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This chart is a guide to commonly used types of elec-
tronic components, The symbols and related illustra-

TYPICAL COMPONENT TYPES

tions should prove helpful in identifying most parts and
reading the schematic diagrams,
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SPECIFICATIONS

FElectroniec DC Volimeter -

7 Ranges, |,

] A - - ] > & & 4 # » @ ] T e & 4

Input Resistance,

Circuit,

iﬁi#lirrhqlnllwillt

Aceuracy, |,

Electronic AC Voltmeter -

T Ranges, , , ., ... e e e e e e e e

Frequency Response (5 V range), . . . |

Circuit, .

Accuracy, . .

Tnput Resistance And Capacitance.

L L L]

Electronic Ohmmeter -

T Ranges, . .

Meter,

L L] ] ] + o

Probe, . .

Dividers,

L ] L > * L]

Tubes-Diode,

L L | ] & 2 L | & ¥ F *= ¥ 3 4 ¥ ¥ & Fr =

Battery, . .

0-1,5. 5, 15, 50, 150, 500, 1500 voits full scale:
up to 30,000 volts with accessory probe,

11 megohm (1 megchm in probe) on all ranges:
1100 megohms with accessory probe,

Balanced bridge (push-pull) using twin triode,

+3% of full secale,

0-1,5, 5. 15, 50. 150, 500, 1500 rms secales

(,353 of peak-to-peak),

t1 db 25 Hz o 1 MHz (800 O source, referred
to 60 cps).

Half-wave voltage doubler, using twin diode,
+5'% of full scale,

1 megohm shunted by 40 ppf measured at input
terminals (200 1. f at probe tip).

Scale with 10 9 center X1, X10, X100, X1000,
X10K. X100K, X1MEG, Measurss .1 § to 1000
megohuug with internal battery,

G, 200 na movement, polystyrene case,

Conbined AC-OHMS-DC switching probe, single
jack input for probe and ground connections,

1% precision type.
1 - 12AU7, twin triode meter bridge,
1 - BALD, twin diode AC rectifier,

1 - Silicon dicde power supply rectifier,

1-1/2 volt, "C" cell,
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Requirements, , . . . ,

Power

105-125 0r 210-250 volts,50/60 Hz AC, 10 watts,

Cabinet Size, ., . . . . . .. 2" high x 12-11/16" wide x4-3/4" deep {(overall),

- * [ +* = - -4 [ » [

Net Weight, . ., . . . . .. .o 5 Ibs,

The Heath Companyreservesthe risht to discon-
tinue instruments and to change specifications at
any time without incurring any obligation to
incorporate new features in instruments pre-
viously sold,

INTRODUCTION

The HEATHKIT Model IM-28 Vacuum Tube Voli-
meter is intended for use by servicemen, en-
gineers, and maintenance men to make accurate
measurements of DC+, DC-. and AC voltages, and
resistance, The design is simple and rugged
yet accurate,

In this instrument. vacuumn tubes are used for
rectificarion and amplification on all measure-
ment functions to insure good sensitivity and
stability of operation, Precision resistors are
used in the voltage divider networks to provide
high accuracy,

The confusing tangle of test leads coming from
the front panel of most VIVMs is eliminated by
the use of a combination AC-OHMS-DC switching
test probe and a single jack input connection for
both the test probe and ground leads, The 1 meg-
ohm resistor in theprobe is switched into opera-
tion when the probe switch is set on DC, This iso-
lating resistor allows DC voltages to be measur-

ed without materially affecting AC voltages pres-
ent at the test point.

Becausa the VITVM has a very high input im-
pedance, the circuit in which the veltage is being
measured will not be significantly loaded by the
VTVM, Most nonelectronie voltmeters (VOM)
have a much lower input impedance over ihe
most frequently used ranges of test voltages,
Consequently, when a VOM is used to measure
voltages in high impedance circuits, the indi-
cated voltage will be appreciably less than the
actual voltage, The amplifier section enables the
VTVM toaccuratelv measure muchhigher resis-
tances than can be conveniently measured witha
VOM,

Read 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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CIRCUIT DESCRIPTION

In order o obtain a better understanding of the
circeuit, follow the Schematic Diagram {fold-out
from Page 35) while reading the Circuit Deserip-
fion,

The combination AC-QHMS-DC test lead of the
VTVM is connected tothe Funection switch, which
18 used fo connect the part of the circuit needed
for any of the VIVM measurement functions,
The COMMON test lead is connected to the case
(ground) of the instrument,

With the Function switeh in the DC+ or DC- po-
sition and the switching probe on DC, the test
voltage is applied through 1 megohm resistor R1
ln the probe to the Range switch, on which is a
series of precision resistors, R17 through R23,
arranged as a voltage divider, Depending on the
position of the Range switch, a portion of this DC
voltage is "picked off" and applied through resis-
tor R1Z to the input grid of the 12AUT tube,

With the Function switch in the AC position and
the test probe on AC-OHMS, an AC test voltage is
applied through capacitors Cl and C2tathe BALS
tube (haif-wave doubler circuit) where it is
changed to a DC voltage which isproportional to
the peak-to-peak value of the applied AC test
voltage, On the higher AC ranges, a voltage di-
vider arrangement consisting of R2, RS and R4,
183 used at the input of the 6ALS5 tube ta insure
that the AC voltage appliedto the BALS tube does
not exceed the tube's rating, The DC voltage out-
put of the BALS tube is applied to the Range
switch and then to the input erid of the 12A1J7
tube, in the same way that DC test voltages are
applied, The VTVM responds to peak-to-peak
voltage regardless of the test voltage waveform,
The AC balance control isusedto "buck-out” the
small amount of contact potential in the SALS
tube, thus eliminating residual readings on the
lower AC ranges.

The ohmmeter section of the VIVM uses a 1.5
volt battery connected in series with part of the
standard-resistor network (determined by the
Range switch position) and the resistance to be
measuren, The ratioc between the ghmmeter
standard-resistor network and the measured
resistance determines what portion of the ohm-~

meter battery voltage is applied to the input
grid of the 12AUT tube,

Thus, for all measurement functions, a voltagse
dependent upon the quantity being measured is
applied to the grid of one-half of the 12AUT twin
triode, With zero voltage input to the 12A17
balanced bridge circuit, each of its tripde sec-
tions draws the same amount of cathode current
and therefore each cathode is at the same volt-
age potential, The meter movement is connecied
between the cathodes of the 12AU7T tube and con-
sequently will not deflect since both cathodes
are at the same potential,

When a positive voltage (from the Range switch)
1s applied to one-half of the 12AUT tube, this
half of the tube draws more current than the
other half, causing a2 difference in cathode po-
tential between the two tube sections, Since the
meter is connected between the two cathodes, a
current flows through the meter movement, The
meter pointer responds proportionally to this
current, indicating the value of veoltage or re-
sistance being measured, The DC+ and DC-
switch positions are used to reverse the meter
connections between the cathodes so that cur-
rent always flows through the meter inthe same
direction,

The use of the bridge eircuit minimizes any

change in the voltage reading if the B+ voltage
in the VTVM should vary since the resulting
variation in tube conduction will occur in both
triodes and, therefore, will not affect the dif-
ference in cathode potential, Also, the maximum
conduction characteristics of the 12AUT tube, as
used in the VTVM circuit, are such that the
voltage applied to the meter terminals cannot
be large enough to damage the meter movement,
This is one of the primary advantages of the
VTVM circuit, The meter movement cannot be
burned out by inadvertently measuring a voltage
that is higher than the Range switch setting,
However, if excessive voltage is applied, the
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Lo

pointer may be bent as it hits against the stop,
Caution must also be exercised to avnid ap-
plying any test voltage to the test probe when
the Function switch is set in the OHMS pasition,
The precision resistors in the ohmmeter volt-
age divider network have verylow power rafings
and can easily be burned in this way,

The power supply of the VIVM uses a silicon
diode in a half-wave rectifier circuit, An elec-
trolytic capacitor is used for filtering the DC
voltage from the power supply, The pawer supply
provides both B+ voltage for the 12AU7 tube and
positive DC "buck-out" voltage for the AC
balance circuit,

FPARTS LIST

NOTE: The nuntbers in parentheses in the Parts List are
keyed to the numbers on the Parts Pictorial (fold-uui from
Page 9) to aid in parts identification.

FART PARTS DESCRIPTION
No, Per Kit
RESISTORS
(1)1-3 1 100 2 1/2 watt
: (brown-black-brown)
1-20 1 10 KQ 1/2 watt
(brown-black-orange)
1-23 1 27 K 1/2 watt
(red-violet-grange)
1-27 3 150 KQ 1/2 watt
(brown-green-yeliow)
1-126 1 180 K 1/2 watt
(brown-gray-yellow)
1-35 1 1 megohm 1/2 watt
(brown-black-green)
1-38 1 3.3 megohm 1/2 watt
(orange-orange-green)
1-40 1 16 megohm 1/2 watt
(brown-black-blue)
1-70 6 22 megohm 1/2 watt
(red-red-blue)

(2)2-24 1 90 € 1/2 watt precision
2-29 1 900 & 1/2 wait precision
2-35 1 9 KQ 1/2 watt precision
2-50 1 10 K@ 1/2 watt precision
2-39 1 21,62 K 1/2 watt precision
2-40 1 68.38 KO 1/2 watt precision
2-41 1 90 KQ 1/2 watt precision
2-86 1 150 K2 1/2 watt precision
2-42 1 216,2 K 1/2 watt precision
2-138 1 400 K2 1/2 watt precision

To order replacemeni parts, refer to the Replacement Tarls
Price List and use the Parts Order Form furaished with Lhis
kil.

PART PARTS
No, Per Kit

DESCRIPTION

Resistors (cont'd.)

