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YOUR HEATHKIT 90-DAY FULL WARRANTY

If you are not satisfied with our service - warranty or otherwise - or with our products, write directly to our Director of Customer
Services, Heath Company, Benton Harbor, Michigan 49022. He will make certain your problems receive immediate, personal
attention.

WL

Our attorney, who happens to be quite a kitbuilder himself, insists that we describe our warranty using all the necessary legal
phrases in order to comply with the new warranty regulations. Fine. Here they are:

For a period of ninety (90) days after purchase, Heath Company will replace or repair free of charge any parts that are defective
either in materials or workmanship. You can obtain parts directly from Heath Company by writing us at the address below or by
telephoning us at (616) 982-3571. And we'll pay shipping charges to get those parts to you — anywhere in the world.

We warrant that during the first ninety (90) days after purchase, our products, when correctly assembled, calibrated, adjusted
and used in accordance with our printed instructions, will meet published specifications.

If a defective part or error in design has caused your Heathkit product to malfunction during the warranty period through no
fault of yours, we will service it free upon proof of purchase and delivery at your expense to the Heath factory, any Heathkit
Electronic Center (units of Schlumberger Products Corporation), or any of our authorized overseas distributors.

You will receive free consultation on any problem you might encounter in the assembly or use of your Heathkit product. Just
drop us a line or give us a call. Sorry, we cannot accept collect calls.

Our warranty does not cover and we are not responsible for damage caused by the use of corrosive solder, defective tools,
incorrect assembly, misuse, fire, or by unauthorized modifications to or uses of our products for purposes other than as
advertised. Our warranty does not include reimbursement for customer assembly or set-up time.
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This warranty covers only Heathkit products and is not extended to allied equipment or components used in conjunction with
our products. We are not responsible for incidental or consequential damages. Some states do not allow the exclusion or
limitation of incidental or consequential damages, so the above limitation or exclusion may not apply to you. This warranty
gives you specific legal rights, and you may also have other rights which vary from state to state.
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HEATH COMPANY
BENTON HARBOR, MI. 49022
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Prices and specifications subject to change without notice.

hoboat000

W HHHHNWUHNU‘NWHWQ

71



Assembly
and
Operation

of the
g HEATHIKIT

VACUUM TUBE
VOLTMETER

MODEL IM-5218

HEATH COMPANY

BENTON HARBOR., MICHIGAN 49022

TABLE OF CONTENTS

Test And Calibration, , ., ...
Using Your VTVM,

In Case Of Difficulty, , .., ..

Specifications, . , . . ..., .. 000

Circuit Description, . ....cee0 00 e

Step-By-Step Assembly

Range Switch Assembly, , ... ..

Introduction, , ,........... v e e e

parts LiStl..I.IICOIOII. lllllll

Front Panel Mounting, , , . v e ¢ ¢ e ¢« «

Knob Installation, . .. ........
Front Panel Wiring, . .. ......
Circuit Board Wiring, , , , . ...
Connecting Cable, ., . . ...t
Wiring Circuit Board To The Panel,
Mounting The Battery Spring, .....
Meter, Bracket, And Circuit Board
Installation, , . . .ivvu v v v v e
Final Wiring, .. .......
Preliminary Test, ., v v ev o o0 o«
Preparation Of Test Probe And
Leads, s v v v vvinnnvnonnns

ooooo ¢ .

* ¢ & b o & &

Troubleshooting Chart, , ., . . ......
Maintenance. . . . . ¢« v e v e vt ta e
Accessory Probes, . . . ..........

Schematice, , , .(fold-out from page), , .

Warranty . . . . . . . .. L. Inside front cover

Customer Service .« . . . . . . Inside rear cover

10
10
11
12
15
15
16
16
17
18
20
24
26
30
31
32
33

33

Copyright © 1977

Heath Company

All Rights Reserved

Printed in the United States of America



Page 2

E g HEATHRIT

Electronic DC Voltmeter-

7Rangesto.t..|o.0..

Input Resistance, ,.....

Circuitooo.oooo.""

Accuracy. 4 ¢ & e 0002 ¢ 0

Electronic AC Voltmeter-

7 rms Ranges, , ......

SPECIFICATIONS

7 Peak-to-Peak Ranges, .......

Frequency Response (5 V range), .

Accuracy....‘....Q.‘II....

Input Resistance And Capacitance, ....

Electronic Ohmmeter-

7Rangesiolon....|-t

Meter.....l..l...'..‘

PrObeSooooooooooo-o-O-

Dividers, . « + « « o s o000 e

TUbeS‘.l'Il.l..IQOQQQO

e o o o 0 & 0
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0-1,5, 5, 15, 50, 150, 500, 1500 volts full scale;
up to 30,000 volts with accessory probe,

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

Balanced bridge (push-pull) using twin triode,

+3% full scale,

0-1,5, 5, 15, 50, 150, 500, 1500 volts full scale
(.353 of peak-to-peak).

