed but the result will be short battery Tife,
=xeessive “nero” drift, and possible battery contact probilems.
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STEP-BY-STEP ASSEMBLY

Before starting to assemble this kit, read the
Kit Builders Guide for complete information

on tools, wiring, eoldering, and Step-By-Btep
Azzembly procedures,

NOTE: The illustrations in the Step-By-Step
Assembly section of the Manual are called Ple-
torials and Details, Pictorials show the overall
operation for a group of assembly steps; Detalls
are used in additlon to the Pictorials, usuallyto
fllustrate a single step, When you are directed
to refer to a certaln Pictorial “for the following
steps,” continue using that Pictorial untll you
are referrod to another Pictorial for another
group of stcps,

ROTARY SWITCH PREWIRING

Eefer to Pictorizl 1 for the following steps,
Note that the two views are of opposite sides of
the switch,

NOTE: As illustrated In Detail 1A, a svatem of
letters and numbers is used to identify the
rotary switch lups in the following steps, For
example: A4 refers to wafer A, lug 4 of the
waler, Waler A 18 nearest the knob end of the
switch, Note the position of the locating tab in
relation to the numbering of the switeh lugs,
Walerzs © and D bave the same numbering system
but are not illustrated,

LB aTIMNG Tam

WAFER A

(WIEWED FEOW
fH&r T Zxo]

Detail 1A

Connect one end of each of the following white
wires to the rotary switeh, Unless the step di=
rects otherwise, leave the other end of each wire
free, o be connected later, Be sure Lo podition
the free ends of the wires as shown,

When wirlng thiz kEit, you will be instructed to
prepare the lengths of wire ahead of time, as in
the next step, To prepare a wire, cut it to the
indicated length and remove 1/4" of insulation
from each end, The wireg are listed inthe order
in which they will be used,

{ "T Prepare the following lengths of white hook-
up wire (2 length scale 18 provided on the
fold-out from Page 17).

1_ Llll'zﬂ 1_3#‘ B

1-1/47 1-3/4"

1-3/4" 2_1/4"

Ell E:q

WIRE FROM T

LENGTH SWITCH

LUG

(¥ 1-1/2" C5 (8-1) Not connected,
{=} 1-1/4" C2 (3-1) Not connected.
{#1 1-3/4" Bé (3-1) Not connected,
(+7 2r B3 (NS) Not connected,
(¥} 1-3/4" B3 (5-2)  Bil (8-1).
( 7 1-3/4" B2 (5-1) Not conneeted,
{ ”f 2-1/4" AB (M8} Hot connected,
[ of 2v A2 (8-1)  AB (S-2),

{ *J Inspect all wires top make sure they are
ot touching any part of the switch mecha-
nism except the terminals to which they
are soldered,
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CAhTHODE
END OF 1,78

' q'_ ciooE I/’/i-"*'

PICTORIAL 1

(¥} Prepare the following lengths of white

hookup wire:

1-3/4" 2-3/9"
1-- 2-3;"“
I-3/4" 2-1/2"
2-1/2"

Connect on¢ end of each of the following white
wires to the rotary switch, Leave the other
énd free to be connected later unless the step
directz otherwise, Pogition the ends as shown,

WIRE FROM TO
LENGTH SWITCH
LUG Kt

( 1-3/4" C10 (NS) Nat connected,
{ar1 C7 (8-1) DE (S-1).
{ #r1-3/4" BT (8-1) Not connected,
{ #F2-1/2 Al12 (S-1)  Not connected.
{ s 2-8/4" ApD (3-1) Not connected,
(&Y 2-3/4" Ag {8-1) Not connected,
[ F}/E‘-lfﬂ" AT (8-1) Mot connected,

ir’{ Connect a 3.2 megohm {(orange-orange-
green) resistor between lug C8 (5-1) and
lug C10 (NS} of the rotary switch,

NOTE: Refer to Detail 1B to identify the cathode
lead of the zillcon diode to be installed in the
next gtep,

NOEE: RIUBES MAY DE ZUPPLIED TN ANY DF THE FOLLOW
ING SHAPFS  THE CATHRODF FRO OF THE GIODL 15 MARKED
WITH & BANE OR S4KIS ALWAYS POSITION THIS END AS
SHOBN |K THE PICIORdIAL

BAND 1HH BaNDE

Detail 1B

( #¥ Conneet the cathode lead of the silicon diode
to Iug C10 {8-3) and the other lead to lug
€12 (5-1) of the rotary switch,

{ #¥ Bend hags 1V and D10 dighily up toward wafer .
3t the switch aside. Tt will be installed laler.
CIRCUIT BOARD ASSEMBLY

Position the circult board lettered side up on
your work surface as shown in Plctorial 2, Then
complete each step on Pictorials 2 and 3,
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START W

NOTE: Solder the mounting tabs of
controle and the leads of the tran-
sistors and vorticallv-moonted ta-
bular capacitor ax cach part 1€
mioumted,

[ dM3303 transistors at G2 and
Q3 (8=61, To jdentiy the tran-
gpletor leads, lineup the flat side
of the transistor with the flai
outiine drasm on the eiremt
baard,. Then tnseort the leads inta
their correel holes marked E,
C, and B, Poxition the lransistor
ahoml 174" aboyve e olccull

board, Trim ofl excess leale
frum the foil side of the bBoard,

| j#"f'.hp the B lead from eachol the
twz remaining 23393 trausis-
tors, Then install these tran-
sigtnrs b Q4 and Q5 (5-4), Trim
exress leads on the foil side of
the board, Be sure the out siub
wl the B lead does not touch the ©
lead, FL&T

(w1 B0 &l dual contral (¢12-800, Po
sition the conlrol as indicated
on the clrcult board (5-2).

T 10 kD cnntrol (#10-201) (5-d4h,

.:}ﬂ: 10 &kt rontrol (A10-201] (5-4).

[ ¥ 8 kD iprectston).

[# B0 0 (precisionl,

iE ME (precisim),

{77200 ki (precigican),

[ &0 2 (brown-black-black),

[ #7 Solder =]l connections and out
off the pxenss loads,

i

e

s
e
-
s
e
o
o
e
e

K

o

u
| o e

o

ST : 1 2% g (red-redoonrange=),
=

CONTINUE >

[ o005 1F disc capacilor,
.

[ #7110 K2 {brown-hlack-grange],
———

(#T 22 kS (red-rod-arangs),
—

{ *7 31 kit (prangp-orango-orangel,

———— == =
{#T Bolder mll conmections and et
off the excess leads,

i ]

{ ﬁ_E_T_ [=317-140) (5-3). 8OTE:
Obmoryn the location of the
leadz; then line them op with
3, D, and 5 marked on the cireail
Treard, Podition the lransistor
aboait 1747 abewe the eirmnl
bonrd. [The sppesrapce of this
transistor may varvl,

oY

..D E ... y

I'IF’TFI 0 k0 [beown-blark-orangel,

i P‘ng..'fl ML |oramge - nrange -gresn),

(#To.1n Wit e Drown-gold) 2 watl,

— ———
I_-;“I'.;'l]d.r.r all enmnectinns and ouat
off the axeoss [aods,

i ﬁ T uF 1600 ¥ mbalar (5-1).

e

s

i e A
g i
ol o L gt
el BB N8 -
S -\.- .
e ="
et -
e !
S - b
i T
e P e T o b
i e o r
e e "\"‘".\. L
nimy it e i M 2
ek, e
B ai, ‘W
At Mo
o e e S -
e S e e e -
2 et T T
e - e e ..

PR R e
e

PICTORIAL £

Note banded end, The ather rmd
will b connected later,

the banded end e shown,

- ————]
() 00 kil (precision),

| G0 kil (precisinn),

[ ir'{l M fprecisinm),

=T Salder all contections and ot
off the excess leads,

e ——
ROTE: You showld have o 1 mierohm
reaistor  (brown-hlack-zreen] re-

FHEH T It will e used [ater,

PRHOCEED TO PICTORIAL 3




The plastic wut starter that ks pro-
vided with this ket will belp vou pick
up A nat and start it oo the screw
threads, Usa the fRrger eod for o4
nuts.

|
NOTE: When soldering haltery bnnld-
e conneciliood, make sare thal sal-
der is conflined to the poinl of con-
e Lo,

[ 8.4 ¥ battery holder (F214-67), 1
Poaition the bafttery boldsr as
ghowmn and mount it to the alreult
board. (Mote Lhe + mmark on Lhe
Bolder. i

2.40 ZCREW

B.dy
BATTEMWY
HOLOER

2t N

é--'* LOCKEWRIHER
L &

i 1.5 V battery holder (#214-58).
Positiom the battery holder asx
shown and monand it Lo the pireail
beard, NOTE: It msay be neces-
Eary 1o bend the negative solier
lug 1o Keep If [robd inferlering

with the verfically-mounted ca-
pacitor,

ig-ﬂ Th NAUT

i.40 FOREW

1.3%
BEATTERY
HOLDER

4 LOCEWAIHER
Tl
E d-40 HUT

e e
e,

e e o
- -
s " r
b 3

-

-

= s ok
" s e o S
T R Pt

PICTORIAL 3

CONTINUE

<

[L3-1-1/4" white wire from heg 1
{5-1) to eclseult board bole A
{5-1).