2-45 1 683.8 K& 1/2 watt precision

2-123 1 800 KQ 1/2 watt precision

2-51 1 900 KQ 1/2 watt precision

2-148 1 2,162 megohm 1/2 watt

2-14'7 1 6.838 megohm 1/2 watt
precision

2-52 1 9 megohm 1/2 watt pre-
cision

9.1 & 2 watt precision
(white-brown-gold)

*NOTE: This resgistor is a 2 watt wire-wound
resgistor, but is the same sizeasal watt COMpo-
S8ition resistor,

CAPACITORS
(4)21-27 2 005 wfd disc ceramic
123-91 1 .047 ufd 1600 V tubular
(5)23-81 2 .05 ufd 400 V tubular
(6)25-19 1 20 ufd 150 V electrolytic

CONTRQLS-SWITCHES

(TY10-57 3 10 KQ tab-mounting control

(8)10-142 2 10 K2 vernier control
63-500 1 Range switch

(9)63-501 1 Function switch
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PART PARTS
No, Per Kit

DESCRIPTION

TUBES-LAMP-DICDE

411-25 i 12ATIT tube

411-40 ! BALS tube
(10)412-36 ! Neon lamp
(11)55-27 [ Silicon diode

TERMINAL STRIPS-SQCKETS-JACK-PLUG

HARDWARE

(30)250-49
(31)250-1186
(32)250-89
(33)250-54
(34)250-155
(35)250-68

H

4
1
2
2
(36)252-1 3
(12)431-50 1 1-lug terminal strip (37)252-3 &
(13)431-5 1 4-lug terminal strip (38)252-7 5
(14)431-12 2 4-1ug terminal strip (39)252-32 1
(15)431-40 1 ¢-lug terminal strip (40)252-49 2
(16)431.-77 1 5-lug terminal strip (41)253-2 3
{17)434-15 1 7T-pin tube socket (42)253-10 D
434-16 1 9-pin tube socket (43)253-19 4
436-20 1 Phone jack (44)254-7 4
436-28 1 Phone plug (451254-1 13
(4c1254 4 5
PROBE PARTS (4")2;5 44 2
(48)259-1 1
(18)253-51 1 E washer
8(9]))?56-15 2 1/168" x 1/8" rivet
258-53 1 Frobe contact loadine sprin -
(21)459-46 7 Probe switch lever ~  ~  MISCELLANEOUS
(22) 459-47 1 Probe insert insulator _
(23)459-14 1 Front section of probe body 24-2-24 1
(24)459-45 1 Center section of probe baody 19~ 30 1
(25)459-43 1 Rear section of probe body( g)gghz(}z i
26)477-
(26) 11 1 Probe spike 9601 {
(50726051 1
(51)261-28 4
WIRE-SLEEVING 391-34 1
40775 1
340-2 1 Bare wire (52)413-11 1
341-1 1 Black test lead 439_97 1
343-11-1 1 Shielded test lead (53)455- 50 9
344-58 1 Hookup wire 462-245 9
346-1 1 3leeving (54) 490-5 1
D97-260 1
297-308 1
1
METAL PARTS )
90-262-2 1 Cabinet
200-524 1 Chassis
203-351-2 1 Front panel NOTE: COne gizs
204-254 1 Battery bracket will alsc be necd=3
204.542-2 1 Gimbal bracket vicn o vour VIS
(28)214.2 1 Battery housing cup e battery asw
(29) 258-7 1 Battery spring VIVM as  soom

o

DESCRIPTION

3-48 x 1/4" screw

6-32 x 1/4" screw (hlack)
6-32 % 3/8 S5Crev

10-32 x 5/8" screw

+6 sheet metal serew ihlack)
*7 X 3/4" wood screw

2-48 nut

E-32 nut

Contrel nut

Push-on speadnut
Thumbnut
=0 Ziber shoulder washer
Control fl1at washer

=10 [iat washer

=3 ocawasher

=h lorkwasher

Control Iockwasher
Ihreaded spacer

=0 solder 1u

|i‘r']

Power transformer

Strain relief, round cord
Strain relief, flat cord

Line cord

Alligator elip

Alligator clip, threaded
Plastic foot

Identification label

Mater

Neon lamp lens

Line cord adapter

Knob bushing

Knob

Nut startey
Parts Onr ey
Kit Builr

E i
E.'Tf.__.;.ll E = :,"1",:';1‘]1"_ 2OVEY fDI’
bey

l o volt flaghlicht battery
before the ochimmaeter fl_nc-

v ran be used, By pur chasing
©arw vou will be able to use wour
as assembly is corcplsted,
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STEP-BY-STEP ASSEMBLY

CHASSIS PARTS MOUNTING

NOTE: In the following two steps, be sure to
mount the tube sockets from inside the chassis,
as shown in Pictorial i,

Refer to Pictorial 1 for the following steps.

NOTE: A plastic nut starter has been provided
with this kit, Use it to hold and start nuts on
screws, See Page 3 of the Kit Builders Guide
for more information,

( ) Referring to Detail 1A, mount the §-pin tube
socket at V2, Use 3-48 x 1/4" screws, #3
lockwashers, and 3-48 nuts, Position the
blank space as shown by the heavy arrow,

&3 3- 48 NUT

@%-.’3 # 3 LOCKWASHER

3~48x)/4a SCREW

4
Detail 1A

( ) Similarly, mount the 7-pin tube socket at
Vi,

NOTE: When mounting the terminal strips, note
the position of the mounting Jug of the different
types of 4-1lug terminal strips furnished, Be sure
to use the correct terminal strip in each step, as
indicated in Pictorial 1,

( )} Prepare the power transformer (#54-2-24)
leads as shown 'in Detail 1B, Strip 1/4" of
msulation from each lead end, Tin each lead
by melling a small amount of solder on the
lead end to hold the wire strands together,

NOTE: Use an extra lockwasher between the ter-
minal strip mounting foot and the chassis as
shown tc prevent the terminal strip from turning
while tightening the mounting screw,

PICTORIAL I \

FROM BOTTOM EI‘JCxES

MEASURE ALL LEADS
’ OF TRANSFORMER.

BYEL = 34

T

RED 3-3as4ar

BLK-RED 2~
BLK-GRN 2¥
BLK-YEL 2%
BLK 2%

Detail 1B
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HETE- BE SURE TO USE CORRECT
d-lwn TERMINAL STRIF AT B
NOTE POSITION OF MQUNTING UG,

BLH—_G'-'-?E“#

& L#-vEL

@ 6-32 NUT

, #6 LOCKWASHER

GEo) % 8 Logkwa srER
oy LI

g B—32 X3/B SCRLW

Detail 1C

:
é

5

/;. T '-E - .
// PRSI h a T : . .
-‘--.. l-l- L] --l- y

kY

=l

X

/

( ) Referring to Detail 1C, mount the power

transformer at C, Mount 2 4-lug terminal
strip at B and a 5~lug terminal strip at D,
Use 6-32 % 3/8" screws, #6 lockwashers,
and 6-32 nuts, Be sure to insert the frans-
former leads through the cutouts in the chas-
515 as shown,

#6 LOCKWASHER

B

76 SHOULDER WASHER
&-3Z2 NUT '

- \/”’

BATTERY BRACKET

NOTE POSITIONIMNG OF HOLES

PICTORIAL 1
(Repeat)

N

() Referring to Detail 1D, mount the battery

spring to the battery bracket, using a 6-32
x 3/8" screw, #8 fiber shoulder washer, #3
lockwasher, and a 6-32 nut,

Mount the battery housing cup tothe battery
bracket, using a 6-32 x 3/8" screw, #85
fiber shoulder washers, #6 solder lug, and
a 6-32 nut, Position the solder lug as shown,
Be sure that the shoulder washers are geated
In the holes before tightening thé hardware,

B8 SOLDER LUG

'\ 7 B—32 HMHUT
= !

I e
% (&5 <

I

Iy J‘:
/ 2% 6 SHOULDER

WASME R
T
-‘-\_\-‘-\-\_‘-H_._\J

Detail 1D




Pace O

pe—6-32 NUT

@‘,_4 & B8 LOCKWASHER

6-32 X3/8"SCREW

Detall 1E

( ) Referring to Detail 1E, mount the battery
bracket at G, a 4-lug terminal strip at ¥,
and & 1-lug terminal strip at B, Use 6-32
X 3/8" screws, #6 lockwashers, and 6-32

nuts,

( ) Referving to Detail 1F, mount a 4-lug termi-
aal strip at E, using a 6-32 x 3/8" serew,
#6 lockwashers, and a 6-32 nut,

() R37, Referring to Detail 1G and Pictorial 2,
niount a 10 K@ tab-mounting control at J,
Twist each tab 1/8 turn with long-nose
pliers,

B~32 NUT
76 LOCKWASHER

6-32 x3/8" SCREW

Detail 1F

} INSERT CONTROL
T | TABS IN SLOTS

TWIST TABS
Yo TURN

Detail 1G

( ) R14, Similarly, mount ancther 10 KQ tab-
mounting control at K,

( ) R15, Mount the remaining 10 K2 tab- mount-
ing control at L,

FOR GOQOD SOLDERED
CONNECTIONS, YOU MUST
KEEP THE SOLDERING

A

iIRON TIP CLEAN...

WIPE IT OFTEN WITH A
DAMP SPONGE OR CLOTH.
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POWER TRANSFORMER WIRING
Refer to Pictorial 2 for the following steps,

Connect the leads of the power transiormier in
the following four steps:

( )} Connect one red lead to lug 3 of terminal
strip ¥ (NS),

( ) Connect the other red lead to iug & of
terminal strip F (NS),

( ) Connect one yellow lead to lug 3 of rube
socket V1 (NS).

( ) Connect the other vellow lead to lug = oI
tube socket V1 (NS).

NOTE: The power transformer has dualprimary
windings and can be wiredto operatefrom either
120 volts or 240 volts, Determine the AC ling
voltage in your area and perform either the 7120
Volt Wiring'' or the 240 Volt Wiring" steps
which follow,

120 Volt AC Wiring
( ) Black to lug 1 of terminal strip B (NS).

( ) Black-green to Iug 1 of terminal strip B
(NS).

( ) Black-yellow to lug 1 of terminal strip E
(NS).