0-4, 14, 40, 140, 400, 1400, 4000 volts full scale,
+1 db 25 cps to 1 me (600 Q source),
5% full scale,

1 megohm shunted by 35 puf (measured at
input terminals),

Scale with 10  center X1, X10, X100, X1000,
X10K, X100K, X1MEG, Measures ,1 Q to 1000
megohms with internal battery,

4.1/2", 200 pa movement, polystyrene case,

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

1% precision type.

1 - 12AU7, twin triode meter bridge,
1 - 6AL5, twin diode AC rectifier,
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Battery.......‘..Olll.l.‘

1-1/2 volt "C" cell,

Power Requirements, .. ... .o c0eeeeeees 105-125 or 210-250 volts, 50/60 Hz AC, 10 watts.

Cabinet Size And Finish, . .... .

Netweightocooo'o.-coo--o-ooonanoc-

3-1/2 1bs,

The Heath Company reserves the right to discontinue
products and to change specifications at any time
without incurring any obligation to incorporate new
features in products previously sold.

INTRODUCTION

7-3/8" high x 4-11/16" wide x 4-1/8" deep,

The HEATHKIT Model IM-5218 Vacuum Tube Volt-
meter is intended for use by servicemen, engineers, and
maintenance men to make accurate measurements of
DC+, DC—-, AC rms and peak-to-peak voltages, plus
resistance. The design is simple and rugged, yet accu-
rate.

The instrument employs vacuum tubes for recti-
fication and amplification on all measurement
functions to insure good sensitivity and stability
of operation, Precision resistors areusedinthe
voltage divider networks to provide high accu-
racy,

The confusing tangle of test leads coming from
the front panel of most VIT'VMs is eliminated by
the use of a combination AC-OHMS-DC switching
test probe and a single jack input connection for
both test probe and ground leads, The 1 megohm
resistor in the probe is switched into operation
when the probe switch is set on DC, This iso-
lating resistor allows DC component voltagesto
be measured separately, even when high fre-
quency AC voltages are present at the test point,

The VTVM has a very high input impedance (11
megohms on DC and 1 megohm shunted by 35
iuf on AC). Consequently, the circuit in which
the voltage is being measured will not be sig-
nificantly loaded by the VTVM, Most nonelec-
tronic voltmeters (VOM) have a much lower in-
put impedance over tr-e most frequently used
ranges of test voltages, Consequently, when a
VOM is used to measure voltages in high im-
pedance circuits, the irdicated voltage will be
appreciably less than the actual voltage, The
amplifier section of the VTVM also enables the
VTVM to accurately measure much higher re-
sistances than can be conveniently measured
with a VOM,

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




Page 4

&g o o)

CIRCUIT DESCRIPTION

The combination AC-OHMS-DC test lead of the
VTVM is connected tothe Function switch, which
is used to connect the part of the VITVM circuit
needed for a specific measurement function, The
COMMON test lead is connected to the case
(eround) of the instrument,

With the Function switch in the DC+ or DC- po-
sition and the switching probe on DC, the test
voltage is applied through the 1 megohm resistor
in the probe to the Range switch, which is a
series of precision resistors arranged as a
voltage divider, Depending on the position of the
Range switch, a portion of this DC voltage is
"picked off'" and applied 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 to the 6AL5 tube (half-wave doubler
circuit) where itis changed toa DC voltage which
is proportional to the applied AC test voltage,
On the higher AC ranges, a voltage divider
arrangement is used at the input of the 6AL5 tube
to insure that the AC voltage applied to the BALS5
tube does not exceed the tube's rating, The DC
voltage output of the 8AL5 tube is applied to the
Range switch and then to the input grid of the
12AU7 tube, in the same way that DC test
voltages are applied, A capacitor is used at the
output of the 6ALS5 to hold the applied pulsating
DC voltage at its peak value, so that the VTVM
responds to peak voltage regardless of the test
voltage waveform, The AC balance control is
used to "buck-out' the small amount of contact
potential in the 6ALS5 tube, thus eliminating
residual readings on the lower AC ranges,

The ohmmeter section of the VTVM uses a 1.5
volt battery connected in series with part of the
voltage divider network (determined by the Range
switch position) and the resistance to be meas-
ured, The ratio between the ohmmeter voltage
divider network resistors and the measured
resistance determines what portion of the ohm-
meter battery voltage is applied to the input
grid of the 12AU7 tube,

Thus, for all measurement functions, a voltage
dependent upon the quality being measured is
applied to the grid of one-half of the 12AU7 twin
triode, With zero voltage input tothe 12AUT7 bal-

anced bridge circuit, each of its triode sections
draws the same amount of cathode current and
therefore each cathode is at the same voltage
potential, The meter movement is connected
between the cathodes of the 12AU7 tube and con-
sequently will not deflect since both cathodes are
at the same potential,