[ H71-1/4" whito. wire from Inig 2
B-1) lo eiroint board hole B
H-10,

A R

(B=1) to eircuil board hole ©
(8-11

{:F 1" white wire from lag 2 (5-1) |

tn eciromt hoard hake T (8=1),

(-7 Ruary swirch (463473, NOTE
H any of the gwitch mounling
lups are bont, stralshien therm
before  mstalling the swirch,

LOCATING Tan

() Carefully inspoct the awitch
luge which are next to the cir-
cuft boards, Any lugs which
might make oomlacl to othor
COMPONEnts, Eﬂlﬂiﬂ; i =shnrt
rircuit,  ghonld  be benl away
trom the board,

-Ilf'flﬁ:ﬂﬂ-er all switch plog to the foil,
Do not cut off the soldered leads,

=

FINISH




PICTORIAL 4

Befer to Pictorial 4 for the [ollowing steps,

Place the wires coming from the rotary switch
in the circuit baard holes as [ollows:

FROM TO CIRCUIT BOARD
SWTICH LUG -
iy e hole CC (NS),
(v} C2 hale AA (NS,
(L B8 hole EE (NS),
{v} Bj hole MM (NS,
i) B2 hale BB (N3),
{ -"f AG hole DD (N5),

{ |,J/ Solder the & wires comine from the switch
to the elreuit board, Trim off any excess
wire on the fouil side of the board,

PICTORIAL 5

Hefer to Piclorial 5 for thefolluwing stepy, Note
that the posilion of the eircult board has been
reversed,

Place the wires coming from the rotary Switch
in the circuit board holes as follows:

FROM TO CIRCUIT BOARD
SWITCH LUG e

{ ¥ c10 hole KK (NS),

{'/f -Fﬁ' hol= HH (NS),

(o] a1z hole 1.1, (NS},

(¥} ag hole JF (NS),

(¥} AR hole FF (NS),

WJ/ AT hole GG (NS},

{ i‘l" Solder the 6 wires coming from the awitch
to the eircuil board, Trim off any excess
wire on the Foil side of the board,
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Detail 54
{I;_i Refer to Detall 5A and connect the freelead
of the 047 uF 1800 V capavcitor onthe cir-

cult board to rotary switeh lug B10 (8-1),

{ .4 Make sure that no wires obstruet lugs Al0,
BR, A4, and C4, to which connections will be
made later,

Set the circuit board aside for the present,
PANEL PARTS MOUNTING

NOTE: Place = soft cloth on your workbench or
table to prevent marring the face of the panel
during the following steps,

Refer to Pictorial 6 (fold-out from Page 4) for
the fallowing steps,

( ‘}’_J-ocate the panel and position it on you work
surface as shown,

[er to Detail 6A, and mount the three plas-
te grommets at &, H, and J,

ourTsioL or

FPANEL FiRE” CRADMBET

POERTION THE dWaLL
BORTION OF THE QROuWWET OF THE CROMMET OVER LME

OEMD THE LAoRCE FORTrbe
IKTQ THE PAKEL wOLE. INTd THE EMALL FO®TTON.
PHESS IT FimMLY IRTID
PLAECE,

Detall 64

CONTROL Wl

-Hl\'-
al!-',;, .

CONTRII,

‘ -
m )
e e
o Vo
T
:

Detail 6B

(LY Refer to Detail 6B, and mount the phone
jack at F, Use a control lockwasher, & con-
trol flat washer, and a control nut, Position
the jack az shown,

{ L3~ Refer to Detuil 6C, and mount the 6-lug slide switch at
[t using two 6-32 x 1/4” phillips screws.

{4¥Tn a similar manner, mount the 9-lug slide
switch at E uging two 6-32 x 1/4" philllps
gcrews, FPogitlon the wide space between the
switch lugz as shown in the Plctorial,

ALIODC SWITCH

BoEPaN AT
FHILLIES
ICRECW

Detail 6C
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EE.

IMSIOF aF
BAmMEL
@ CanTHOL | DCEW LTHER
--. |
o b
.

Y

(EEEE:}EHﬁTHUL FLAT WAIEENR
@:mﬂuﬂm RUT

Detail 60

| I-rffREfer ta Detail 6D, and mount the 15k2 con-
trol at A using a contral lockwasher, acon-
trol flat washer, and 2 control nut, Pogition
the control as shown,

t"’j/ll:l. a similar manner, mount the 200002 (2 k)
control at B usging a control lockwasher, a
control flat washer, and a control mut,

NOTE: The hardwarc necessary for mounting the
meter 15 packaged with the meter and willbe re-
ferred to a3 "meter hardware,”

;V}"Hemm the gpring shorting wire {rom the
meter terminals,

( J:,a!' Refer ta Detail 8E, and mount the meterat C.
Use the meter hardware, Save the remaining
meter hardware foruse later, Do nol damage
the plastic meter case hy overtightening
the nuts,

{ il'r:l Refer to Detail 6F, and tape a cardboard
protector to the face of the meter,

Detall SE

TiEe #f###g#f
OH SUR
Bﬁuuatt'l-q_ L. CORRUGATED
e CaRDBOARD
—

WLTEW P ACE

Datall 6F
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THITT LuT smauf

Detail TA

PANEL WIRING

Refer to Pictorial 7 (fold-out from Page 4) for
the Inllowing steps,

{(#7 Refer to Detail TA, and prepare the redand
black test leads,

[ﬂefer to Defail VB and solder an alligator
clip to one end of the bBlack test lead.

1O0LEBCR

AL LIGATOR = g st teyr Lean

CLIR

Detall 7B

(L4 Insert the other end of the bBlack test lead
through grommet H, and tic a knot approxi-
mately 3™ from this end of the lead,

Preparc the black test probe in the following
manner,

e+ TCut a 5-1/2" length from the shielded cable
and put it agide for Iator use,

(T Refer 1o Detail 7C, and prepare the remain-
Iy length of shielded cable,

Refer to Detail TD for the following steps,

{ #¥ Cut one lead of a 1 megohm (brown-black-
green) resistor o a length of 3/87, Connect
thiz lead to the end of the shielded cable
without shielded lead (5-1),

| ¥ Disassemble the black probe,

{ #Insert the end af the cahle with shielded lead
through the black probe handle startine from
the threaded end, Pull the cable until the
resistor approaches the probe handle, as
shown,

T e | |'-l-i-
ql—-— | = .4':-
= a —

THILT AND CUT GFF
yOLDE® SMIELD LE Al

TAEING CARE HOF fOCUT THE DUTER SHIELE OF vERY
THIM WIRES, BEMOYE THF QUTER IMEULAT ISw

THIST THE SHIEL D WIRE [WTd OKNE ITRAND, S5 MOVE
THE INWER [NSUL A TION, THEW AFFLY & SMiLL
AWOUMT OF SOLOEA TO THE EW0 OF THE INMCR LEAD
ANT THE SHIELD,

Fd

Detail TC

{ ¥TCut the free end of the resistor to a length
af 1/2", Insert this lead into the open end of
the probe point so that approximately 1/4"
extends out through the small hole, About
half the length of the resistor will be inside
the probo paint,

{ #Wrap the resistor lead coming from the
small hole around the shank as sghown,

{ -4 Place the nuton the probe point and tighten it,
This will hold the end of the resistor lead in
place,

[ o4 Berew the black probe handle onto the probe
point,

ELATK
FROBE

THREEADEDR WD
QF wahDLE

Detail TD
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{ '{In.uart the loose end of the shlelded cable
through grommet G, and tie a kmot approsxd-
mately 3 inches from this end of the cable.