( ) Black-red to lug ! of terminal strip E
(NS),

240 Volt AC Wiring

Refer to the inset drawing on Pictorial 2 for the

following steps,

( )} Black to lug 1 of terminal strip B (NS),

( ) Black-green to Iug 1 of terminal strip D
(NS),

( )} Black-vellow to lug 1 of terminal strip D
(8-2)1

( ) Black-red to lug 1 of terminal strip E (NS),

CHASSIS INITIAL WIRING
Refer to Pict-rial 2 for the following steps,

NOTE: It mav make the wiring easier in the
following srscs ro precut and strip the ends of
the hoockur =:res, Remove 1/4" of insulation
from each eni -f the wires and lay them in the
order listed,

( ) Cut the f:llcwing lengths of hookup wire,
51! 5-- 7_1/211
6.1/2" 2-1727 7-1/2"
5-1/2" Tel =7 8"
gr T-12T

( ) Strip another 2 2 of ingulation from one
end of 2 3" wir<, Pass the longer stripped
end through iuz 1 {S-2) to lug B (5-1) of
tube socket V2, T :anect the other end of this
wire to lug 1 : -erminal strip H (NS),

[ ) Connect a 6-1-
nal strip D N
H (NS),

" owire from lug 2 of termi-
- :2 Yag 1 of terminal strip

Hi

. ) Strip an additior:uzl 12" of insulation from
one end of a 5-1 2 wire, Pass the longer
stripped end thr-ich lug 1 of control L
(S-2) to lug 3 of croniral K (NS). Connect the
other end to Iuz 3 =f tube socket V2 (8-1),

\ Connect one end of zn & wire tolug 8 of tube
socket V2 (8-1). R=ite this wire as shown
and leave the other end {ree,

{1 Strip another 14" =f insulation fromone end
of an 8" wire, Pass this longer stripped end
fnrough lug 1 (S-20 1o lug 2 (S-1) of tube

socket V1, Route this wire as shown and
leave the other end irse,

. ) Strip another 1.4 Zf iasulation from each
end of a 2-1/2" wirs, Pass one end through
lug 4 (8-3) to lug * ¥3) of tube socket V1,

( | Pass the other end i this wire through lug
5 (S-2) to Jug 1 153-11 of tube socket V2,

{ 1 Connect one end < & “-1/4” wire tolug 1 of
terminal strip E (£-3° (8-2 for 240 volt wir-
ing), Route this wirz 33 shown andleavethe
ather end free.
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S BLroEL ‘ _ i @_
=

B i€ a
) —

3 @ BLK-REDX
/
4

| -
i‘ N
v

BLA-RED
_K-YEL \

BLK-SRN
_ [ 8

( ) Connect a bare wire from lug 9 of tube
socket V2 (5-1) to lug 3 of tube socket V1
(8_2}0

NOTE: The wires installed in the next four steps
will not be soldered, When connecting these
wires. make good mechanical connections to hold
the wires in place mntil the lugs to which they
are connected are soldered later,

() Connect one end of a 7-1/2" wire to lug 3
of terminal strip ¥ (NS), Route this wire as
shown and leave the other end free,

120 VAC WIRING \

PICTORIAL 2 \

( ) Connect one end of a 7-1/2" wire to lug 2
of terminal strip E (N8), Route this wireas
shown and leave the other end free,

( ) Commect one end of a 7-1/2" wire to lug 4
of terminal strip B (NS), Route this wireas
shown and leave the other end fres,

( ) Conneet one end of an 8" wire to lug 3 of
terminal strip B (NS), Route this wire as
shown and leave the other end free,
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COMPONENT INSTALLATION

Refer to Pictorial 3 for the following steps,

( ) R10, Connect a 22 meochm (red-red-blue)

resistor between lugs 3 (NS) and 5 (NS) of
terminal strip D,

R38, Connect a 10 K@ (brown-black-orange)
resistor from lug 2 of terminal strip D
(5-2) to lug 1 of control J (8-1),

RY9, Connect a 22 megohm (red-red-blue)
resistor from Iug 5 of terminal strip D
(S-2) to lug 4 of terminal strip E (NS),

R8, Cannect a 22 megohm (red-red-blue)
resistor between lugs 2 (NS) and 4 (S-2)
of terminal strip E,

R11, Connect a 22 megohm (red-red-blue)
resistor from lug 3 of terminal strip D
(8-2) to lug 2 of control J (8-1),

R36, Pass one lead of 2 100 § (brown-black-
brown) resistor through lug 3 of terminal
strip E (NS) to lug 5 of tube socket V1
(85-2). Connect the other lead of this re-
sistor to lug 3 of control J (N3),

R7, Connect a 22 megohm (red-red-hlue)
resistor from lug 2 of terminal strip E
(5-3) to lug 7 of tube socket V1 (NS),
Use sleeving on the lead to V1,

R6, Connect a 22 megohm (red-red-hlue)
resistor from lug 3 of terminal strip F
(NS) to lug 7 of tube socket V1 (NS),

C3, Referring to Detail 3A, connect the
lead from the marked end of a ,05 ;.fd
tubular capacitnor to lug 3 of terminal
strip E (S-4), Connect the other lead to Iug 7
of tube socket V1 (8-3),

NOTE MARKING OGN TuUBULAR CAPACITOR
EITHER SHOULDER QR BAND

'

j 71_ —

—
e :.'/. T, . ~ .;__d__..-a—-;

MARKED EMND MUST BE PLACED
AS SHOWN IN THE PICTOR|AL

Detail 3A

{

N

SOLDER
=N
: . {;W;_q. .
Detail 3B

) Referring to Detail 3B, prepare aresistor-

capacitor combination as shown, using a
10 megohm (brown-black-blue) resistor
and a 005 ufd disc ceramic capacitor,

) R16, C5, Connect this combination from lug

2 of terminal strip B (NS) to lug 7 of tube
socket V2 (S-1}.

) R5, Coanect a 150 KQ (hrown-green-yellow)

resistor between lugs 1 (N8) and 4 (S-2)
of terminal strip B. This resistor must be
placed directly above the terminal strip,

) R12, Connecta 3,3 megohm {oranze-orange-

green) resistor from lug 2 of tube socket V2
(NS) to lug 1 of terminal strip F (NS),

) C4, Connect a 005 pfd dise ceramic ca-

pacitor from lug 2 of tube socket V2 (S5-2)
to lug 2 of terminal strip F (8-1),

) €6, Connect the negative (-) lead of the

20 pfd electrolytic capacitor o lug 3 of
terminal strip ¥ (S5-3), Connect the posi-
tive (+) lead to lug 1 of terminal strip H
(NS},

) D1, Connect the cathode (K) lead of the

silicon diode to lug 1 of terminal strip
H (5-4), Connect the other lead to lug 4
of terminal strip I (5-2), See Detail 3C,

MOTE  PLACE SHLICON RIQDES WITH THE CATHORE ENG
At UIRECTED THE CaTHQDE END hMay BE IDENVIFIEDR BY
A COLOR DOT,

e

COLOR TND, CR COLOR HAaND
@17 P —“: ‘

— H- )“’ I: = I:.r;\;l_ -
Detail 3C

) Separate the thres wires of the line cord

for a distance of 1-1,/2" from the endof the
cord, Make sure that 1/4" of insulation
18 removed from the end of each wire,

Twist each exposed lead end of the line
cord tightly and apply a small amount of
solder to hold the fine wire strands together,
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RIBBED

NOTE: Observe that the two edges of the flat
line cord are different, One edge is smooth but
the other edge is ribbed for identification,

. ) Insert the line cord through hcle A in the
chassis, Connegct the ribbed lead to lug 1
(8-4), (S-3 for 240 volt wiring), the green
lead to lug 2 (8-2), and the smooth lead to
lug 3 (S-2) of terminal strip B,

NOTE: Do not plug the line cord intg an AC
power outlet until specifically instrueted to do so.

J PICTORIAL 3

( ) Install the proper strain relief in hole A,
Detail 3D shows the strain relief (#75-71)
for the flat line cord supplied with the kit,

If 2 round line cord is used, install the
other strain relief,

() Lay the chassis aside until called for later,

Detail 3D
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FRONT PANEL PARTS MOUNTING

: :
S | . \ F_f@
Refer to Pictorial 4 for the following ateps. N A2
A /
NOTE: Placea soft cloth
on your work area to T i Al
prevent marring the
front panel and the NEON
mEtEI’, J( I,/::g:jg P N
| -~ N
( ) Install the neon ! / \
lamp lens at S, us- . ™ |
. FIRONT !
mg the push-on PANE L |
Speednut, See De- , \
tail 4 A, Detail 4A \ y
( ) R13, Referring to Detail 4B, mount a 10 K5 N "
control (#10-142) at R, Use =2 contrel
lockwasher, control flat washer, and a
control nut, “
CONTROL NUT 1
11 CONTROL
N LGCKWASIHER
CONTROL @\@ o
FLAT WASHER. , )
Detail 48
( ) R33, Similarly, mount the other 10 KO
control at T,
Ay
( ) Referring to Detail 4C , mount the phone jack \_
at U, using a control lockwasher. control flat
washer, and a control nut, Position the jack
as shown, )
CONTROL NUT /
@@\@\ — o
FLAY TE;.—SHER | @\ ~ PICTORIAL 4
/  CONTROL =k PHONE
LOCKWASHER Y JACH
Detail 4C ( ) Similarly, install the remaining threaded
() Referring to Detail 4D, mount the re- spacer at W,
maining 4-lug  terminal strip  at Q,
using the black 6-32 L () Lay the front panel aside until called for
X 1/4" screw, #6 SN I

(

lockwashers, and a
6-32 nut,

) Referring to Detail
4E, install a thread-
ed spacer at V, us-
ing a 10-32 x 5/8"
screw and a#10flat
washer,

FO ILQCHKWASHER é%

later,

S

oo I g 10-32 THREADED
(o 5 SPACER
€-32 % 149" 5CREW &I
Detail 4D

e 21D FLAT é _ .,
S/ WASHER 'Sﬂcfgwﬁfﬂ

Detaijl 4E
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RANGE SWITCH
Z 63 -500

WAFER "C* - . [

FLAT SIDE
FACING DOWN

2 2% i _

&2

PICTORIAL 5A

RANGE SWITCH SUBASSEMBLY

Refer to Pictorial bA for the following steps.

i ) Locate the Range switch (#63-500), Turnihe
shaft completely counterclockwise, then
place the switch on your work area with the
flat portion of the shaft facing down,

NOTE: The Range and Function switches have
three wafers, each with several lugs, The first
vafer (nearest the knob end of the shaft) is
called wafer A, the middle wafer is B, and the
rear wafer ig C, The lugs on each wafer of the
dange switch are numbered as shown in Pic-
torial H5A, FPor instance, lug B4 refers to lug 4
on wafer B,

CAUTION: Be sure that the resistors do not
rauch the switeh frame or shaft,

. ) R20, Connect pne lead of a 216.2 KO re-
sigtor to lug C2 (INS), Pass the other lead
through lug Bl (NS) and connect to lug Al
(S_]')I.