When a positive voltage (from the Range switch)
is applied to one-half of the 12AU7 tube, this
half of the tube draws more current than the
other half, causing a 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 voltage 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 in the
same direction,

The use of the bridge circuit eliminates 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 characteristic of the 12AUT tube, as.
used in the VTVM circuit, is such that the
voltage applied to the meter terminals cannot
be large enough to damage the meter move-
ment, This is one of the primary advantages of
the VITVM circuit, The meter movement can-
not be burned out by inadvertently measuring a
voltage that is higher than the Range switch set-
ting, However, if excessive voltage is applied, the
pointer may be bent as it hits against the stop,
Caution must also be exercisedtoavoid applying
any test voltage to the test probe when the Func-
tion switch is set in the OHMS position, The
precision resistors in the ohmmeter voltage di-
vider network have very low power ratings and
can easily be burned out in this way,

The power supply of the VTVM uses a silicon
rectifier in a half-wave rectifier circuit, An
electrolytic capacitor isusedfor filtering the DC
voltage from the power supply, The power supply
provides both B+ voltage for the 12AUT tube and
positive DC "buck-out” voltage for the AC
balance circuit,
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To order a replacement part, always include the part Manual of refer to ‘“Replacement Parts” inside the rear
number and use the Parts Order Form furnished with cover. Your Warranty is inside the front cover. For
this kit. If a Parts Order Form is not available, use one of prices, refer to the separate ‘‘Heath Parts Price List.”

the “Expedited Parts Order Forms” at the rear of this

PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No, Per Kit B No. Per Kit
/RESISTORS ok CAPACITORS O/C
(1)1-3 1 100 2 1/2 watt
A (brown-black-brown) (3)21-27 2 .~”7005 uid 400 V disc ceramic
1-20 1 10 KQ 1/2 watt 21-31 2 L”,02 ufd 400 V disc ceramic
s (brown-black-orange) 23-91 1 ~~ 047 ufd 1600 V tubular
1-23 1 27 KQ 1/2 watt (4)25-5 1" 16 ufd 150 V electrolytic
s (red-violet-orange)
1-21 2 150K 1/2 watt CONTROLS-SWITCHES
/ (brown-green-yellow)
1-29 1 220 KQ 1/2 watt (5)10-78 2/ ./ 15 Ko control
A (red-red-yellow) (6)10-38 3 vo/v'10 KQ control
1-35 1 %bmegoht;? 11/{2 watt ) 1 £ Range switch
rown-black-green 7 . i i
V1238 1 3,3 megohm 1/2 watt (M350 1 Function switch
/ (orange-orange-green) TUBES-LAMP
- 1-40 1 10 megohm 1/2 watt ,
[/ / (brown-black-blue) 411-275 1 ¢ 12AU7 tube
1-70 5 22 megohm 1/2 watt 411-40 1 . 6AL5 tube
| / (red-red-blue) 412-4 1 «~ #50 pilot lamp
(2)3-4-2* 1 9.1 Q 5% precision 2 watt
(white-brown-gold-gold) SOCKETS
*NOTE: This Resistor is a 2 watt wire-wound J
resistor, but is the same sizeasal watt compo- 434-47 1 -~ Pilot lamp socket
((, sition resistor, (8)434-79 1 v~ . 9-pin tube socket
O 9_94 1 /90 Q 1/2 watt precision (9)434-112 1 " 7-pin tube socket
2-29 1 7900 @ 1/2 watt precision
2-35 1 ~9 K 1/2 watt precision
2-50 1 A0 Ko 1/2 watt precision @ v/
2-38 1 20 KQ 1/2 watt precision «Q w
2-9 1 v0 KQ 1/2 watt precision @ A
2-41 1 w90 KQ 1/2 watt precision /
. 2-86 1 50 KQ 1/2 watt precision
2-54 1 0 KQ 1/2 watt precision
2-87 1 320 K2 1/2 watt precision
2-13 1 /700 KQ- 1/2 watt precision
2-51 16/« /900 KQ 1/2 watt precision
2-55 1 -2 megohm 1/2 watt precision
2-16 1 ¥7 megohm 1/2 watt precision
2-52 1 v m n 1/2 watt precision
2-28-1 1 Wprecision 1 watt

**Various shapes of precision resistors.

T 0L
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PART PARTS DESCRIPTION “ PART PARTS DESCRIPTION
No, Per Kit No, Per Kit
WIRE-SLEEVING MISCELLANEOQUS
89-23 1 / Line cord 54-23-24 1 v Power transformer
340-2 1 /%20 bare wire (15)57-27 1« silicon diode
341-1 1 “Length black test lead 75-30 1/ Strain relief, roundline cord
343-11 1 Length shielded test lead (16) 75-T1 1 Strain relief, flat line cord
344-59 1 + Length hookup wire 85-9-1 1 Circuit board
347-1 1 ? 8-wire cable harness 260-1 1 Alligator clip
346-1 1 ' Length insulating sleeving
346-6 1 Fiberglas sleeving