[ 04 a similar manner, install the red test
probe on one end of the red test lead. No
resistor is used, and the inner conductor of
the red test lead is inserted directly into the
small hole of the probe painot,

{ (¥ Wrap the wire lead coming from the small
hole around the shank of the probe point,

{f¥) Place the nut on the probe point and tighten
it,

{1_}}‘ Screw the red probe handle onto the probe
point,

( -&/Insert the other end of the red test lead
through grommet J, and tie a knot approxi-
mately 8" from the end of the lead,

{ W Connect the inner lead of the shieldedcable
to Iug 2 (NS), and the shield lead to lug 1 (WS),
of phone jack F,

( "‘:/Rerer to Detail 7E, and prepare a 5-1/2"
shielded cable as shown,

| 5oira" I

Lt

Detail TE

| y)/&.‘nnnem the inner lead at ome end of the
5-1/2" shielded cable to lug 2 (8-2), and the
shield lead to lug 1 {8-2), of phone jack F,
The other end will be connected later.

{ ) Prepare the following lengths of hookup wire:

5-1/2" red
6-1,/2" black
8" white

NOTE: many of the wires installedin the follow-
ing steps will have only one end connected at
this time, Their free ends will be connected later,

(V) Connect a 5-1/2" redwire tolug Jof control
B (8-1).

S

{ 4 Connect 8-1/2" black wire tolug 2 of control
B {3'111

{ 4 Connect 6 white wire to lug 1 of control B
(8-1),

{ ¥ Refer to Detail TF, and twist together the
three wires connected to comtrol B, The
wires should be twisted approximately two
turns per inch,

- ] rHE»4-|
Detail TF
{V{ Prepare the following lengths of hookup wire:

4" red

4" red
4-1/2" white
4-1/2" white
4" black

4" black

MOTE: You may find it easier to solder the lugs
of slide gwitch E in the following steps i, before
you connect the wires, youbend the outer rows of
lugs outward slightly,

{ =Y Connect one end of a 4™ red wireto lug 8 of
glide switch E (3-1).

{ ~“T Connect one end of a 4" red wireto lug T of
glide switch E (8-1],

{ .} Twist torether the two red wires connected
to slide switch E to form a twisted pair,

{L}-Comnect a 4-1/2" white wire to lug 5 of
slide switeh E (3-1),

{ & Connect a 4-1/2" white wire to lug 4 of
alide switch E (S-1),

{ Ly Twist together the two white wires connected
to slide switeh E to form a twisted pair,

(*¥rConnect a 4" black wire to lug 3 of slide
gwitch E (8-1),

{ i3 Comnect 2 4" black wire to lug 2 of slide
switch E {5-1),

i H’Ti{m together the two black wires connected
to glide switch E to form a twisted pair,
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(#7 Prepare the following lengths of hookup wire:

1" red
1" hlack
a9=1/2" red
3=1,/2" hlack
3-1/2" black
4-3/4" white

{ «¥Tonnect a 1" red wire between lugs 3 (5-1)
and 4 {N8} of slide switch D,

{H’Eﬂmmt a 1" black wire between lurs 1 (NS)
and & (8-1) of slide switch D,

( #-Connect a 3-1/2" red wire to lug 4 of glide
gwitch D [3-2],

{*}"Eun.nnct a 3-1/2" black wiretolugl of slide
switch Ir (8=2],

{ o Twist together the red from lug 4 andblack
wire from lug 1 of slide switch D,

{ &F Connect 2 3-1/2" black wiretolugSof slide
gwiteh I (8-1),

(] Connect a 4-3,/4" white wiretolug 2of slide
switeh D (3-1).

j#1 Twist together the black wire from lug 5and
white wire from lug 2 of slide switch D,

CIRCUIT BOARD WIRING

Refer to Pletorial & (fold-out from this Page)
for the following steps,

( W Prepare the following lengths of hookup wire:

1" white
1-1/4" white
3" red

3" black

{ .zf Connect 2 1" length of white wirefrom lug 5
of the Blas Adj control (8-1) to circult
board hole M {8-1),

(/) Conmect a 1-1/4" length of white wire from
lug 1 of the Bias Adj control (8-1)to olreudt
board hole L (S-1),

() Connect one end of a 3" red wireto hole F in
the circult board (5-1).

{"'rﬂﬁu.uﬁct one end of a 3" hlack wireto hole E
in the circult board (5-1),

{ o4 Twist these two wires together to form a
twisted pair., Pogilion them as shown,

{eFConneet the free end of the black test lead to
¢ircuit board hole K (8-1),

Connect the twisted wires from control B as
follows:

t:-}-’{Red]wire to lug 2 on the Bias Ad) control
3-1),

[ «b~White wire to lug 6 on the Bias Adj con-
trol (8=1).

(=7 Black wire to circuit board hole N (3-1),

Connect the wires from switeh E to the clrouit
board as follows:

{ = Either white wire to hole P (8-1), and the
other white wire to hole R (5-1),

{ w-Either black wire to hole T (5-1), and the
other black wire to hole 8 (8-1),

{ ~F Either red wire to hole W (3-1), and the
other red wire to hole T (8-1),

| lvﬁf&-:mnect the loose end of the red test lead
to lug B9 of the rotary switch (8-1).

Cunnect the red and black twisted pair from
glide switch D as follows:

(L} Red wire to circuit board hole J (S-1),
| Y’ﬁiack wire to circuit board hole H (5-1),

Connect the black and white twisted palr from
slide switch D to the rotary switch as follows:

{ y L-White wire o lug A0 (S-1),

I[J_)/:E!lack wire to lug Ad (S-1),

{ -} Connect the inner lead of the §-1/2" shielded
cable from phone jack F tolug Cdof the ro-

tary switch (S-1), and the shicld to cireuit
board hole G (8-1),

I
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FINAL WIRING
Refer to Pictorial 8 for the following stepa,

{#] Refer to Detail 9A and thread s meter nut
ooto each meter stud, Then place a meter
washer on each stud,

I - p— L o I_

T

4

FE-3F& WUT

WayHER

Detail FA

{ 9 Positicn the circult board so tho rotary
switch ghaft extends through itz hole in the
panel and the meter studs extend through
thi circuit board holes,

{ vb-Adjust the two meter nuts so the circuit
board is paralle]l to the fronmt panel as
shown in the inset drawing on the Pictorial,

{ L Place a meter lockwasher and 2 meter nut
ofi fach of the two studs extending from the
cireuit board, Leave the nuts loose,

| L¥ Secure the rotary switch to the panel, Usea
contral flat washer and a control out,

{.-¥ Tighten the nuts on the meter studs, CAT-
TION: Do not overtishten the nuts as the
circuit board can be domaged,

( 4 Connect the red wire from hole F of the
circuit board to lup 3 of eontral A (S-1),

{;A"Ennnect the black wire from hole E of the
circuit board to lug 2 of control A (8-1),

l.il-'l..lﬁ' RUTh 40 CamlUET SdARD
FJRI. LEL T FﬂﬂhT F'l.lllu'L

INSET

PICTORIAL @

Refer Lo Detail 98 for the following stepa.

(L With a pair of plicrs, rolale ihe shaft of tie rrfary
ewitch =o its flst side i faving the 1000 pomilion in the
DC Yolts range, as shown. NOTE: Be sure to leave the
shaft in thiz position for the following steps,

{r"f Press the knob buwshing onto the shafl. Note the
lscation of U sering,

{7 Pusition the knob with the pointer direcled lowards
the | position in the DC Volts range and press the knob
firmly onls the knob bushing.

i *]f[!arrfu!TJ- remove the knob bushing and kol Logether.
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{H’fP'Iace the knobr on a hard surface; thon press
the knob bushing firmly Into the knob, Usea
soft cloth on tive work surface to avoid
scratching the knob,

WPTEHE the Imoh and bushing firmly onto the
switch ghaft,

{ Li—Make mre the white index line of the knob poinls o
the 1 position in the DC Yolts range.

NOTE: The blue and white label that is installed
in the next step shows the Model number and Pro-
duction Series number of yourkit, Refer to thebe
numbers in zll communications with the Heath
Company; this agsures you that you will receive
the most complete and up-to-date information in
Teturn,

gr.,r"]'iem-:-\n: the backing froe the blue and white lahel and
e press. the babel onin the chassis oz chown in Picborial 9,

[b)"" Cheek to see tal all connes:tions are soldered and that
no enlder bridees oxist between foils on the circuit
bosrd, Shake out any solder splashin or wire cippings.