() Couneet a bare wire from Ilug C2 (NS)
through lug B2 (S-2) to lug A2 (5-1),

() R18, Connect a 2,162 megohm resistor from
lug C4 (NS) through lug B3 (NS) to lug A3
(S-1),

( ) Connect a bare wire from lug C4 (NS)
through lug B4 (S-2) to lug A4 (S-1),

( ) Ri7, Connect a 6,838 megohm resistor
from lug C4 (S-3) through lug B5 (8-2)
to lug A5 (NS),

Complete the Range switch subassembly as
follows, Make sure you use the precision
registors in the following steps,

Connect From To
( ) R21, 68,38 K2 B1 (5-3) C12 (NS)
( ) R19, 683,8KQ2 B3 (S-3) C2 (5-3)
{ ) R24, 9 megohm B6 (NS) C5 (S-1)
( ) Bare wire B6 (NS) C8 (S-1)
( ) R25. 900 KQ  B6(S-3) CT (NS)
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el

" FLAT $iDE

RANGE SWITCH
BLANK SPACE

PICTORIAL 5B

Refer to Pictorial 5B for the following steps.

Connect From To
( ) R4, 800 KQ AT {NS) All (NS)*
() 1-3/4" hookup AT (NB) Al0 (8-1)
wire
( ) R2, 150 K@ A9 (NS) B7 (NS)
( ) R3, 400KR A9 (S-2) AT (8-3)
( ) R23, 10 KQ B7 (NS)  BI11 (NS)
( ) R26, 90 KQ B8 (NS) C7 (8-2)
( ) Bare wire B8 (NS) C8 {5-1)
( ) R27, 9 KQ B8 (3-3) C9 (NS)
( ) R28, 900 B10 (N8) 9 (8-2)
( ) Bare wire B10 (NS) Ci0 (8-1)

( ) R29, 00 Q B10 (S-3) C11 (NS)

*Pogition away from rotor and shaft,

Connect I'rom T0O

( ) Bare wire B12 (S-1} C12 (NS)

( ) R22, 21,62 KQ B11(S-2) C12 (8-3)
( ) R30, 910

(white-brown-gold)

C11 (8-2) C1 (NS)

NOTE: All lugs should new be soldered except
A5, AG, A8, All, BT, B9, Ci, and C3.

SWITCH, KNOB AND METER INSTALLATION

Hefer to Pictorial 6 (fold-out from Page 10)
for the following steps,

( ) Referring to Detaii 6A, mowtt the Funetion
switch {#63-501) at P, Use a coatrol lock-
washer, control flatwasher. and a control
nut, Position the lugs as shown in Pice-
torial f,

CONTROL MNUT

CONTROL

@L@\, @\LDCHWASHEH
CONTROL ( | @{- s
FLAT WASHER AV

S

Detail 6A

( ) Mount the Range switch at N, using a cone-
trol lockwasher, control flat washer, and a
control nut, Position the flat of the shaft so
that it is away from the 1.5 V position, with
the switch shaft turned fully counterclock-
wise,

NOTE: The knobs supplied with this kit use knob
bushings that provide permanent positive orip-
ping without the use of setscrews, Inthe following
steps you will install a knob on each of the two
switch shafte as shown in Detai]l 6B. Perform
these steps carefully since it is very difficult to
remove 3 knob bushing from a knob once it is
fully inserted,

Fach knob will be made to align with particular
switch markings, Whenever you remove a knob.
be sure to replace it on the same switch shaft,
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] I ( ) Carefully remove the knob bushing and knob
5 a together,
SCREWDRIVER] Il
HANDLE '] -
_ | ( ) Place the knob on a table or other bard sur-

‘ face, then press the knob bushing firmly into
N the knob, Use a towel or soft ¢loth on the
work surface to avoid scratching the knob,

| ( ) Pvess the knob and hushing firmly onto the

TR NDE ‘ ‘

 ” L BUSHING Iy coo _
. AR Cag s swilh shiaft,
' J%‘h—-—ali'mmg OEETH?SGQ
! .
sua W‘“ e K NQE ™ ! ( ) Repeat the above Knob Installation steps to
CFENING f*\:\& | E‘UEHWG“EiGﬂm} install the kmob on the remaining switeh
Q\Y(/Iﬂ; T shaft,
. AN kNGH | |
() Unpack the meter and remove the shorting
Detail 6B wire from between the meter lugs, If the
lugs arenot positioned as shown in Detail 6C,
carefully loosen the nuts that hold the lugs
} Push a knoh bushing part way onto each of ontc the meter while holding the lower nuts,
| the switch shafts, Then turn each shaft o Turn the lugs to the position shown and re-
its full counterclockwise position, tighten the nuts,
. ) Line up the white index mark of aknob with ( ) Referring to Detail 6C, mount the meter and
the full counterclockwise marking on the chassis to the front panel, using the hard-
panel (AC OFF) of the funetion switch, Then ware supplied with the meter.

press the knob lightly onto the knob bushing,

{ ) Turn the knob ciockwise to each of the | e
switeh stop positions, Check to see that the | o
pointer lines up with each panel marking, el T i mMETER R
r iﬁ.METEH |27 KWASHER
NOTE: Perform the next three steps only if the f/ . - F)’rwwﬂ
pointer does not line up at each switel marking, R T
Ny . e
I. { ) Turn the knob pointer to the mid- .
position marking on the panel, - f
|
: I
2. { ) Remove the knob from the bushing . "
and turn it slightly to line up the pointer A

with the mid-pos&ition marking,

3, ( ) Press the knob slightly onto the knob
bushing, Then turn the knob te each
switch position and recheck the pointer
alignment, If more than slight error is
noticed at either end position, repeat Detail 6C
these three steps,
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FINAL WIRING

Connect the free ends of the wires coming from
the chassis inthe following steps, Refer to Picto-
rial 6 (fnld-out from Page 10),

( ) Connect the wire coming from lug 3 of
terminal strip ¥ to lug 1 of terminal strip
Q@ (NS),

( ) Connect the wire coming from lug 1 of tube
socket V1 ta lug 4 of terminal strip @ (NS),

( ) Connect the wire coming from lug 4 of
terminal strip B to lug 2 of terminal strip
Q@ (NS),

() Connect the wire coming from lug 1 of
terminal strip E to lug 3 of terminal strip

@ (NS).

Leave the wires coming from lug 3 of terminal
Strip B, lug 2 of terminal strip E, and lug
8 of tube socket V2 free, They will be con-
nected later,

() Prepare the following lengths of hookup wire,

4-1/9" 5

Bt T-1/2"
511 311
6-1/2"

( ) Connect a 4-1/2" wire from lug 1 of control
T (NS) to lug 2 of control R (S-1),

( ) Connect a 5" wire from lug 4 of terminal
strip D (S-1) to lug 1 of phone jack U
(NS):

() Insert the neon lamp (#412-36) into the neon
lamp lens at S,

() Connect one lead of veon lamp 8§ to lug 2
(S-2) and the other lead to lug 3 (NS) of
terminal strip Q,

( ) Connect 2 5" wire from lug Al of switch
P (3-1) to lug A6 of switch N (S-1),

( ) Connect a 6-1/2" wire from lug A2 of
switch P (S-1) to lug C3 of switeh N (S-1).

( ) CI, Connect the lead from the marked end
of the ,047 ufd 1600 V capacitor to lug A4
of switch P (S8-1), Connect the other lead
to Tug All of switch N (S-2), Use gleeving
on both leads,

() Connect a bare wire from Iug A6 of switch
P (8-1) to lug A5 of switch N (S-2), Use
sleeving,

( ) Connect a 5" wire from Iug 2 of control ¥
(3-1) to Iug Bl of switch P (S-1),

( ) Connect one end of a 7-1/2" wire to lug
B2 of switch P (38-1), Insert the other end
of this wire through the slot in the chassis
and connect it to Iug 1 of the meter (S-1),
See Detail TA |

( ) Connect a 3" wire from lug 2 of control L
(5-1) to Iug B4 of switch P (8-1),

Refer to Pictorial 7 (fold-out from Page 10) for
the following steps,

{ ) Prepare thefollowing lengths of hookup wire,

6" 2" 7-1/2"
8" 3-1/2" 5"

6” 2_1/211 41!
6-.1/2" 7-1/2"

( ) Connect a 6" wire from Iug A8 of switch
P (5-1) to lug B8 of switch N (S-1},

( ) Connect one end of an 8" wire to lug BS of
switch P (S-1), Insert the other end through
the slot in the chassis and connect it to
lug 2 of the meter (8-1), See Detail 7A.

- &

BATTERY
CASE
\

Detail 7A
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{ ) CZ. Connect the lead from the marked end
of the ,05 pufd tubwar capacitor to Iug A8 of
switch N {S-1), Connect the other leadtolug
4 of terminal strip Q (S-2),

{ ) Connert the free end of the wire coming
from lug 3 of terminal strip B to lug C1 of
switch P (S-1),

{ ) Connect the free end of the wire coming
from lug 2 of terminal strip E to lug A7
of switch P (8-1),

( ) Counnect a 6" wire from lug 3 of control R
(5-1) to lug B6 of switch P (S-1},

( ) UConnecl a 27 wire between lugs A3 (5-1) and AS (N3)
ol switch P. Use sleevinig.

() Connect one end of a 3-1/2" wire to lug 2
of phone jack U (85-1), Slide sleeving over
this wire, Connect the other end of this
wire to lug A of switch P (8-2),

( ) Connecta 2-1/2" wire from lug 3 of termi-
nal strip Q (8-3) to lug C2 of switch P (S-1),

( ) Connect a 7-1/2" wire from lug 3 of
control T (NS) to lug BT of switch P (NS),

( ) Connect the free end of the wire coming from
Iug 8 of tube socket V2 to lug BT of switeh
P (S-2),

( ) Conunect a 7-1/2" wire from lug 1 of termi-
nal strip ¥ (S-2) to lug A9 of switch P (S-1),

( ) Connect one endofa6-1/2" wiretolug C1 of
switch N (5-2), Insert the other endthrough
the hole near terminal strip ¥ and connect
it to the solder lug on the battery bracket
(S-1).

( ) Connect a 5" wire from lug 1 of phone jack

U (8-2) to lug B7 of switeh N (8-3),

( ) Connect a 4" wire from lug 1 of control T
(NS) to Tug 3 of control K (8-2).

( ) R35, Connect a 27 KQ (red-violet-orange)
resistor from lug 3 of control J (8-2) to
Iug 1 of terminal strip @ (NS),

| IMPORTANT WARNING.