SHEET METAL PARTS

o @

/
90-1203-1 1 \ﬁ; ! Cabinet and rear cover
203-278-7 1 \j Front panel @
204-873 1 /Bracket \ _
1 b
1

214-2 / Battery housing cap
204-84 ¥ Support bracket @

HARDWARE (Y L géﬁﬁ;

a/@
WO

(1)250-8 2 #6 sheet metal screw o -
(2)250-89 3 6-32 x 3/8" screw S
(3)250-56 1 6-32 x 1/4" screw
250-83 2 #10 x 1/2" sheet metal screw
(4)252-3 4 6-32 nut
(5)252-7 5 Control nut
253-2 1 #6 fiber shoulder washer @
253-3 2 #10 fiber flat washer @) w
(6)253-10 5 Control flat washer
(7)254-4 5 Control lockwasher
(8) 254-1 4 #6 lockwasher @ﬁm _
259-1 1 #6 solder lug S«

PROBE PARTS Ml

(9)253-51 1 ¢ E washer ~N

(10)256-15 2 v'1/16'" x 1/8'" rivet @
258-53 1 ~ Probe contact loading spring

(11)459-46 1 ﬁrobe switch lever

(12)459-47 1 jrobe insert insulator
459-44 1 ¢Front section of probe body

(13)459-45 1 v’ Center section of probe body
459-43 1 vRear section of probe body

(14)477-11 1 , Probe spike A
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PART PARTS DESCRIPTION
No, Per Kit

260-51 1 Lf/Alligator clip with threaded
insert
261-4 4//7 / Rubber foot
407-733 1 / 200 microampere meter and
/ hardware
(17) 432-67 1 Solderless connector
(18) 436-20 1 L hone jack
(19) 438-28 1 <~ Phone plug
(20) 73-20 1 / ligator clip insulator, red @
73-21 1 f//z‘lligator clip insulator, black
(21) 455-619 2 V' Knob bushing
462-999 2 <"~ ~Knob
(22) 258-7 1 attery spring
(23) 211-15 1 Handle
391-34 1 Blue and white label
490-5 1 Plastic nut starter
597-260 1 Parts Order Form
597-308 1 Kit Builders Guide
1 Manual (see front cover for
part number.) To order a replacement part, use the Parts Order Form
Solder furnished with this kit. If a Parts Order Form is not
available, refer to *‘Replacement Parts” inside the rear
A size "C'" flashlight battery should be purchased cover of the Manual. For pricing information, refer to
at this time for use in the completed Kit, separate “‘Heath Parts Price List.”

STEP-BY-STEP ASSEMBLY

RANGE SWITCH ASSEMBLY

REAR DECK

Select the Range switch (#63-500), Study Detail
1A for proper orientation and switch lug desig-
nations, Orient the switch by locating the blank
space on the front deck between lugs 7 and 8,
The lug numbering proceeds clockwise whenthe
switch is viewed from the rear, Two of the three
decks, or wafers, are 12-lug wafers and the
third is an 11-lug wafer, The lugs will be desig-
nated as follows: Front deck, which is the deck
nearest the switch shaft, is numbered 1 through
11 at each position, The second deck positions
are numbered from 1 through 12, as are the
rear deck positions, The rear deck is farthest
from the switch shaft, Notice that on the front
deck, contacts appear on both sides of the deck,
whereas on the remaining decks the contacts are
all on one side,

SECOND DECK

FRONT DECKI

BLANK SPACE RANGE SWITCH
NUMBERING SYSTEM

VIEWED FROM REAR
Detail 1A
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REAR
DECK

SECOND

DECK

CAUTION: 12%Y
POSITION THESE RESHS-
TORS SO THEY DO NOT
TOUCH THE SWITCH SHAFT.
RUBBING COULD CAUSE
DAMAGE 10 THE RESISTORS

AND POSSIBLE SHORY CIR
CUITS. l

FRONT
DECK

NOTE- ARRANGE RESIS-
TORS SO THEY DO NOT
TOUCH EACH OTHER.
THEY SHOULD NOT BE
ALLOWED TO TOULUH THE

SWITCH TERWVINALS OR
ANY MEETAL PARIT Of
SWITCH BFRANE

LOCATL BEGINNING OF
LUG NUMBERING SYSTEM

BY LOCATING VACANT
POSITION ON FRONIT DECK

RANGE SWITCH DETALL

Detail 1B

Refer to Detail 1B for the following steps,

7
)

()

R7, Connect a 320 K2 precision resistor be-
tween front decklug 7 (NS) and the front deck
lug 9 (NS), positioning the resistor body be-
tween the front deck and the detent plate as
shown in Detail 1B, The detent plate is the
metal plate at the front of the switchto which
no lugs are attached,