{4 Remuve the vandboand protector from the meter face,

Tis completes e amembly of the Volimeter except for the
vas= winich is installed later,

TMALL
QP EWING

Hu:nnwg.!! {!!
EROO
BUSHING

LARGE -

BFEMIM
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Detail 98

CALIBRATION

Refer to Figure 1 and 2 (fold-out from Page 14)
for the following steps,

ROTE: I the Volimeter does nol seom to opérate
properly during any of the followin tests, turn it
off immediately and refer to In Case Of Diffi-
culty on Page 23,

{ (¥ Turn the mechanical zero-adjust screw at
the boitom of the meter untll the meter
pointer is directly over the zero Indication
on the meter face,

{ l":I et the Voltmeter switches and controls as
follones:

SELECTOR SWITCH: DC VOLTS/ 1000

POLARITY: D+

POWER: OFF

ZERC: Center of rotatlon,

BIAS ADYJ (oo circuit board): Maxdnmum counler-
clockwise,

DC CAL (on circuit board): Maximum counter-
clockwise,

AC CAL (on rircuit board): Maximum dounter-
clockwise,

[ =

{*) Install the batteries as shown in Pictorial 8,
M=tch the + markings on the batteries to
the + markings screened on the cireuit
board,
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ELECTRICAL ZERO ADJUSTMENT

{ £Y Turn POWEHR switch to ON and adjust the
BIAS ADJ control for anapproximately zero
meter reading.

i} Turn the ZERO control fully cloekwise, This
should result in an upscale meter reading.

&
{;.r’]/Rea.diust ZERO contraol forazern indication
on the meter.

{ 1 Alternate the POLARITY switch between
DC+ and DC-. If the meter needle was et
exactly on zero, it should remain on2éroin
gither switch position,

{ /¥ Set the POLARITY switch to DC- and turn
the ZERO control fully counterclockwise,
This should cause the metar poifiter tomaove
upscale, Readjust the ZERG control for a
zero indicalion on the meter,

DC CALIBRATION

{ 7 Set the POLARITY switch to DC+,

{ o} Turn the SELECTOR switch to DC VOLTS/
10,

{*} Toueh the tip of the DC probe (black) ta the
pogitive terminal of the 1,50 ¥V battery and
adjust the DC CAL control (om cireoit
board) for a 1,5 volt meter indication onthe
black scale, as shown in Figure 2, (I other
DT ovoltapes that are known to be more ac-
curate are available, they may be used to
further cheek the DC Calibration.)

—_— . e

{ o k-Remove the probd lip from the battery and
readjust the ZERD eoatrol for a gero Indl-
cation on the wmeter, Thon repeat the pre-
vipus step.

AC CALIBRATION

CAUTHON:, Usge extreme care when measuring
line voltapes, Personal shock or Instrument
damagre could result from carelessness,

{ =1 Turn the SELECTOR switch to AC VOLTS/
10 and set the POWER switch to OB,

i "T Conneet the AC-ohms test Teads {black lead
and red lead) across the AC line, You can
do thizs most conveniently if you first attach
the alligator clip om the bBlack lead to the
meta]l shank of a screwdriver, Then insert
the blade of the screwdriver into one of the
slotted openings in an electrie wall outlet,
TAKE CARE NOT TO TOUCH THE TIF OF
THE RED PROBE TOTHE SCREWDHIVER,
and carefully insert the tp of the red probe
lnto the remaining opening in the wall gutlet,

{ g)-Adjust the AC CAL control (on the rircuit
board) for 2 meter reading of 120 volts on
the black scale (this is a reading of 1.2, or
one scale divizion above the numeral I, as
shown in Figure 4). If the line voltage is
kmown to be other than 120 volts, adjust for
this value,

{-'T/l]isnnnne-::t the test leads from the AC line,
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OHMS ADJUSTMENT

FINAL BIAS ADJUSTMENT

{ < Turn the SELECTOR switch to Rx1M, The
meter should give an up-scale reading,

{ &p-Turn the SELECTOR switch toone of the DC
YOLTS positiong,

reading on the green scale, ( 9-Turn the ZEROQ control fully clockwise,

{ td-Adjust the OHMS control for a full scale (INF)

‘ #f:_j__Tmmh the tipas of the AC-chms test leads
(the red probe and the alligator clip) to-

gether; this should cause a gero meter read-

Ing. If it does not, turn the ZERO control

{with the leads touching) to zero the meter

{ ) Adjust the BLAS ADJ controlfor a reading of
“1 on the black 0-10 seale,

() Turn the ZERQ control for a "O" moeler

noedle, Then separate the leads and repeat
the preceding step and this step,

E‘-_'L-Turn the SELECTOR switch to each of the

other three resistance ranges, Each range
should give 2 mero indication with the AC-
ohms test leads touching each other, andan

reading, NOTE: Thiz setting of the BIAS ADJ
control should allow for future adjustments
to "0O" ax the battery voltage decreases
over a poriod of time, When "0" cannot be
reached by adjusting the ZERQ gontrol, the
BIAS ADJ may be reset without disturbing
the calibration,

INF reading with these tost leads apart,
On the Rxl range, with the leads touching,
observe that there will be a fraction of an
ohmn circuit resistance,

{ &-Turn the POWER swilch to OFF,

Thi= completes the Calibration,

FINAL ASSEMBLY

Refer to Piclorial 1) for the lullowing steps. i } Remove the barking paper from the model number

label and fasten the label in the long reccss in the
vulsids of the case eover, o= thown in insel #2 of
Pietorial 10,

[ ) _Pesitnon the pariel with the meter fooe up in the s
7 then spread the sides slightly (o allow the panel In seat
on the leder under the side tabs. Because the case is

tiff, you may have lo vse g screwdrver with 2 wide

blade to pry the sides of the cow ot the points shuwn. This completes the agsembly of vour Voltmeter,

{ + Freas Lhe pancl toward the cover “hinge™ antil it stuaps
inler pepsition,
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VOLTMETER USE CHART

SELECTOR
SWITCH

DL YOLTS/1

USE SCALE

Black 0-10

ACTUAL VALUE
YOLTS, OHMS

-84 Volts

DC VOLTS 10

Black D-10

8.4 Volts

DC YOLTS/100

Black 0-10

684, Volls

DC VOLTS/ 1000

Black 0-10

B40, Vults

ALC VOLTS/ 1,2

Had 0-1,2

«Hd Vol

AC VOLTS/10

Bed 0-10

B.4 Valts

AC VOLTS/ 100

Black 0-10

B4, Volts

AC VOLTS/ 1000

Black 0-10

840, Volts

Rxl

Green OHMS

15 Chms

Rx100

Green OHMS

1,500 Ohmg

Rx10k

Green OHMS

150 k==

glelojol=|slale el =]s]=

ey 21 |

Rx1M

Green OHMS

*In addition to the common (black) test lead,

kilohm (1,000 chmas),

megohm = 1,000,000 ohms,

15 mepohm**
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OPERATION

The power consumption of the Splid-State Volt-
meter 1 very low and there is no ohjection to
leaving the Instroment turned on continuoudly
during a serles of measurements rather than
turning it off ezch time a measurenvent function
is ecompleted, Howewer, to prevent drain on the
ciimmeter battery, do not leave the SELECTOR
switch =zet in the OHMS position longer than is
necessary to make Tesigtance measuremenls,

The Voltmeter Use Chart (fold-out from this
page) has been included to summarizethe follow-
ing instructionz on vsing the YVoltmeter,

MOTE: I you are oot thoroughly familiar with
the measurcment of volts and resistance, refer
to the Applications section on Page 32, [or some
practical ways L0 u=e the wolimeter,

SAFETY PRECAUTIONS

CAUTION: It iz good practice toobserve certain
basic rules of operating procedure anytime volt-
age medsurements are ko be made, Always handle
the test probe by the insulated hoosing only and do
oot touch the exposed Lip portion,

When hish voltage measuroments are to be made,
remove gperating power to the unit under test
before conpecting the test leads, I thiz 13 not
possible, be pareful to aveid aceidental contact
with nearby objects which could provide a ground
return path, When workine on high voltage clir-
puits, play sale, Kecp one hand in your pocket to
minlmize accidental shock hazard and be sureto
stand oo a properly insulated floor or floor cov-
ering,

TEST LEADS

The black test lead with the alligator clip is the
common, or negative, lead, It is usually oon-
nected tg the chassis, or lower wollage polnt,
when you are mezsuring DC voltage, When vou
meagure AC voltage, or resistance, it canusu-
ally be connected to elther slde of the circuit,

The gray, shielded lead with the black probe is
uged (with the black test lead) to measure DC
voltzres only, Conneet this lead to the positive
i+] or the higher voltare point of the cireuit,

The red test lead with the red probe 15 used
iwith the biack lead) to measure both AC voltage

and regigtance, These leads are connected tothe
two gides of the circuit when measuring AC volt-
gge, To mezsure resistance, connect the hlack
lead to one =ide and the redlead to the other side
of the circuit or device to be meagured,