() R31, Connect a 180 K (brown-gray-yellow)
resistor from lug 1 of control T (S-3) to
lug 1 of terminal strip Q (INS),

( ) R32, Connect a 150 KQ (brown-green-vyel-
low) resistor from lug 2 of control 7T
(S-1) to lug 1 of terminal strip Q (NS).

TUBES CAN BE
DAMAGED WHEN INSTALLING THEM IN
THETR SOCKETS, THEREFORE, USE EX-

TREME CARE WHEN INSTALLING TUBES
As WE DO NOT GUARANTEE OR REPLACE

TUBES BROKEN DURING HANDLING OR
INSTALLATIQN,

() R34, Connecta 150 KR (brown-gresn-yellow)
1/2 watt resgistor [rom lug 3 of control T
(8-2) to lug 1 of terminal strip Q (3-5).

( ) Insta]l the tubes in their zppropriate sock-
et (V1: 6AL5S, V2 12A07).

PRELIMINARY TEST

Carefully inspect the instrument and check the
arrangement of all wiring, Be sure the wiring
and compenents are not positioned in such a
way that short circuits may occur, Check all
solder connections, Gently shake out all lgose
wire clippings. insulation, and other debris that
may have accumulated during the assembly of
the instrument,

NOTE: The switch lug between lugs B2 and B4
of switch F is not used,

Plug the VTVM line cord into the appropriate
AC power source, Turn the Function kngb tathe
DC+ or DC- position and the Hange switeh to
the 1.5 V position, The tubes and pilot Iamp
should light after a few seconds of warmup
time, When the VTVM is first turned an, the
meter pointer will normally deflect fo full scale
and then return to, or near, the zero position,
This is caused by the 12AUT tubhe stabilizing
during warmup, There should be some degree
of ZERQ ADJ control action which will permit
the meter pointer to deflect over a limited
range of the dial, During the preliminary test
warmup, checlk the instrument assembly very
carefully for anv indication of overheating, If
the VIVM does not function in the prescribed
manner or if overheating occurs, turn the unit
off and refer tc the In Case (Of Difficulty
section ¢f the manual,
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Assuming that the instrument will respondinthe
manner Indicated, it will be safe to leave it
turned on to thoroughly warm up while the
balance of the kit project is completed; this will
consist of test probe preparation,

PREPARATION OF TEST PROBE AND LEADS

Refer to Pictorial 8 for the following steps,

NOTE: Read the remaining assembly steps up to
"Test And Calibration' and familiarize yourself
with the completed assembly and parts before
proceeding,

( ) Locate the probe ingert insulator, Ifneces-
sary, remove any "'flash' or sharp edge on
the insert insulator with a file or penkunife,

( )} R1, Locate the two small rivets, the probe
insert insulator, and the 1 megohm (brown-
black-green) resistor shown in Detail A,
Insert the rivets into the holes in the in-
sulator sc that the head of each tivet rests
on the small shoulder around the holein the
insulator, Now turn the insulator over and
lay it flat on the workbench,

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

( ) Insert the resistor leads into
the rivets and lightly crimp the
rivets with long-nose pliers or
diagonal cutters to hold the re-
sistor,

NQOTE: Before proceeding fur-
ther, check the position of the
registor on the insulator, With
the notch in the insulator
facing you, the resistor should
be on the left-hand side,

>_/ SHIELDED
TEST CABLE

Ll

¢/ 4 REAR SECTION
QF PROUBE BODY

CRIMF KEEP SOLDER
AWAY FROM EDGE

Detail 8A

ALLIGATORCL P
WITH THREADED INSERT

% = WASHEW

) PROBE

FRONT SECTION SWITCH LEVER

OF PROBE BQAODY N,

i -
,{{\,3;, FROBE TR
w LOADING SPRING
PROBE TIF

RROBE INSERT
INSULATUR

gz}&' 776" %) /8" RI|VET

67/
{/” I MO RESISTOR

CENTER SECTION
OF PROBE BODY

/

PICTORIAL 8

( ) Solder the resistor leads tothe rivets, Make
sure the resistor is sguare with the insert
msulator and that the solder flows downthe
rivet 1o hold the rivet tight acainst the
shoulder, NOTE: Keep solder away from the
edge of the insert insulator to provide
clearance for the internal shoulder of the
probe center section,
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__.__-."_ - TD' D » }
( ) Reier to Detail 8P and prepare the shielded CUT TME CABLE ACCORDING TO THE DIMENSIONS BELOW.
cahle as shown, PREPARE EACH EMD AS SHOWHM.

DIMENSIONS

NOTE: In the following steps, take special care
to avold melting or cutting the inner plastic
insulation of the shielded test cable, When
soldering, hold the wire with long-nose pliers TAKING CARE NOT TO CUT THE OUTER SHIELD OF VERY
near the iHSUIEitiDH tC! C_t{:ll‘]d'l_'l.[}t -the heat EIWE.:Y -'.THIN WIRES. REMOVE THE QUTER INSULATICHN.

from the plastic insulation, '

1
: ] _ . TWIST THE SHIELD WIRES INTQO OME STRAND REMOVE
( ) Wrap the end_Wlt_hO'—It the shield around the THE INMER |NSULATION. THEN TIN THE END OF THE
curved lead of the resistor and solder as INMER CONDUGCTOR, DO NOT TIN THE SHIELD.
shown in Detail 8C, Use only enough heat SOLDER
. : S b
to cause a good solder connection, being s P = -
careful not to melt the inner insulation of giff; i TINNING
the shielded cable, N
Detail 8B
y FLAT 31DE OF SHaFT
. ALIGNS WITH TaABSE CN "Taﬁi
% ' ' FrRONMT SECTICN AND
[i""J _— 4:-“55;-3 ' SWITCH LEVER. '
CLIP OFF
SHIELD WIRES
FREOEE
SFIKE
. FLAT
Detail 8C -
e =z
(.t ; == \
RETA4INING
FING NTTCH
{ ) Refer to Detail 8D for the assembiy of the Detail 8D
front section of the probe, Check the probe
spike for burrs and, if necessary, remove
any hurrs before assembly, Assemble the
y probe spike, the spring, the front section

of the probe body, and the switch lever as
shown, Push the switch lever flush against
the front section of the probhe hody sothat the
smezll retaining ring notch in the spike is
exposed, While holding the spike in firmly
against the spring pressure with one hand,
use a screwdriver or nenknife fo insert
the retaining E washer into the noteh in
the spike as shown in Detail 8E, When this
E washer is securely in place, the spike
will be locked to the front section of the
probe body,

Detail BE
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Refer to Detail 8F for final assembly of the
test probe,

( ) Pull the switch lever forward against the
spring tension and temporarily insert 2
sCrap plece of hookup wire hetween the
switch lever and the front section of the
probe body,

( ) Slip the center section of the probe body onto
the shielded cabie,

( )} Gently pulline 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 ifs final shoulder seat,

( ) Insert the tab on the front section of the
probe body into the noteh 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 he-
tween the rivet heads and the front section
of the probe wiil not be made.

() Remove the scrap hookup wire,

NOTE: If the gap between the front and middle
sections i8 naot considerably less than 1/18" the
tab is not properly seated in the notch and the
above steps must be repeated, Also, when
properly assembled, the switch lever will notire.
apbly 'detect,” or drop into place at hoth ex-
treme switch positions,

( ) Screw the alligator elip with threaded insert
all the way onto the threaded probe spike,

()} 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 common test lead will now
be assembled,

( ) Btrip 172" of insulation from both ends of
the black test lead cable.

() Unscrew the cap from the phone plug,

() Insert the test lead cable and the free end
of the shielded cabie through the phone plug
canp,

( ) Now twist the shield wires of the shielded
cable and the wires at the end of the black
cable firmly together and tin the combined
wires as shown in Detail 8G. Also tin the
inner conducting wire of the shielded cable,
Take care not to melt the inner insulation,

In the following steps, you will connect the pre-
pared cables to the phone plug as shown in
Detail 8G, To avoid overheating the cable insu-
lation, first apply a film of solder to the phone
plug terminals and heat thoroughly, then hold
the tinned wires to the phone plug andapply just
encugh heat to melt the solder,

()} Referring to Detail 8G, solder the two
twisted wires to the phone plug, Be careful
nut to melt or burn the inner plastic insu-
lation of the shielded cable, Then sclder the
mner conducting wire of the shielded cable
as shown, being sure the phone plug body
will still fit over the wires, Be sure to use
only enough heat to melt the solder and make
a good connection,

Detail 8G
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() After the wires lhave completely cooled
down, use pliers to bend the tabs on the
phone plug over lichtly to secure the black
cable, Screw the two parts of the phone
plug together,

This completes the phone plug ass embly,

( ) Tin the strands of the iree end of the hlack

test lead and solder it to the alligator clip
a8 shown,

TEST AND CALIBRATION

During the preparation of the test leads, the
VTVM has had an opportunity to warm up
thoroughly and should now be calibrated, If you
wired your VTVM for 240 VAC, read that figure
instead of 120 VAC in thefollowing instructions,

Turn the instrument off and make sure that the
mechanical zero position of the meter pointer is
correct, If not, adjust as follows:

( ) Turn the plastic screw on the meter face
with a screwdriver while gently tapping the
meter face with one finger until the pointer
coincides with the zero line on the left
side of the scale, Turn the instrument on
again,

ZERO ADJUST
( ) Set the Funetion switch to DC+,

( ) Check operation of the ZERO ADJ control,
‘Turning this control should move the meter
pointer part way up scale, Set the pointer to
zero at the left side of the scale and check
for zero positioning when the Function
switeh is changed to DC-, It should be pns-
sible to obtain a ZERO ADJ control positinn
that will permit the meter pointer to rerain
stationary when switching from DC+to DC-,
If there is an appreciable zero shift of more
than two divisions on the scale, it should
be regarded merely as an indication that
additional aging of the 12AUT tube is requir-
ed, This aging can be obtained by leaving
the instrument turned on for a period of 48
hours or more. or through continued use of
the VTVM with periodic calibration,

DC CALIBRATE

( ) Insert the test lead phone plug,

( ) Set the Function switeh to DC+, the Range

(

switch to 1,5 V, and the probe to DC,

) Connect the probe and common test leads to

the flashlight batteryand adjust the DC Cali-
brate control so that the meter pointer falls
directly over the very small red dot on the
meter face, Approach the red dot going up
scale by turning the screwdriver control
and watch the weter read 1,4 volts, and 1,5
volts, and then the red dot, As soon as the
red dot 1s reached, stop turning the DC
Calibrate control, Remember that the Range
switch must be set on 1,5 V for this adjust-
Ment,