R6, Connect a 900 K2 precision 1 watt re-
sistor (the larger of the two 900 KQ re-
sistors) between front deck lug 7 (NS) and
front deck lug 11 (NS), Place the resistor
between the front deck and the second deck
so that the resistor does not touch the switch
shaft, See Detail 1B,

(/)/RS, Connect a 150 K2 precision resistor be-

tween second deck lug 7 (NS) and the front
deck lug 9 (S-2), Place theresistor between
the front deck and the second deck as shown
in Detail 1B, The resistor should not touch
the switch shaft,

(V') R23, Connect a 10 KQ precision resistor be-

(\

tween second deck lug 7 (NS) and second deck

lug 11 (NS), Use insulating sleeving on the

lead to lug 11, Place the resistor between the

fropt deck and the second deck as shown in

Degtail 1B, The resistor should not touch the
itch shaft,

Cut a 2" hookup wire and strip 1/4" of
insulation from each end, Connect this
wire from front deck lug 7 (S-3) to front
deck lug 10 (S-1),
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( R22, Connect a 20 K2 precision resistor be-
tween second deck lug 11 (S-2) andrear deck

lug 12 (NS),
(()/C/fnnect a 1-3/4" hookup wire between rear

deck lug 12 (NS) and second deck lug 12
(S-1),

(" R21, Connect a 70 KO precision resistor
from rear deck lug 12 (S-3) through second
deck lug 1 (NS) to front deck lug 1 (S-1),
Use sleeving on the lead to rear deck lug
12, The body of the resistor should be be-
tween the rear deck and the second deck,

(\//RZO. Connect a 200 KQ precision resistor
from second decklugl (S-3) torear deck lug
2 (NS),

("/{/Cormect a 3" bare wire from rear deck lug
2 (NS) through second deck lug 2 (S-2) to
front deck lug 2 (S-1),

( % Cohnect a 700 KR precision resistor
from rear deck lug 2 (S-3) through second
deck lug 3 (NS) tofront deck lug 3 (S-1), The
body of the resistor should be between the
rear deck and the second deck,

(V/R;B. Connect a 2 megohm precision resistor
from second deck lug 3 (S-3) to rear deck
ug 4 (NS),

(" ) Connect a 3" bare wire from rear deck
lug 4 (NS) through second deck lug 4 (S-2)

to front deck lug 4 (S-1),

(*/4{917, Connect a 7 megohm precision re-
sistor from rear deck lug 4 (S-3) through
second deck lug 5 (S-2) to front deck tug 5
(NS), The body of the resistor should be

/etween the rear deck and the second deck,

( R25, Connect a 9 megohm precision re-

sistor from rear deck lug 5 (S-1) to second
eck lug 6 (NS),

( ) Connect a 1-3/4'" hookup wire from rear
deck lug 6 (S-1) to second deck lug 6 (NS),

(‘4 R26, Connect a 900 K precision resistor
from rear deck lug 7 (NS) to second deck
lug 6 (S-3). Use sleeving on both leads,

( R27, Connect a 90 KQ precision resistor
from rear deck lug 7 (S-2) to second deck
Iug 8 (NS),

( Connect a 1-3/4" bare wire from rear deck
lug 8 (S-1) to second deck lug 8 (NS),

(Vé;. Connect a 9 KQ precision resistor from

rear deck lug 9 (NS) to second deck lug 8
(S-3).

( 9, Connect a 900  precision resistor
from rear deck lug 9 (S-2) to second deck
lug 10 (NS),

A e

Copnect a 1-3/4" bare wire from rear deck
| 10 (S-1) to second deck lug 10 (NS),

R30, Connect a 90 Q2 precision resistor from
rear deck lug 11 (NS) to second deck lug 10
(S-3).

(Mél. Connect a 9,1 Q precision resistor
(white-brown-gold-gold) from rear deck lug
11 (8-2) to rear deck lug 1 (NS), Refer to
Detail 1B for the position of the resistor
body,

This completes the resistor wiring on the
Range switch, Before temporarily setting it
aside, recheck the entire procedure, Check
all resistor leads and bare wires for possible
shorting, Visually inspect all solder connections
from every angle to make sure a good solder
connection has been made, Make sure excess
solder has not flowed over to short adjacent con-
nections, Shake out all loose pieces of solder
and wire trimmings, At this time noconnections
have been made at front deck lug 6 and lug 8,
second deck lug 9, and rear deck lug 3. The
connections made at front deck lug 5 andlug 11,
second deck lug 7, and rear deck lug 1 have not
yet been soldered,



Page 10

e FEEATHELT

CONTROL NUT

CONTROL

CONTROL
FLAT WASHER

PANEL

Detail 1C

FRONT PANEL MOUNTING

Refer to Pictorial 1 (fold-out from Page 11) for the fol-
lowinﬁ steps.