NOTE: I the resistance of 2 circuit is being
measured, and that circuit contzing diodes.
transgislors, or elecirdlytic capacitors, the test
leads must be connected to the pircuit correctly
{with the test leads correctly polarized) or vou
Will nol obtain eorrect readings, For example,
when there il § diode in the circuit, you may
opbtain two difforent resistance readings, depend-
ing on how vou connect the test jeads. The
lower reading, which will inclede the forward
resistance of the dicde, will pocur when the
Plack test lead iz connected near the cathode
end of the diode, The higher reading, which
will give the diode's back resistance, will oceur
when the black lead is connected near the anode
of the dinde,

MAKING MEASUREMENTS

Figure 5 shows the scales and markings on the
face of the meter, Before making any voltage or
registance meéasurements with your Voltmeter,
be sure to turn the POWER awitch ON and check
the zero position of the pointor with the POLAR-
ITY gwitch at DC+ and DC-, Turn the ZERO
contral, if necessary, 1o gero the meter,
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CAUTION: When measuring voltage, always sel
the SELECTOR switeh to a range greater than
the voltage to be measured, if an spproximate
voltage is known, U the voltage is complotely
unknown, set the SELECTOR switch to 1000
and connect the test leads to the cireglt to be
measured, Then momentarily turn the power on.
¥ the meler moves less than 1/10 of full scale,
switch to the next lower range, The maximum
voltage that can be safely measured with your
Voltmeter is 1000 volts, and this Umit must not
e exceoded,

RESISTANCE (OHMS| READINGS

CAUTION: Belore attaching the test leads for Fo-
sistancy measurements, make sure there 15 no
power on the circuit and that all large capaci-
tors have been discharged,

The SELECTOH switch must be at ane of the
grecn Bx positions when making resistance
measurements, Make aure the connectors on the
test leads are not touching, and turn the OHMS
contral until the polntor rests over the last green
mark (INF} al the right-hand end of the Ohms
scale, Do nof change the setting of the ZERO can-
trol while making resistance Mmoasuren cnts,

Resistance iz measured by conneeting the black
test lead and the red test lead to the two ends
of the unlmown resistanee, When using the twa
middle ranges, i the reading on the Ereen ohms
acale {5 under 1 or gver 100, change the SETLEC -
TOR swilch settimg,

A reading of 0 on the Rxl seale indicates & short
eircuit, or that the circuitis continuons, A read-
ing of INF {infinity} on the Bx1M scale indicates
an opetl eiroult, or a resislance g0 large that it
cannnt eazily be measured,

The figures on the green Ohms seale are mlri-
plicd by 1, 100, 10,000 (10 k). ar 1000, 000 (18],
according to the setting of the SELECTOR switch,
When this swilch is In the Rx100 position, for
example, 8 rewding of 6 would Indicate 600 ohma,
or a reading of 30 would indicate 5000 ohms,

The Hx10k position indicates that the meter
scale should be multiplied by 10,000, The last
counterclockwisze posilion of the OHMS range
swilth i3 marked Rx1M, M moeans megobm, o
1,000,000 ohms, =0 the metep reading would be
multiplied by 1,000,000,

NOTE: Some chmmeter battery current is drawn
whenever the instrument is turpned ON and the
SELECTOR switch is in one of the Hxpositions,
To mave batterv life when ¥ou are not using the
nhimmeter, NEVER LEAVE THE SELECTOR
SWITCH IN THE OHMS POSITION,

DC Voltoge Reodings

To measure DC vollage, turn the Voltmeter O,
Uso the gray lead with the hlack orobe, and the
black lead, The switch can be at DCi or DC-,
depending on whether a positive or a negative
voliage is to be applied to the probe tlp, This is
convenient when measuring voltages at scveral
points in a circuit, some positive and some
negative with respect to a4 common point. The
common test lead may remain connected to the
common valtage point, and the SE LECTOR gwitch
changoed to DC+ or DC- for the appropriale po-
larity,

DL woltages are read on the black meter seale
marked 0-10, The markings an the SELECTOR
switch refer to the voltage thar will wive 2 full-
scale reading an the black scale when measuring
DT voltage,

The lowest DC VOLTS switch position is marked
1. This means that 1 volt applied to the probe
tip will cause a full-scale deflection of the meter
painter, or indicate 10 on the scale, To read valte
age in the 1 valtrange, read the black 0-10 scale
and move the decimal one place to the left, For
fXample, & reading of 2 would indicate .2 volt,

To read voltage on the 10 volt range, réad the
black 0-10 scale directly,

For the 100 wolt range, read the black 0-10 scale
and move the decimal one place tothe right. For
cxample, & meter reading of 4 would indicate a
measurement of 40 valts,

Un the 1000 V range, read the black 0-10 seale
and move the decimal twoplaces tothe right, For
cxample, 8 meter reading of 3 would indicate 300
wolts,
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AC VOLTAGE RE ADINGS

To measure AC voltage, first make sure U
power is turned off in the circuit to be measured,
Set the SELECTOR switch to one of the AC
VOLTS ranees and turn the Voltmeter to ON, Con-
nect the red test lead toone gide of the circull o
be measured, and the black test lead to the other
side, Then apply power to the cireuil,

NOTE: If it is mown which wire is tho peutral, or
pommon, =ide of the circuwit, the black lead is
customarily attached to thiz point,

The lowest AC VOLTS swilvh position is marked
1.2 inrod, Voltages inthiz ravee are read diceet-
1y oa the red 1,2 seale,

When the SELECTOR switch 13 onthe red 10 volt
range, read the 0-10 red acale directly.

Use the black 0-10 scale when the SELECTOR
gwitch is on the 100 and the 1000 ranees, To
read wvoltage on the 100 range, read the black
scale and move the decimal one place to the
right, For example, a reading of 6 would indicate
60 viplts,

Un the 1000 valt range, read the black scale and
move the decimal teg places to the risht, For
example, a reading of § would indicate 5K wolts,

YOLTMETER CHARACTERISTICS
DC Yoltoge Measurements

The Solid-State Voltmeter has many advantages
over the nonelectronic voltmeter, The greatest
advantage is itz ability tomezsure voltages with-
b significantly loading the circuitbeing tested,
Thiz chararcleristic enables the woltage to be
muasured more geeurately, This is espercizlly
degirable im such high impedance circuits as
resistance coupled amplifiers and AVC (automa-
tic volume control) networks, and on oscillator
grids,

To illustrate this advanlage of the Splid-State
Voltmeter, assume that a resistance-coupled
audic amplifier with a 500 k chm plate load re-
sistor i operating from a 1) woltplate source,
See Figure 6,

Figure &

Assuming that the actual plate voltage in this
cage s 50 wolts, the tube therefore acts as a
510 k ohm reszistor, When measuring the plate
violtage with a conventlonal 1000 chms-per-volt
meter on the 100 volt scale; the meter repres
gents a 100 k ohm resistor placed in parallel
with the tube, See Figure 7. The voltage on the
plate, as shown on the meter, wouldthenbe 14,3
volts, This large amount of error is caused by
the shunt resistance of the meter,

FIBCYIT UsNDES
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Figure T

When the Solid-State Voltmeler is used on any
scale, the full 11 megohms input resistance is
placved in parallel with the whe, See Flgure 8, A
plate voltage of about 4% volts iz then shoamn on
the méter; only 2% lower than the narmal operat-
ing woltage, Thus more accurate readings inthis
instance can be obtained only with a high resist-
ance instrument such as the Solid-State Voli-
meter,
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The one wvolt DC range 18 very useful when
working with [ractional voltages in solid state
circuits, In this ranep, seale markings arepro-
vided every .02 volt, and you cen, in addition,
interpnlate between marks,

AC Voltoge Measurements

The Heathkit Salid-State Voltmeter is a very
sensitive cleclronic AC voltmoter and, since the
human body picksup AC when near any AC wires,
the meter will indicate this piclom, Never touch
the tip of the probe when the SELECTOR switch
iz set tothe lower voltage ranges, Zero should be
g6t with the probe shorted to the common clip,
using the DC+ and DC- positions of the POLAR-
ITY switch,

The AC moter zcales on the Solid-State Volt-
meter are calibrated to read the rms (root-
mean-square} value of a pure sine wave, The
rms value for a2 sine wave voltage is 707 times
the peak voltage, For complex wavelorms, such
4z square waves, sawlooth waves orpulses, this
ratio does not necessarily hold true, The com-
plex waveform in Figure 9, for example, shows.a
fpike that may be several times as large (peak
value) as the rms value,