OHMS CHECK

(

) Turn off the VTVM,

( ) Ingtall the battery by starting the top (+) end

into the battery cup and then pulling the
spring out and over the bottam (-) end, Now
push the spring and the battervy in so the
spring, battery, and battery cup are all in
line,

Turn on the VTVM and set the Function
switch to OHMS and the Range switch to
RX1K, Set the QHMS ADJ conirel for full
scale (infinity),

Set the probe switch to AC-OHMS (the
position opposite the DC marking) and touch
the probe tothe common test clip, The meter
pointer should drop to zero at the left end
of the scale (no resistance),



Page 24

AC CALIBRATE

NOTE: Your AC power line outlets may be

either the 2-wire or 3-wire types, Determine

which type youhave and complete the appropriate
AC Calibration instructions, Use the AC Cali-
brate With Line Cord Adapter for the 2-wire

outlets and AC Calibrate Without Line Ciord

Adapter for the 3-wire outlets,

AC Calibrate With Line Cord Adapter

( ) Install the line cord adapter on the line
cord,

() Temporarily remove the phone plug from
the jack,

( ) Set the Range switch to 1.5 V and the
Function switch to AC,

( ) Adjust the AC Balance control 8o no move-

ment is detected when switching from AC
through DC- to DC+,

( ) Set the Range switch to the 150 V range if
you wired your VIVM for 120 VAC opera-
tion, or to the 500 V range if you wired the
VITVM for 240 VAC operation,

( ) Set the Funection switch to AC,

( ) Set the AC Calibrate control fully clock-
wise,

( ) Reinsert the phone plug.

( ) Set the switch on the test probe to AC,

( ) Connect the tegt probe to one side of
the AC line and then the other side, Note

the lowest reading and remove the probe
from the AC line,

( ) Now connect the negative meter lead to the
side of the AC line with the lowest reading,
Then connect the test probe to the other
side of the line,

() Adjust the AC Calibrate control until the
meter pointer indicates the line voltage,

( ) Disconnect the test lead and probe,

AC Calibrate Without Line Cord
Adapter

WARNING: When your power line outlet is the 3-
wire, polarized type, DO NOT use the common
(negative) lead of this VTVM ta measure POWEY

line voltages, To do so may short circuit the
power line through the common lead, the chassis,
and the preen line cord wire,

() Temporarily remove the phone plug from the
jack,

() Set the Range switch to i,6 V andthe Func-
tion switch to AC,

() Adjust the AC Balance control 50 no move-
ment is detected when switching from AC
through DC- tg DC+,

( ) Set the Range switch to the 150 V range if
you wired your VTVM for 120 VAT opera-
tion, or to the 500 V range if vou wired the
VTVM for 240 VAC operation,

() Bet the Punction switch to AC,
( ) Set the switch on the test prohe fo AC,
) Reinsert the phone plug,

( ) Comnect the test probe to the side of the
AC line with the hichest reading,

() Adjust the AC Calibrate control until the
meter pointer indicates the line voltage,

AGING AND FINAL CALIBRATION

It is recommended that you age the tubeg before

final calibration by keeping the instrument rurned

on for a period of at least 48 hours, Final cali-
bration should be done in the same Way asd the
initial calibration, Careful ¢calibration will re-
Sult in a more accurate instrument, If a standard

AC meter is available, it is desirable to use

such an instrument ta check the accuracy of the

VTVM, Preferably, use a voltage nearfull scale

on the VIVM; for instance, 140 voltsor 40 volts
on the 150 V or 50 V range, respectively, The

DC scales may also he calibrated using a DC

meter of known accuracy, One of the major ad-

vantages of kit form instrument assembly is

that the kit builder becomes thoroughly familiar
with the calibration procedure and is therefore
capable of periodically checking VTV oper -
ating accuracy, instead of assuming that usual
factory instrument calibration is still valid.
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( )} After final calibration, place the instrument
in the cabinet and secure it withtwelve #6 x
3/8" sheet metal screws, See Pictorial 9.

PICTORIAL 9

( )} Install the four plasticfeet ingide the gimbal
bracket as shown in Detail 8A, Peel away
the protective paper from the adhesive and
press each foot intoc position, Be sure you
position each foot properly before permit-

ting the agadhesive to contact the metal,

Lt
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Digtail 94

Detail 94 shows the mounting of the gimbal
bracket, and Detail 8B shows threc possible
mounting positions for the VIVM, Decide whieh
mounting position is best for you, then mount the
VITVM accordingly,

Detail 98
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If you do not wish to secure the gimbal bracket
in a stationary position, the plastic feet can be
applied to the bottom of the pimbal as shown in
Detail 9C, The VTVM can then be set on FOUr
test bench and be moved whenever desired,

Detait 9C

FLASTIC FOaT R
C;__,x'

NQOTE: The blue and white identification label
shows the Model Number and Production Series
Number of your kit, Refer to these numbers in
any communications with the Heath Company:
this assures you that you will receive the most
complete and up-to-date information in return,

() Install the identification label in the follow-
Ing manney;

1, Select a location for the labei where it
can easily be seen when nesded, but
will not ghow when the unit is in Qper-
ation, This location might be on the rear
ranel or the top of the chassis, or on the
rear or bottom of the cabinet,

2, Carefully peel away the backing paper,
Then press the label into position,

USING YOUR VTVM

The power consumption of the VTVM is very
low and there is no ocbhjection to leaving the in-
strument on continutously during the daily work
period rather rhan turning it off each time =
measurement function is completed, Daily oper-
ation for a period of several hours or more wiil
also serve the purpose minimizing possible
moisture accumulation,

SAFETY PRECAUTIONS

CAUTION: 1t is good practice to ghserve certain
basic rules of operating procedure anytime
voltage mesasurements are to he made, Always
handle the test probe by the insulated housing
oly and do not touch the exposad tip portion,

The metal case of this instrument is connected
tc the ground of the internal circuit and to the
power line ground through the green line cord
wire, For proper operation, the ground terminal
of the instrument should always be connected to
the ground of the equipment under test, There is
always danger inherent in testing electrical
equipment and therefore the user should clearly
tamiliarize himself with the equipnient under
test before working on it, bearing in mind that
high voltages may appear at unexpected points
in defective equipment,

When measurements are to be made at high
voltage points, it is good practice to remove
operating power before connecting test leads,

If this is not possible, be particularly careful
tc avoid accidental contact with nearby objects
which could provide a ground return path, When
working on high voltage circuits, play safe,

Keep one hand in your pocket to minimize
accidental shock hazard and be sure to stand
on a properly insulated floor or floor covering,

COMBINATION PROBE

The combination AC-OHMS-DC testprobe elimi-
nates two of the usual three test jack installa-
tions in the VIVM front panel, The probe should
be set to AC-OHMS (the position appasite the
DC marking) when the Function switch is on AC
or OHMS, and should be set to DC when the
Function switch is on DC+ or DC.. The probe
can be clipped onto any lead in the circuit, as
shown in Figure 1, giving the operator another
free hand,
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PICTORIAL 10

READING THE METER

The voltage markings on the Range switch refer
to the full scale reading, For DC measurements
the scale is marked 0-15 and 0-50 for voltage,
This scale is also used on AC exeept for the
1.5 V and 5 V ranges, For 1.5volts DC read the
15 V scale and move the decimal oneplace to the
left, For example, a reading of 8 would he 8§
volt, For 5 volts DC read the 50 V scale. For
example, a reading of 40 would be 4 volts, On the
15 V range, read the 0-15 V scale directly, On
the 50 range, read the 0-50 V scale directly,
On the 150 V range, read the 0-15 V scale and
maove the decimal one plare to the right, For
example, a reading of 13 would be 130 volis,
On the 500 V range, read the 50 V scale and
move the decimal point one place to the right,
For example, a reading of 40 would be 400 volts,
When using the 1500 V range, usethe 15 V scale
and move the decimal two places to the right, For
example, a reading of 12 would be 1200 volts,

When measuring up to 1,5 volts AC, readthe 1,5
V AC ONLY range directly: this scale is lettered
in red, On the 5V rangs, use the 5 V AC QONLY
gcale and read it directly, This scale is also
lettered 1n red,

Resistance measurements are read on the top
scale which is lettered in green, The wmarking
RX1 V indicates that you should readthe scale on
the Range switch directly, For R¥X100, add two
zeros to the reading, For RX10K addfour zeros
and on RX1MEG add six zeros or readthe scale
directly in megohms,

CENTER SCALE "0" POSITION

Your VIVM features a convenient center seale
Zero position, The adjustment range of the panel
ZERO ADJ control will permit center scale zero
deflection of the meter pointer, See Figure 2,

-
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DC VOLTAGE MEASUREMENTS

The vacuum tube voltmeter has many advantages
over the nonelectronic voltmeter, The largest
advantage is its ability to measure voltages with-
out significantly loading the circuitry, This
characteristic enables the voltage to be measur-
ed more accurately, This is desirable, expecially
in high impedance circuits such as oscillator
grid circuits, resistance coupled amplifiers,
and AVC networks,
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I'n illustrate the advantages of the VTVM. S
dssume that aresjigtance coupled audio amplifier
With a 300 KO plate load resistor 18 operating
from a 100 volt plate source, See Figure 3,

100V

The plate voltage is 50 volte. therefore, the tube —’
acts as a 500 KQ resistor, When measuring the ‘*l |
plate voltage with a conventional 1000 ohms-per- "‘
volt meter an the 100 volt scale the meter repre- i
sents a 100 K2 resistor placed in parallel with Figure 3
ihe tube, See Figure 3A. The voltage on the

nlate would then Dbe about 14 volts as shown on “’“‘:#’ELE NDER |
the meter, Thig large amount of erroris caused ‘?j o

by the shunt resistance of the meter, Using the é 5 0ak
VTVM on anv scale. the full 11 megnhms input 000N /Y
resistance is placed in parallel with the tube, See wov | . METER
Figure 3B, The voltage on the plate is then about

- . ¢ f?,? = : 2 i ~ 1
19 volts or 2% lower than the normal operating "%500“ j 100K
C—

S

$5GDH

voltage, Thus, mrre accurate readings can be
obtained only with the highresistance provided by
an electronie voltmeter,

Figure 3A

To measure +DC voltages, connect the common CIRCUIT LUNDER

(black) test lead to the "cold" {commen) side of TEST .