(Reﬁ’f'v Mount the phone jack on the back of the front
panel at position P. Orient the lugs as shown in
Pictorial 1. Use a control lockwasher, a contro] flat
washer, and a control nut, as shown in Detail 1C.

[;/’] R1, R2. Similarly, mount 15 K{} controls at posi-
tions O and Z. Use control lockwashers, control
flat washers, and control nuts. Orient the lugs of
the controls as shown in Pictorial 1.

( V{Aount the Function switch (#63-501) as shown in
Pictorial 1.

d"ﬂ

( \ﬂfSimilarly, mount the prepared Range switch using
a control lockwasher, control flat washer, and a
control nut. Orient the switch as shown in Picto-
rial 1.

KNOB INSTALLATION

Refer to Detail 1D and notice that the knob bushing is
tapered. Be sure, in the next step, to place this bushing
on the shaft with the small end facing out, or the knob
will not slide onto it. (Roll the bushing on a flat surface
if you are unsure about it; the bushing will gradually
turn toward the small end.) * P S

I “s,,,psf'fp/
( '{ Place a knob bushing on each of the two switch

shafts.

( \’j/Tum each shaft fully counterclockwise.

LOCKWASHER

KNOB
BUSHING

SMALL
END

Detail 1D

In the following steps you will install knobs on the two
switch shafts as shown in Detail 1E. Perform these steps
carefully, since it is difficult to remove a bushing from a
knob once it is fully inserted.

KNOB
o BUSHING

LINE UP THE POINTER AS
CALLED OUT IN THE STEP.

PUSH THE KNOB PART WAY
ONTO THE BUSHING,

NOW CAREFULLY REMOVE
NUT BOTH THE BUSHING AND THE
DRIVER KNQOB. DO NOT ALLOW THE
KNOB TO COME OFF THE
BUSHING.

PLACE THE KNOB ON A TABLE
OR OTHER FIRM SURFACE.
DRIVE PLACE A SOFT CLOTH UNDER
THE KNOB TO PREVENT T

UNTIL KNOB FROM BEING MARRED. THEN
FLUSH BUSHING  ygp A NUTDRIVER OR A

, , LARGE SCREWDRIVER AND
DRIVE THE BUSHING INTO
THL KNOB AS SHOWN. DO
NOT DRIVE 1T IN TOO FAR.

@ REPLACE THE KNOB ON THE
CONTROL FROM WHICH IT
WAS REMOVED.

P Detail 1E
7
( #) Line up the pointer of one knob with the OFF

Tk /@bsition on the panel and install the knob.
(

¥ Line up the pointer of the other knob with the
1.5V, R X 1 position on the panel and install the
knob.
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| REAR DECK

SECOND DECK

149
| FRONT DECK

FUNCTION SWITCH
NUMBERING SYSTEM

Detail 2A

FRONT PANEL WIRING

Study the Function switch numbering system as
shown in Detail 2A, The front deck of the switch
is the wafer closest to the front panel,

Refer to Pictorial 2 (fold-out from this page) for

ylowing steps,
C2, Connect a ,047 pfd 1600 volt capacitor

from the Range switchfrontdecklug 11 (S-2)
to Function switch front decklug 4 (S-1), us-
ing sleeving on both leads, The banded end
goes to the Function switch, The capacitor
body should be placed flush with the front
panel between the Range switch and the
Function switch as shown in Pictorial 2,
Avoid using excessive solder, since both
leads carry high voltage,

(i)/éonnect a 3-1/2'" hookup wire from lug 3
of control O (S-1) to Function switch second
deck lug 6 (S-1),

(*~J Connect a 5-1/2" hookup wire from 1
of control O (S-1) to lug 1 of control ((NS).
Place the wire close to the front panel,

( onnect a 2-1/4" hookup wire from lug 3
of control Z (S-1) to Function switch second
deck lug 7 (NS),

(Y Connect a 1-3/4" hookup wire from Func-
tion switch front deck lug 5 (NS) to lug 2
of phone jack P (S-1), Use sleeving over the
entire length of this wire, Avoid using exces-
sive solder, since this wire carries high
voltage,

( ¥ Connect a 1-3/4" hookup wire from Function
switch front deck lug 6 (S-1) to Range switch
front deck lug 5 (S-2),

( Y Connect a 4" hookup wire from Function
switch front deck lug 8 (S-1) to Range
switch second deck lug 9 (S-1).