Since the spike 15 of short duration, the rms
value of the overall waveform s barely affected,
On the other hand, the square wave would pres-
selt an rme value equal to the peak value, This
voltmeter responds only to the positive peaks of
AC wvoltages, Therefore, when messurity non-
symmetrical waveforms, a reversal of the test
leads may give a different reading,
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‘When connceting the Vollmeter to the eircuft
under test, the Voltmetar input resistance and in-
put capacitunce are cffectively placed inparallel
with the voltage souree, In some cases, this can
load the ¢lreuit and change the actual voltage to
be measured, At low frequencies of 50or 80 He,
the effects of capacitive loading may usually be
disregarded, Thus, the load the Voltmeter pre-
gents to the circuit belng measured iz abnut the
game as 4 1 megohm resistor, At higher fre-
quencies, the capacitive reactance docreages,

The amount of loading presented by the input
capacitanec and resistance of the Voltmeter s
determined by the impedance of the cireuit being
tested, In low impedance circuits, such as 50 to
800 ohm, no noticeable error is introduced in the
voltage reading throush circuit loading, These
circuits will only begin to be loaded at frequen-
cies that approach the upper limit of the Solid-
State Voltmeter's frequency Tespons=e,

Remember, as a general rule, that frequency
response and loading may affect the aceuracy af
wour voltage readings, There will be a resistive
leading of 1 megohm regardiess of frequency,
The amount of capacitive lvading will depend on
the frequoncy involved, The actyal capacitance
of the Instrument and the leads may also affect
the tuming of low capacitance resonant circuits,

You should know the values in the cireuit under
test and the values of the input resistance and
capacitance of the Voltmeter, This will permit
you to make valld readings over a wide range
of impedances within the full frequency response
of the instrument,
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ACCURACY

The accuracy of measurements made with this
Voltmeter depends on the accuracy of its ¢al-
Ihration and the tolerance of the components used
In it= circuits, I the Voltmeter iscarefully cal-
Ibrated with precision standards, then the worst
case of error would be the sum of component
tolerances,

The meter movement is accurate to within £2
percent of full scale, On DC, the #1 percent
accuracy of the divider resistors must be con-
sidered, resulting In an accuracy within £3 per=
cent of full geale, Om AC, the rectiffer cireuit
contributes variations which could resull in a
maximum error of 3 percent of full scale,

The accuracy on the OHMS ranges depends pri-
marily on the multipliers, which are 1%, andthe
meter movement accuracy of 2%, Because of the
ponlinear OHMSE secale, the resulting accuracy is
nof readily expressed ina percentage flgure,

WOTE: When comparing this ingtrument with an-
other voltmeter, consider that the error of the
pther ingtrument may be in the opposite direc-
tion, Therefore, when comparing two instru-
munts of £45% accuracy, the tota] difference may
be 210%. Critical comparisons should only be
made againgt certified laboratory standards,

TRANSPORTING THE METER

Be sure to place the POWER switch in the OFF
pogition when the meter is being carrvied or
transported, This not only avoids battery drain,
but shorts the meter terminals topether, which
hazs a "damplong™ effeet and protects the meter
movement from damage which mixht be caused by
sudden shocks (such as dropping),

NOTE: An Applications section is included in this
Manual to provide those who do not have an
electronic background with 2 few basic appli-
cations,

MAINTENANCE

METER

Begause of the delicate nature of the meter
movement, no attempt should be made to repair
the meter, Such attompts would automatically
void the standard warranty coverage of the
meter itself,

BATTERY REPLACEMENT

NOTE: Before youdecide that batteries should be
replaced, refer tothe Final Bias Adjustment pro-
cedure on Page 17,

Replace battery E1 {1.5V) whenever you cannol
adjust the meter needle to the INF mark on tho
grecn acale in any range of RESISTANCE by
uso of the OHMS control,

Replace hattery E2 (8,4V) whenever you cannot
adjust the meter necdle to O on any scale by use
of the ZERQO control,

ELECTROSTATIC CHARGE

The clear plastic meter cover has been treatod
to resist an accumulation of statio electricily,
However, should a statlc charge accumulate
throush repeated polishing or eleaning of the
muter cover, the poloter will deflect in an er-
ratic manner, regardless of whether the instra-
ment is turned off or on, This condition can be
corrected quickly, Apply a =mall quantity of
Hauid dishwashing detergent to a clean, soft
cloth and wipe the surfice of the moter cover.
The accumulated electrostatic charge will ime-
mediately disappear, It 12 not neceasary to re-
move the cover for this correction,

CHECKING METER COIL CONTINUITY

H you suspect the meter coll has failed, vou can
check the continuity of the coll with another ohm-
meter as follows, (NOTE: Never check the con-
tinuity of the méter eoil directly with another
ohmmeter, The amotnt of current that would be
drawn could seriously overload and probably ruin
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the meter coil.) Always use a limiting resistor
with a value of at least 10,000 ) In series with
the other chmmeter test leads, The value of the
resistor will upon the ochmmeter battery
voltage and the range on which the chmmeter is
being used, NOTE: If a Heath Mode! IM-25 Solid-
State Voltmeter is available, it can be used to
check the meter coll directly because of the low
voltage and current used,

TEST LEADS

Becauso of their constant flexing during use, the
test leads are not above suspleion, especially
after the Voltmeter has been in use for several
vears, Erratic or improper DC voltage measure-
ments can sometimes be caused by a fault in
the =hielded test lead or phone plug or in the
conntetions in the test probe,

ACCESSORY PROBES

MOTE: The sccessory probes are connected to the Voltmetor
through the insulated phone jack on the fee of the panel
ncar the test leads,

HIGH VOLTAGE TEST PROBE

A high voltage test probe is available from the
Heath Company, This probe will permit the Volt-
meter W measure DC up to 30,000 volts, which
covers the range of flyback power supply voltages
eommonly encountered in TV receivers, This
probe consists of a red molded housing with a
black molded handle. It contains a 2% pre-
cision 1090 megohm registor and provides aDC
range multiplication factor of 100for 11 megohm
input voltmeters,

WARNING: When Uw high voltage test probe is umed, the
cxposed lip of the blick test probe must be covered
{Eolated). One hundreth of the high vollage heing tested will
b present in the fip of the black probe, mnking sovere shock
prmsibile,

RF TEST PROBE

An HF test probe isavﬂalﬂcﬁwzmﬂlaﬁﬂﬂ](hqun}r.'l‘lﬁn
probe will permit the voltmeler to be used for RF
meisurements up lo 90 voltz s (poot mean squarc) as well
2 RF woltages superimposed on M potentiols up to 104
volls. The probe response is fat and Linear from 1000 Hx to
onecr 100 M,

IN CASE OF DIFFICULTY

NOTE: Tn an extreme caw where vou are unable to resolve =
dilfiulty, refer o the Serviee and Warranty seclion of the
“kit Builders Guide®™, and o the “Factory Repair Service™
information on page 24 of this Manual,

Thiz section of the Manual is divided into three
parts: Visual Test, Precautions for Trouble-
shooting, and the Troubleshooting Chart, Begin
your search for any troubles that occur after
assembly by carefullyfollowing the checks listed
In the Visnal Tests section, After Visuz] Tests
are completed, refer to the Troubleshooting
Chart. Refer fo the Service and Warranty
sections of the Kit Builders Gutde in cases when
¥ou are unable to resalve the difficulty, If the
Voltmeter is returned to the Heath Company,
be sure all parts are ineluded,

NOTE: Refer to the Circuit Board X-Ray View
and Panel Photograph (on Pages 29 and 30) for
the locations of parts on the cireuit board and
panel,

VISUAL TESTS

1. Recheck the wiring, Check for pinched wires,
Trace each lead in colored pencil on the Pic-
ftorizl as it 1= checked, It isfrequently help-
ful to have a friend check your work, Some-
tne who i not famillar with the unit may
notice something consistently overlooked by
the kit builder,

2. About 80% of the kits that are returned to
the Heath Company for repair donot function
properly due to poor connections and solder-
Ing and to solder ''bridpes" between foils,
Therefore, many troubles can be eliminated
by reheating all connections to make sure
they are goldered as desoribed in the Solder-
ing sectlon of the Eit Builders Guide,

3. Check to be sure that all transistors are in
thelr praper lnoations, Make sure each tran-
sistor lead is connected to the proper point,
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4, Check the values of the parts, Be sure in
each step thatthe proper part has been wired
inta the circuit, a5 showm in the Pletorial
diagrams, It would be easy for example, to
install a 33 ki (orange-orango-orange)
registor where a 3.3 megohm (orange-
orange-green) resistor shouldhave been in-
stalled, or a 900 k2 precision resistor In-
stead of a 20 ki1,

5, Check for bits of solder, wire ends, or other
foreign matter which may be lodged in the
wiring,

If the trouble is still not located after the vlsual

tests are completed, and another voltmeter is

availahle, cheek the woltage readings against
thoge shown on the Schematic Diagram, NOTE:

All voltage readings were taken with anll meg-

ohm input electronic voltmeter, Voltages may

vary &g much as +20%,

KOTE: A review of the Circuit Description may
help vou determine where the trouble is,

PRECAUTIONS FOR TROUBLESHOOTING

1, Be pauticus when testing transistor circuits
that you do not operate the transistors be-

vond their limits, Althousrh the transistors
hazwve almost unlimited life when used
praperly, they are much more vulnerable to
damage from excessive voltage or current
than tubes, A vacuum tube, for instance,
can often be operated under shorted, Zero-
bias, excessive-voltage; or high-curront
conditions for short periods of time without
materially damaging the tube, but any ofie
of these same conditions can completely
destroy A transistor instantly.