the voltage, In transformer operated equipment, T l
500K

common is usually the chassis,
VT W [
Set the Range switch ta the range which wiill g T

5 e
| |

handle the voltage to he measured, If the voltage 500K MMES
15 unknown, set the Range switch to the 1500 volt L T eL
range, Touch the test probe (DC position) to the BT e
voltage point, Uf the meter does not read in the
upper 2/3 of the meter scale. reduce the setting
of the Range switch, A meter reading in the upper
portion of the meter seale 15 usuzlly the most AC VOLTAGE MEASUREMENTS
accurate, To measure _DC voltazes place the
Funetion Switeh to the DC- position and repeat
the abnve steps,

[

Figure 3B

WARNING: When vour power line gutlet ig the 3-

wire, polarized tvpe, DO NOT use the COMNION
(negative) lead of this VTVM to nieagsure power
line voltages, To do so may short circuit the
power line throughthe common lead, the chassis.
and the green line cord wire,

The voltage ranges provided by the VTVM WETE
selected {6r the greatest ease In reading and for
convenience in making voltape measurements,
The 1.5V, 5 V, and the 15V ranges will be very Power Line Measurements

handy for hias and filament voltace meagure.

ments, The 50 V and 150V ranges will be handy, 1. Set the Function switel to AC, the range
and used most often. when checking AC-DC switch to 150 V, and the meter probe to AC,
type equipment, The 500 V range will be used

Most when measuring B+ valtages in transformer 2, Move the meter common lead nut of the way,
Operaied equipment. as It will not he used,
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3. Touch the meter probe to one side of the
power line, If there is no indication on the
meter, you have selected the common side of
the AC line: touch the probe to the other
side of the line,

4,  To obtain contact to a wall outlet, insert a
screwdriver blade into one of the outlet
openings and touch the probe to the exposed
part of the screwdriver blade, Try both
outlet openings, BE CAREFUL,

If you have occasion to measure a 240 volt
outlet, such as for an electric range or
dryer, you will get voltage readings with the
probe at two of the three openings, Add
these readings together,

)

Other AC Voltage Measurements

T'o measure AC voltage with the VTVM, connect
the common (black) lead ito the common or
“cold" side of the voltage tu be measured. Set
the Function switch to AC and set the Range
switch to a range greater than the voltage to be
measured, if known, If unknown, setitto 1500 V.,
With the test probe in the AC position, touch the
point in the cireuit at which the voltage is to be
measured, If the meter moves less than 1/3 of
full scale, switeh to the next lower range, The
maximum AC voltage that can be safe ly measured
with your VT VM is 1500 volts, and this limit must
not be exceeded, The meter scale of the VIVM is
calibrated in rms,

AC voltage readings are obtained by rectifying
the AC voltage and applying the resulting DC
voltage tc the VTVM circuitry, The rectifier
circuit is a half-wave doubler and the DC output
15 proportional to the peak-to-peak value of the
applied AC,

For sine wave voltages, the rms value is .35
times the peak-to-peakvalue, For complex wave-
forms this ratio does not necessarily hold true,
and may vary from practically zero for thin
spikes to .5 for square waves, See Figure 4,

For sine wave voltages over 5 volts, the rms
value is read on the same scale as a DC voli-
age, When using the 1,5 volt and 5 volt ranges,
the 1.5 and 5 volt AC scales should be read,

SINE TOMPLEX
WANE WAVEFORM
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28 3v _ _y_
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Figure 4

When connecting the VTVM to the cireuit under
test, the VIVM input resistance R and input
capacitance C are effectively placed in parallel
with the voltage source, This may change the
actual voltage to be measured through Ioading,

Al low frequencies, such as the power line fre-
quencies of 50 or 60 cps, the effects of capac-
itance loading may usually be disregarded and
thus the loading by the VTVM may be considered
the same as connecting a 1 megohm resistor
across the voltage source,

At higher frequencies, the capacitor reactance
decreases, At 10 ke for example, it is approx-
imately 170 KQ, Such a vahie may seriously
affect the voltage at the point of measurement,

The loading effect of both input capacitance and
resistance depends on the source impedance, In
low impedance circuits, such as 50 to 600 2, ng

noticeable error is introduced in the voltage

reading through circuit loading, Then the sSpec-
iried frequency response of the VIVM becomes
the limiting factor,

Ag a general rule, it should be kept in mind that
irequency response and loading may affect the
accuracy of the veltage reading obtained, Con-
sider the resistive loading of i megolim regard-
less of frequency, and the capacitive loading
effect at the frequency involved., The actual
capacitance of the instrument and the leads may
also affect the tuning of low capacitance resonant
circuits,
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Knowledge of the values in the circuit under test
and the values of the input R andC of the VTVM
will permit valid readings tg be obtained for a
wide range of impedances within the full fre-
quency response of the instrument,

The Heathkit VTVM is a sensitive electronic AC
voltmeter and, as the human body picks up AC
when near any AC wires, the meter will indicate
this pickup, Never touch the probe when on the
lower AC ranges, Zero should be sget with the
probe shorted to the common clip.

RESISTANCE MEASUREMENTS

To measure resistance with the VTVM, connect
the common (black) lead to one side of the
resistor or circuit to be measured, Set the
Function switch to OHMS and set the Range
switch to such a range that the reading will
fall as near mid-scale as possible, Set the OHMS
ADJ control so the meter indicates exactly full
scale (infinity on ochms scale) with the test lead
(AC position) not connected to a resistor or cir-
cuit, Then touch the test prod to the other side
of the resistor or circuit to be measured, Read
resistance on OHMS scale and miultiply by the
proper factor as shown on the Range switch
settings,

NOTE: Although a battery is used to measure
resistance, the indication is obtainedthrough the
electronic meter circuit and therefore the VTVM
must be connected to the AC power line and
turned on, Establish the habit of never leaving
the instrument set in the OHMS position as this
could greatly shorten the life of the chmmeter
battery, particularly if the test leads are acci-
dentally shorted together when lving on the
service bench,

DECIBEL SCALE

The human ear does not respond to the volume
of sound in proportion to voltage or power level,
therefore, a unit of measure called the "bel” was
adopted. The "bel"” is more nearly equivalent to
human hearing ratios, Normally the reading is
given in 1/10 of a '"bel” or a "decibel” (db).
Different referenre points for "0 db' have been
adopted for various purposes, The trend in re-
cent years is to use 1 milliwatt in a 600 € Inad
as the O db reference, particularly for audio
work, This is equal to 774 voit,

On the VT'VM, the meter pointer posgition that
corresponds to 0 db is 7,74 on the 0-15 scale,
Due ta the special calibration used on the 1.5V
and 5 V AC scales, slight inaceuraciss will be
introduced into the b reading when making
decibel measurements with the Range switeh in
the 1.5 V and 5 V positions,

The resistance values of the voltage divider were
chosen so that each progressive getting of the
Range switch represents a change of 10 db, For
example, if the signal voltage at the input of an
amplitier read 0 db in the 1.5 volt positign and
the output voltage read 0 db in the 15 volt posi-
tion it would indicate that the amplifier has a
gain of 20 db,

Since the decibel is a current, voltage, or power
ratic, it may be used as sueh without specifying
the reference level, A fidelity curve may berun
oit an amplifier by feeding ina sienal of variable
frequency but constant amplitude, At a reference
frequency of 400 cps adjust the input voltage
for a convenient indication. O db for instance, on
the VI'VM connected to the output, As the input
frequency is varied, the output variation may be
noted directly in db above and below the speci-
fied reference level,
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ACCURACY

The accuraey of the meter maovement is within
2% of full scale which means that on the 1500 V
range, for instance, the accuracy of the move-
ment will be within 30 voits at any point on the
scale, On DC, the accuracy of the multipliers, 1%,
may be aclditive, resulting inan accuracy of with-
in 3% of full seale,

On AC, the accuracy of the rectifier circuit con-
tributes variations which result in an accuracy
or within 5% of tull scaie,

The accuracy on the OHMS range depends on the
meter accuracy, the nhms multiplier accuracy
(including the internal resistance of the battery)
and the stability of the battery voltage, On the
RX1 scale. the internaj resistance of the battervy
and the battery voltage both vary as a result of

the current drawn by the resistance under test,
For greatest accuracy, tests on low resistance
values should be made as quickly as posaible,
On the higher ohms range, the accuracy de-
pends practically on the multipliers which are
1% and the meter movement accuracy, 2%. Be-
cause of the nonlingar OHMS scale, the re-
sulting accuracy is not readily expressed in a
percentage figure, but greatest acrilracy is oh-
tained at mid-scale readings,

NOTE: When Comparing this instrument with
another VTVM, consider that the accuracy of
the other instrument may deviate in the oppo-
site direction, Therefore, when comparing two
instruments of 5% accursey, the total differ.
ence rray be 10%. Critical comparisons should
only be made against certified laboratory stand-
ards,

IN CASE OF DIFFICULTY

I, Recheck the wiring. Trace each lead in
colored pencil on the Fictorial as it is
checked, It is frequently helpful to have a
friend check your work, Someone who is not
familizr with the unit may notice something
consistently overlooked by the constructor,

4, It is intevesting to note that about 90% of the
Kits that are returned for repair do not
tunction properly due to poor connections
and soldering, Therefore, many troubles
can be eliminated by reheating all connec-
tions to make sure that they are soldered
as described in the Proper Soldering Tech-
niques section of this manual,

3,  Check the wvalues of the parts, Be sure
that the proper part has been wired into
the circuit, as shown in the pictorial
diagrams and as called out in the wiring
nstructions,

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

7, If, after careful checks, the trouble is still
not located and a voltmeter is available,
check voltage readings against those shown
cn the Schematic Diagram, NOTE- All
voltage readings were taken with an 11
megohm input vacuum tube voltmeter, Volt.-
ages may vary as much as 10%.

8, A review of the Cireuit Description will

prove helpful in indicating where to look

3, Make sure the tubes light up properly. for trouble,
NOTL: Tn an extreme case where you are unable to resolve a
difficalty, refer to the Serviee and Warranly sections of the
4. Check the tubes with a tube tester or by “hit Builders Guide™, and to the “Faclory Repair Service”

substitution of tubes lmown to be good, information on Page 36 of this Manual.
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DIFFICULTY POSSIBLE CAUSE

1,

Completely inoperative,

Inability to obtain DC
balance, (Changes zero

indication when switching
from DC+ to DC-.)