(/)/E:onnect a 4-1/2" hookup wire from Func-
tion switch front deck lug 1 (S-1) to Range
switch front deck lug 6 (S-1),

(;;,;)""C&::)nnect a 6'" hookup wire from Function
switch front deck lug 2 (S-1) to Range switch
rear deck lug 3 (S-1),

( ) Connect a 2-1/2" hookup wire from Function
switch front deck lug 3 (S-1) to Function
switch front deck lug 5 (S-2), Use sleeving
over the entire length of this wire, Avoid
using excessive solder since this wire
carries high voltage,

( ) Connect a 4-3/4" hookup wire from Function
switch seconddecklug 3 (NS) to Range switch
front deck lug 8 (S-1),

(’Y/Connect a 2-3/4" hookup wire from Range
switch second deck lug 7 (S-3) tolug 1 of
phone jack P (NS),

() Connect a 5-1/2" hookup wire to lug 1 of
phone jack P {NS), Leave the other endfree
~ for connection later,

( :) Connect a 5-1/2" hookup wire to lug 1 of
phone jack P (S-3), Leave the other endfree
for connection later,
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TO BATTERY 10 "Z"
SOLDER LUG ON CIRCUIT BOARD

PICTORIAL 2



WIRED FOR 240 VAC

WIRED FOR 120 VAC TO FUNCTION SWITCH SOLDERLESS CONNECTOR

REAR DECK LUG 1

OLI‘N[

BLK-GRN
BLK-YEL BLK-YEL
BLK-RED
LK-GRN

TRANSFORMER
TRANSFORMER

BLK-RED

NOTE- DRESS THEL 10K RESISTOR
SLIGHTIY TO THE LEFT SO T
WiLl CLEAR THE POTENTIOMETER
TERMINALS

PICTORIAL 3



BLK-YEL
BLK-RED

TO FUNCTION
SWITCH REAR
DECK LUG )

WHEN WIRED
FOR 120 VAC

RANGE
SWITCH

10 FUNCTION
SWITCH SECOND
DECK LUG 3

o
i
FUNCTION
SWITCH
RED
o

X 10 7" oN

CIRCUIT BOARD

PICTORIAL 4
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CUT THIS PIN OFF
CLOSE 1O SOCKET

PLACE PINS INTO MOUNTING
HOLES. MAKE SURE PINS
BODY ARE SEATED IN HOLES BEFORE
PRESSING DOWN.

APPLY PRESSURE EVENLY
UNTIL SOCKET IS TIGHT
ON BOARD.

Detail 3A

CIRCUIT BOARD WIRING

( ) Using diagonal wire cutters, clip off lug 6 of
the 7-pin tube socket, To locate lug 6,
count clockwise from the blank space onthe
bottom of the socket, See Detail 3A,

() Properly orient the 7-pin socket and install it
through the lettered side of the board in the smal-
- ler of the twa socket locations, as shown in Picto-
rial 3. Refer to Detail 3A for the mounting proce-
dure. Be sure the socket pins are seated in the
' holes before pressing down on the socket.

-

( '7’Turn the board over and solder the socket
pins to the circuit board foil,

NOTE: In the following step, if the 9-pin saocket lugs
have small hooks, be sure these hooks are seated in the
circuit board holes before you press down on the sock-
et.

( ) Install the 9-pin socket and solder the socket
pins to the circuit board foil, Do not clip
off any of the pins of the 9-pin socket,

Refer to Pictorial 3 for the following steps,

( /) R24, Install a 3,3 megohm (orange-orange-
green) resistor in the position designated on
the lettered side of the circuit board, Bend
the leads atright anglestothe resistor body,

Insert the leads in the correct holes and
spread the leads slightly sothe resistor will
not drop out of position when the board is
turned over for soldering, All of the remain-
ing circuit board resistors will be mounted
before they are soldered,

(Y R34. Install a 220 KQ (red-red-yellow) re-
/sistor in position on the circuit board,

( L")’ R33, R35, Install two 150 KQ (brown-green-
yellow) resistors,

(/{ R16, Install a 27 KQ (red-violet-orange)
resistor,

( U/R32. Install a 10 megohm (brown-black-
blue) resistor,

(V{RQ, R10, R11, R12, R13, Install five 22
megohm (red-red-blue) resistors in the
five positions shown,

(/) R15. Install a 100 Q (brown-black-brown)
resistor,

(#) R14, Install a 10 KQ (brown-black-orange)
resistor, Position the 10 KQ resistor slight-
ly toward the center of the circuit board so
that it will clear the AC Balance control
terminals, as shown in Pictorial 3,
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% 6-32 x 3/8" SCREW

€ )#6 FIBER SHOULDER
WASHER

PILOT LAMP
b SOCKET

[« BATTERY CUP

G1Y) #6 LOCKWASHER

@ 6-32 NUT

BATTERY CUP MOUNTING ON LETTERED
SIDE OF CIRCUIT BOARD

Detail 3B

NOTE: THESE LUGS
\/ Check all the resistors for snug positioning ARE NOT USED.

against the board, Now turn the circuit board DO NOT SOLDER

over, solder each lead and trim off the excess
lead close to the board surface, Carefully check Detail 3C
each connection after clipping the leads, to make
sure a good solder connection has been made,