2. Be sure you do not cause any short circuits
when making voltage meagurements, This
would almost certainly cause damage toone
or more transistors or dicdes,

3. Transistors should be Inzerted or removed
poly while the Voltmeter 1= turned off, If
this rule iz pot [ollowed, transistors may be
damaged,

4, Do pot operate the instrument with any of
the transistors removed, as the resulting
imbalance gould damage the réemaining tran-
aigtors or the meter,

FACTORY REPAIR SERVICE

You can refum vour completed kil Do the Heath Compaoy
Bervice. Department to have il repaired for & mininmim pervioe
fer, (Kils that have been modified will not be scecpted for
repair.) 1T you wish, you can defiver your kil o a nearhy
Hesthkit Eleotronie Cenler. These conters are listed moovaur
Heailbil catalog,

To be eligihle fue soplacement parts under Lhe borns of the
whrTAnty, equipmenl relurticd for factory repair service, or
dilivered to & lesthkil  Flectronss Center, muosl  be
acenmpanied by the inveice or the siles shp, or & copy of
either, B you send the original inveice or sales slip, il will be
relurned to you,

I it ois mod sonvenient boo deliver your kar to 2 Heallkit
Electronin LUepter, please shipo il W the factory at Benlon

Harbuwr, Michipsm ond  follow  the [obowing ehipping
instrisetiens;

Prepare @ letter in duplicate, eonfaining e fallowing

informalion:

®  Your nome and relurn address.
# Dhate of purchase.
* A brief descriplion of te difficulty.

®  The myiace o sles sip, of 2 copy of either.

* Your aulbweeation o dvp the repaired ool back o
v GG, for the service and shipping charpes, plus
the cost of parts not covered by the warranty.,

Attach the covelope contsining one copy of this letter
directy by the uiil before packasing, s thal we do nol
overdook this impodanl infermution. Seod the sseond copy
of the letier by separate moil to Ueath Company, Attention:
Zervice Department. Benton Harbor, Michigan,

Check the equipment to see that sl parts ond serews are in
place, (Do not inelude wooden cahinets when shipping
receivers, luners, amplifiers, or TV seis, 25 thess ore easily
damaged i shipment.} Then, wrsp the equipment in heavy
paper. Place the cquipment in a strong carton, and put &t
least THREE TNCHES of resilient packing material {shredded
paper, excelsor, etv.) on all dides. between the equipment
and the carton. Scal the carton with gummed paper tape, and
tie it wilh & sbrong cord. Bhip i by prepaid express, Tnited
Parcel Service, or insured parcel post to:

Heath Company
Servive Deparbment
Benton Harbor, Michipsn 49022




Completely inoperative,

Dead battery or poor battery contacts,
Transistors Q1, Q2, or Q3 defective,
Meter coil open,

Zero control has no effect,

Bissa control RIS and RIE milsadjuated,
Transistor Q1 defertive,

Rezigtor on vollage divider String RS
through R9 and RI1 apen,

Zero control R14 open or shorted,

Inaccurate DC readines,

DC Calibration control RIB mizadjugted,
Wrong value or defective resistor in viltaze
divider string R5 through RO and RI1,

AC {only) Inoperative,

Diode DI defective,
Capacitors C1 f(open) or C2 (shorted),
Resistor R4 open,

AC Inoperative,
(1000 volt range onlyl.

Resistor R2 open or resistar R3 shorted,

Inaccurate AC reading,

AC Calibration control R19 misadjusted,

Chmmetor inoperative or in-
Accurate readings,

Battery El low valtage,

Transistor Q1 defective,
Rezietors in voltage divider string R4
through RY or R12 open or shorted,

fdiero shift with leads shorted
when turning Funetion switch
through ohmmeter ranges,

Transistor Q1 defective (needle mAay move
slightly on Rxl, caused by lead resistance),

Unable to reach 0 meter
reading on any scale,

Readjust bias,
Replace battery E2 (8,4 V).

Unable to reach INF on
any resistance range,

Readjust bias,
Replace battery E1 (1,5 V).
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SPECIFICATIONS

DC YOLTMETER
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0-1, 0-10, 0-100, 0-1000 wvolts full scale,
11 megohms on all ranges,
+3% of full seale,

0-1.2, 0-10, 0-100, 0-1000 volts full scale.
1 megohm on a]l ranges,

Approximately 100 pF (38 pF on 1000 ¥ range),
+5% af full scale,

1 dB 10 Hz to 1 MHz (from low source impe-
dancel,

Rxl, Rx100, RxI0k, Rxl1M,

1,5 volts (C-Cell, NEDA #14),

8.4 volt Mercury Cell (NEDA #1811),

4.1/2%, 200 A, 100 degree movement,

1 = FET {field effect transistor),

4 - gilicon transistors (2N3303 or equivalent).
1 - sillcon dlode,

D47 wide x 3-8 high x 9 deep.

2172 Thn.

i —

—

The Heath Company reservesthe right to discon-
tinue instruments and to change specifications at
any time without incurring any obligation to in-
corporate new features in instruments previous-
Iy sold,
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CIRCUIT DESCRIPTION

The Belector switch of the Voltmeter is used to
select the correct circuit and deszired range for
each type of measurement, The AC-ohms test
lead and the DC test probe are both connected to
the switch, andthe common test lead ig connected
te the ecircuit ground, This ground includes the
ground foil of the clrewil board, which is con-
nected through the wiring to the panel,

oc

Isolation resistor Rl is in the DC Volts circuit
for all DC Volts measurements. The DC Volis
circuit includes a series of precision resistors
(R5-R11) arranged as a voltage divider, The
Selector switch conneets the amount of resist-
ance roquired for a specific range, The selected
portion of the voltage is applied to the gate (G)
of FET (field effect transistor) Q1, the DC inpue
source follower, The FET provides isolation
between the input voltage divider and the balanced
bridge eircuit, Because of the FET's high input
impedance and low output impedance, it couples
the DC input to the balanced bridge circuit
without loading the voltage divider, The output
of the FET is applied to the base of Q2, which
iz part of a balanced, emitter follower, current
amplifier (Q2 and @3),

The inzulated phone jack on the faer of the panel bypasses
Bl and connects the accemary probe inpul directly Lo the
DC-werliw wrireit .

AC

With the Selector switch in one of the AC Valtg
ranges, the test voltage is appliedacross voltage
divider R2 and R3 to insure that on hisher AC
voltage ranges, no more than 100 volts Applars
at the anode of AC rectifier D1, Atthe AC recti-
fier, the test voltage i changed to a DC voltage
which iz proportional to the applied AC test
voltage, Capacitor C2 is uged at the output of the
AC rectifier to hold the applied pulsating DC
voltage at Its peak value, so that the Voltmeter
responds to the positive peak voltage regardless
af the test voltage waveform,

The rectified AC test voltage is applied throush
AC igolation resistor R4 to a voltage divider,
congigting of R, R6, R7, RE, RS, and R11, where
2 portion of the rectified AC test voltage is
selected and applied to the output circuits as
previously described for the DC voltage meas-
urement,

OHMS

The ohmmeter section of the Voltmeter uses 1.5
volt battery E1 connected in series with the volt-
age divider network (RS, RS, RT, RS, RE, and R12)
and the resistance to be measurod, The ratio be-
tweon the ochmmeter voltage divider network re-
slstors and the resistance belng measured deter-
minés the portlon of the chmmetér battery volt-
age that 1s applied to the output circuits as pre-
vigusly described for the DC voltage measyre-
ment,

METER

For all measurement functions, a voltage is
applied to the gate of the FET and its balanced
bridge clrewit, In each Instance, this voltage is
dependent upon the voltage or resistance belng
measured, When there iz zero voltage at the
Input of the balanced bridge circuit, transistors
Q2 and Q3 draw the same amount of emitter cur-
rent; therefore, each emitter is at the same po-
tential and the meter connected between them
will not deflect,

When a positive voltage is appliedta Q2, it draws
more current than Q3, causing a difference in
emitter potential between these two transistors,
Since the meter is connected between the twa
emitters, & current then flows through the meter
movement, The meter pointer responds pri=
portionally to this current, indicating the value
of the woltage or resistance being measurcd,
The DC+ and DC- switch positions are used o
reverge the meter connectlons between the
emitiers so that both positive and negative DC
voltages can be measured without reversing the
test leads,

The meter terminals are shorted together by the
Power switch in its OFF position, This protects
the meter movement from damage due to sudden
shocks.