AC ingperative,

AC balance,

Inaccurate AC readings,
(The inability to obtain
AC calibration,)

Troubleshooting Chart

Make sure that power is being appliedto the
Instrument, This may be measured across
the primary winding of the power trans-
former, Be SURE to caonnect together the
common side of the circuits of the measur-
Ing meter, the measured meter and the
power line,

The tube filaments do not light, Cheek
voltage between the yellow leads of power
transformer (5-8 volts AC),

Check the voltage between each end of the
electrolytic capacitor and ground, Correct
voltages are shown on the Schematie,
Check the 12AU7 tube,

Check the 12AUT tube for an unbalanced con-
dition (substitution),

Check the 10 megohm resistor, R16 (browrn-
black-blue),

Check the two .005 pfd capacitors, C4 and
C3, in the grid circuits of the 12AU7 tube
(Pins 2 and 7),

Check the components in the cathode circuits
of the 12AU7 tube (Pins 3 and 8), These
circuits include the ZERQ ADJ control
(R33) R31. R32, and R34,

"heck the Range switch assembly carefully,

Check the 6AL5 tube,

Check C1, .047 pfd 1600 volt, and the two
.05 pfd capacitors, C2 and C3.

Chieck the Function switch assembly care-
tully,

Disconnect the test leads from the instru-
ment before adjusting the AC Balance eon-
trol as directed earlier in the manual, It
1 Imperative that DC bhalance he obtained
before this adjustment is made,

Check capacitors C2, €3, and C8,
Check the 6ALS tube,

Check the AC Calibrate control, Ri4, NOTE:
With the test lead plug inserted, there may
be a residual reading, This is due to stray
AC pickup in the test leads,

Check the Range switch for proper assembly,
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Inaccurate DC readings,

Ohms inoperative,

Qlhnms inaccurate,

POSSIBLE CAUSE .-

1,

Check the DC Calibrate control, R13,
Check the resistar in the test probe, Make
sure that it 1s not being grounded,

Check the Range switch for proper assembly,

Check the OHMS ADJ control, R13 for the
correct value,
Check the Range switch for proper

assembly,

Check the hattery (substitution),

Check the value of all resistors on the Range
switch which have a value beginning with tlis
number 9", (The 9,1 Q resistor, R30.
should receive special attention,) NOTE:
The ohing section of the VIVM is not -
tended for use as a standard, Whereagrear
degree of accuracy is required, a bridee
should be used,

MAINTENANCE

METER

Because of the delicatenature of the meter move-
ment, no atterapt should be made to repair the
meter, dSuch attempts would automatically void
the standard warranty coverage of the meter
itself,

ELECTRGSTATIC CHARGE

The polvstyrene meter cover has been treated
fo 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 quaittity
of liquid dishwashing detergent to a clean, soft
cloth and wipe the surface of the meter cover,
The accumulated €electrostatic charpge will im-

mediately disappear, It is not necessary to re-
move the cover for this correction,

CHECKING METER COIL CONTINUITY

ALWAYS use a resistor of at least 10 KQ in
series with the meter movement 2nd the nhm-

meter test leads when ehecking for meter coil
continuity, If this resistor is not used to reduce
the current, the meter movement will probably
be seriously damaged,

TEST LEADS

Because of their constant flexing during use, the
test leads are not above suspicion, especially
when the VTVM 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 connection of the 1
megohm  isolating registor used in the test
probe,
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ACCESSORY PROBES

HIGH VOLTAGE TEST PROBE

A high voltage test probe is available from the
Heath Company, This probe will permit VITVM
DC measurements up to 30.000 volts, which ¢ov-
ers the range of {lyback power supply voltages
commenly 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 and provides a DC range
multiplication factor of 100 for 11 megohm
input VI'VMs,

RF TEST PROBE

An RF tesi probe is available from the Heath
Comipany, This probe will permit VIVM usage
for RF measurements up to 30 volts: its re-
sponse 18 substantially {fiat from 1000 eps to 100
me, A built-in isolating capacitor permits a DC
valtage range of up to 500 volts, It uses a printed
circuit boardfor easy assembly and its housing is
of polished aluminum withpolystyrene insulation,

REPLACEMENT PARTS PRICE LIST

PART PRICE DESCRIPTION
No, Each

RESISTORS

1-3 10 100 2 1,2 watt

1-20 .10 10 KQ 1/2 watt

1-23 10 27 KO 1/2 watt

1-27 10 150 KQ 1/2 watt

1-1286 .10 180 K 1,/2 watt

1-35 A0 1 megohim 1/2 watt

1-38 10 3.3 megchm 1/2 watt

1-40 10 10 megohm 1/2 watt

1-70 10 22 megohm 1/2 watt

2-24 .20 90 2 1/2 watt precision

2-29 20 900 2 1/2 watt precision

2-35 .20 9 K 1/2 watt precision

2-50 20 10 KO 1/2 watt precision

2-39 .20 21,62 K& 1/2 watt precision

2-40 .20 68,38 Kf2 1/2 watt precision

2-41 20 90 K& 1/2 watt precision

2-86 .20 150 K2 1/2 watt precision

2-42 .20 216,2 K@ 1/2 watt precision

2-138 20 400 KQ 1/2 watt precision

A-45 ,20 683.8 K& 1/2 watt precision

2-123 AT 800 KO 1/2 watt precision

2-51 20 9000 KQ 1/2 watt precision

2-146 .20 2,162 megohm 1/2 watt
precision

2-147 .50 6.838 megahm 1/2 watt
precision

2-52 .30 9 megohm 1/2 watt pre-
C1sion

3-4-2 25 9,1 0 2 watt precigion

PART PRICEH DESCRIPTION

No, Each
CAPACITORS
21-27 J0 ,005 1:fd disc ceramice
23-91 .20 047 1ifd 1600 V tubular
23-61 .20 05 12fd 400 V tubular
25-19 .05 20 pfd 150 V electrolytic

CONTROLS-IWITCHES

10-57 1S 10 K2 tab-mounting control
10-142 1.10 10 K2 vernier control
63-500 3.40 Range switch

63-H01 2,80 Function switch

TUBES-LAMP-DIODE

411-25 1,20 1ZAUT tube
411-40 .90 GALS tube
412-36 20 Neon lamp
57-27 .h0 Silicon diode

TERMINAL STRIPS-SOCKETS-JACK-PLUG

431-50 .10
431-5 10
431-12 10
431-40 A0
431-77 10
434-15 .10
434-16 10
436-20 .45
438-28 .65
432-27 .40

1-Tug terminal strip
4-lug terminal strip
4-lug terminal strip
4-lug terniinal strip
5-1ug terminal strip
7-pin tube socket
9-pin tube socket
Phone jack

Phone plug

LLine cord adapter
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DESCRIPTION

PRICE
No, Fach

FROBE PARTS

A factory-wired and tested reoplacement probe
assembly Model PKW-4, isavailable from Heath
Company at $4.95 plus postage. Due tn the vost
of handling, the replacement probe assembly
is not available in kit form.

WIRE-SLEEVING

340-2 05/ft Bare wire

341 -1 05/ft Black test lead

343-11-1 .20 4 foot shielded test lead
344-59 05/t Hookup wire

346-1 05/t Sleeving

METAL PARTS

90-262-2 1,50
200-524 .00
203-351-2 1,40
204-254 A5
204-542-2 1,25

Cabinet
Chasgis

Front pane]
Battery bracket
Gimbal bracket

214-2 15 Battery housing cup

268-17 10 Battery spring

HARDWARE

250-49 .05 3-48 x 1/4" screw

250-116 .05 6-32 x 1/4" screw (black)

250-89 .05
250-54 .05
250-155 L5
260-68 .05

6-32 x 3/8" screw

10-32 x 5/8" screw

6 sheet metal screw (black)
#7 % 8/4" wood screw

2h2-1 .05 3-48 nut

252-~3 05 6-32 nut

202.7 ,05 Control nut

252-32 .05 Push-on speednut

252-49 .30 Thumbnhuyt

253-2 .05 #6 fiber shoulder wasler
253-10 .05 Control flat washer

PART PRICE DESCRIPTION

No, Each

Hardware (cont'd,)

2h3-19 05 #10 flat washer

254-7 ,0b #3 ipckwasher
254-1 .05 #6 lockwasher
2h4-4 05 Control lockwasher
255-44 .10 Threaded spacer
259-1 05 #6 solder lug

MISCELLANEOQUS

04-2-24 3,10 Power fransformer

75-30 10 Strain relief, round cord
79-T1 A0 Strain relief, flat cord
89-23 .75 Line cord
260-1 .10 Alligator clip
260-51 ,20 Alligator clip, threaded
261-29 .05 Plastic foot
331-6 15 Solder
407-75 12,10 Meter
413-11 10 Neon lamp lens
455-50 10 Knol bushing
480-5 10 Nui starter
462-245 2D Knab
2.00 Manual (See front cover for

part number,)

The above prices apply only on purchases froi
the Heath Company where ghipment istga U 8. A,
degtination, Add 10% (minimum 25 cents) to the
price when ordering from an authorized Service
Center or Heathkit Electronic Center to cover
local sales tax, postage and handling, QOutside
the U,S5,A, parts and service are available from
vour local Heathkit source and will reflect addi-
ticnal Iransportation, taxes, duties and rates of
exchange,

To order parts, use the Parts Order Form fimrnished with this
hil. 1§« Parts Order Form is not available, refer n
Replacement Parts in the Kit Builders Guide.
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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 glip, or a copy of
either, If you send the original invoice or sales
glip, it will be returned to you,

If it is not convenient to deliver vour kittp 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 informatien:

Your name and return address,

Date of purchase,

A brief description of the difficully,

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

¢ Your authorization to ship the repaired
unit back to you C.0.D, for the service
and shipping charges, plus the cost of
parts not covered by the warranty,

» & & @

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

Check the eguipment to see that all parts and
screws are in place, (Do not include wonden
cabinets when shipping receivers, tuners, an-
plifiers, or TV sgets, as these are easils
damaged in shipment,) Then, wrap the squic-
ment in heavy paper, Place the eguipment -
a strong carton, and put at least THREC
INCHES of resilient packing material (shredde?
paper, excelsior, ete,}) on all sides, between
the equipment and the carton, Seal the cart-r
with gummed paper tape, and tie it with -
strong cord, Ship it by prepaid express, Unitez
Parcel BService, or insured parcel post o

Heath Company
Service Department
Benton Harbor, Michigan 49022
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