BATTERIES

The 8.4 volt battery supplies the operationg volt-
age to @1, Q2, and Q3, Anychange in the battery
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potential will affect the conduction of Q2 and Q3
equally and therefore will not affeet the differ-
ence in emitter potential, The maximum conduc-
tion characteristics of Q2 and @3, as used In this
Voltmeter eireuil, is such that the voltage applied
to the meter lorminals will not be large enough to
damzage the meter movement, This 15 one of the
primary advantages of this type of circult, The
meter movemen! cannot be hurned out by inad-
vertently measuring a voltage thatishicher than
the Selectar swilch setting, However, i exces-
give voltage is applied, the pointer may be bent

FUNCTIONAL

Rl - Isolation resistor In DC probe,

RZ, Fd - Imput vollage divider for AC, Divides
the inpul voltage of the highest AC ranee 30 that
no more than 100 volts appears at the ancde of
Di,

R4 - Isplation resistor for AC, Voltzge drop-
pifyg rosistor,

RS - R12 - DC voltage dividers: R5-R% and
Ell, AC voltage dividers: Ro-RS and R11, Ohms
voltage dividers: R5-E9 and R12,

R13 - Current limiter for the protection of G
land 4, G5}, Acts with C3 as a low pass filler
to prevent AC from reaching the gate of @1,

Ri4, R15, Rig - Voliapedivider across the pow-
er supply, Determines the bias to the gate- of
1 ithe meter needle is adjustedto0by R14, the
panel Zero control),

HIT7 - Source resistor for Q1,

Ri18 - Variable resigtance in series with the
meter for DC calibration, Mounted onthe circwit
board,

H19 - Variahle resistznce in series with the
meter for AC calibration, Mounted onthe cirouwit
board,

R21 - Variable resistance in series with the
meter for Ohms full-zcale calibration, Mounted
att the panel,

as it hits againat the stop, Caution must also be
exercised to avold applving any test voltage to the
test probe when the Selector switch is setin the
Chims pogition,

Battery El is connected into the circuit when the
Belector switch is in any of the Rx positions, It
provides enpugh current for a full-scale meélor
indication, Avoid needless battery drain by
placing the switch in one of the wlls positions
when resistance mezsurements are nol boeing
made,

PARTS LIST

R22, R23 - Ewmitter (load) resistors for Q2 and
Q3.

B2d4, R25 - Vollare divider across the power
supply o provide proper biss voltage to the
base of G,

Cl - Input coupling capacitor, Blocks DC while
passing AC to the input AC divider (B2 and R3).

C2 - Charges with the rectifled AC Irum DI,

C3 - Acts with B13 as a low-pass filler topro-
vinl AC from reaching the gate of Q1.

D1 - Diode rectificr to eopvert AC Input woli-
apes to DC,

Gl - FET DC impul source follower, Provides
isolation between the inpul dividers (R5-R11) and
the pulput eircuil, Provides hiph inpat itmpedance
and Iuw outpul impodance, Couples the nput 1o
the amplificr cireuil without loading the voltare
dividers,

22, 33 - Balanced emitter followor-power ani-
plifier, Provides sufficiont power gain tooperate
e 200 pA moter,

G4, Q5 -« Comnected back-to-beck as 9 wolt
cener protection dipdes, When the voltage atthe
rate of Gl exceeds B volts (either polarity) con-
duetion oeeurs through the appropriate dicds,
causing & voltape drop across H13, Curront
Lirdting action of B13 providos some degroo of
protoection to G and G5,
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REPLACEMENT PARTS PRICE LIST

Tu wrder parte, wer the Parts Order Form furnished with this
kit. I a Purfx Chder Form is pal awirlable, reler to
Heplacemient Parte in the Kit Uuiders Gaide.

PART PRICE DESCRIPTION PART PRICE DESCRIPTION
_No, Each Ma, Earh :
RESISTORS SHIELDED CABLE-WIRE
343-11 10/6L  Shielded eable
1/2 Watt 341-1 L5311 Black test lead
341-2 O/t Red test lead
1-41 JA0 10 o 344-50 03/1t  Black hookup wire
1-20 J0 10 k@ 344-52 05/ft  Red hookup wire
1-22 A0 28 344-59 L5/t White hookup wire |
1-24 A0 33 kit
1-35 W10 1 megohm HARDWARE
1-38 A0 3.3 megohm 250-52 L5 4-40 x 1/4" screw ;
254-0 05 #4 lockwasher
2 Watt 252.2 05 S-40 mut
3.4_2 35 Bl 0 5% 250-229 05 6-32 x 1/4" phillips head |
Orew
Precision 253-10 05 Control flat washer
2-238 20 960 254-4 05 Control Iockwasher
2-35 20 0000 T (B k) 252.7 05 Contrul nut
2_41 20 00 kR
254 20 200 kO MISCELLANEQUS
a_g&9 a0 D00 ki Ti-48 Lo Plastic prommet
2-237 wold 1.8 mepgohm 214-68 1.00 1.5 V battery holder
2-52 a5 a megohm 214-87 .18 B4V 'I:ml'tt'ry holder
260-1 A5 Alligator elip
CAPACITORS 436-35 L0 Phone jack
438-1 A5 Red test probe _
Disc 4362 A3 Black test prohe |
21-2% 10 005 uF 455-50 A0 Enob tushing
482-232 .30 Pointer knob
Tubular 07-128 o.0n Meter
23_01 .50 JHT LT (1.6 kV) 85-197-1 1,50 Clrouit bagrd
23-81 A5 A5 uF 203-701  L.20 Panel
#5-35 2,60 Plastic case
CONTROLS-SWITCHES 331-6 .15 Solder
10-201 35 10 k2 cantrol 490-5 -10 Mot Starler
10-2249 A5 2000 © contral (2 ke J3- 300 35 Model number label
10-78 A5 15 K control 2.00 Manual (See {ront cover for I
12-80 1.66 30 ki dual tandem control art number, ) l
60-2 25 B-lug slide swileh |
80-20 85 B-lug slide swileh

The sbove prices apply vnly on purchases from (he Hesrl
Company where shipment is 10 a US.A. destination. Add |
1% {minkrmum 25 cenis) to the price when ordering fiom u |
Heathkit Electrumic Center tu cover local salos bix, postege
417-118 08 2N3383 transistor and handling, OQutside the U5 A parts and seevice are

lor equivalent) svalluble from your local Heathkit source and will rofloot
417-140 1,50 FET {field elfect transistor} additional  transpodtulivn, taves, dufies and rates of
aT-27 B0 Sllicon diode exghange.

B3-473 4,00 12-position rotary switeh
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NOTES
1. ACTARY SWITCH IS B0 (N | VOLT DC POSITION.
T F=FRONT. = AEAR.
2 ARFOWS INDICATE CLOCKWISE ROTATION
& DCSWTCH SHOIWN [N DG~ PORITHHN.
5 C8OFF SAITCH SHOWN IN "OFF POSITION.
& ALl CAPACITOR YALLES W oF.
7. ALL RESISTORS ARE 172 WATT UIVLESS MARKED QTHEMATSE. kiﬂ.g
8 RESISTORA VALLMS ARE IN OHME (K = V000, 4 = 1 000,000
8 THAS §¥MBOL INDICATES DC VOLYS T0 NEGATIVE 5IDE OF em,
12 MEASAED WiTH AN 11 MEGOHM INPUT (MPEDANCE .
[LECTROMNIC VOLTMETER. READINGS MAY VARY BY 10%. olt-
0. AESISTORS HOT NUMBERED COMEECUTIVELY, Lre-
1. H-DEPENEE U8 SETTISG OF BLAS ADJ AND ZERO CONTROLS.
one
ket,
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THE WORLD'S FINEST ELECTRONIC EQUIPMENT IN KIT FORM