] . ( )/;:/3, R4, R5, Mount the three 10 KQ2 controls

NOTE: A plastic nut starter has been provided (AC CAL, DC CAL, and AC BAL) on the let-
with this kit, Use it to hold and start nuts on tered sid’e of the éircuit board so that the
screws, See Page 3 of the Kit Builders Guide mounting lugs and terminals protrude
for more information, through the foil side, Refer to Pictorial 3
‘ and Detail 3C, Hold the controls firmly
/ against the board and solder the mounting
(/) Mount the battery cup in position on the lugs and terminals directly to the foil
lettered side of the circuit board, Use a 6-32 pattern, Notice that the three lugs which do

x 3/8" screw, #6 fiber shoulder washer, #6 not connect to the foil pattern are not
lockwasher, and 6-32 nut, as shown in soldered, as mention in the note in

Detail 3B, Detail 3C,
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NOTE: WHEN INSTALLING DYODES, BE SURE TO
PLACE THE CATHODE END AS DIRECTED. THE
CATHODE END IS MARKED WITH £EI1THER A COLOR
END, COLOR DOT, COLOR BAND, OR A SYMBOL,

COLOR COLOR COLOR SYMBOL
BAND END (CATHODE
it END)
/ MM
Detail 3D

(") Refer to Detail 3D and identify the cathode
lead of the silicon diode, Mount the silicon
diode on the circuit board, Position the
cathode lead end as shown in Pictorial 3.
Solder both leads to the foil and clip off the
excess lead lengths close to the f{foil,

( "/) Mount the power transformer (#54-23-24) as
shown in Pictorial 3, Use two 6-32 x 3/8"
screws, two #6 lockwashers, and two 6-32
nuts, Do not tighten the upper mounting
screw permanently, The black transformer
lead must be toward the right side of the
circuit board, Notice that the 6-32 screw
closest to the tube sockets is insertedfrom
the foil side of the board with the nut at-
tached on the lettered side, This is done to
insure adequate clearance for the plastic
meter housing after the board is installed
in the instrument,

Y ) The transformer leads are precut to their

proper lengths, Insert the two yellow trans-

former leads in the holes marked Y andthe

two red transformer leads in the two holes

marked R, Solder these four leads to the
foil side of the board,

NOTE: The power transformer has a dual pri-
mary winding and can be wired to operate from
either 120 volts or 240 volts, Determine the AC
line voltage in your area and follow the proper
set of steps to wire the power transformer, Per-
form either the 120 Volt Wiring steps or the 240
Volt Wiring steps,

120 Volt Wiring
Vd

(f,J/ Make sure there is at least 3/8'" of bare
wire at the end of the black transformer
lead, Insert this lead in hole BL in the cir-
cuit board, Leave the excess bare wire
above the circuit board and solder the lead
/to the foil (S-1),

(') Form a hook in the bare wire at the end of
the black-green transformer lead andplace
the hook around the bare wire of the black
lead above the circuit board (S-1). The
black-red and the black-yellow wires will be
connected later,

.240 Volt Wiring /
. v/‘

() Ingert the black transformer lead int6 hole
BL in the circuit board (S-1), Cut off any
excess lead length, .

( ) Cut the black-yellow lead tothe same length
as the black-green lead.and remove 3/8" of
insulation from the end,

() Insert the black<green 3ud the black-yellow
leads inwolderlessonnector So that
both bare-€nds enter the wike coil inside the
tip, Hold the leads with one hand and twist
the ﬂﬁﬁnector until youfeel resigtance, This

/;y/‘xsts the wires together for a gogd connec-
~ tion, The black-red lead will be donnected
~ later,

R}
-

(+) C5, C6, Mount and solder the two ,005 ufd

disc ceramic capacitors in their places as
hown in Pictorial 3,

( /:33, C4, Mount and solder the two .02 ufd

disc ceramic capacitors in their places as
/shown in Pictorial 3,

( s/Cl. Mount and solder the 16 ufd150V elec-
trolytic capacitor as shown in Pictorial 3,
Be careful to align the positive (+) end of
the electrolytic capacitor adjacent to the
diode,
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(u)/ Place the pilot lamp socket in the location
shown in Detail 3C on Page 13, The screw
threads on the pilot lamp socket protrude
from the foil side of the circuit board, Solder
the lugs directly into the foil,

C\OyIECTING CABLE
( Locate the 12" length of 8-wire, color coded

i cable, Measure 5" from one end of the cable

"~ and carefully remove the cable sheathing by
.. making a circular cut with a small sharp
.+ knife and then slipping the cable sheathing
' off, Be careful not to cut the internal wires
or their insulation,

Measuring from the cut end of the sheath, cut
the wires to the following lengths:

COLOR LENGTH

( ©) Green 1/2"

( ) Yellow 3/4"

( ) Red 1-1/4"

( )j;Black 1-3/4"
(\/? Brown 2"

(/) White 3"

Q'/r) Blue 4"

( ’ff) Orange 4-1/4"

(. /) Carefully remove 3/16" of insulation from

" the end of each wire, Twist the fine wire
strands lightly together and insert the color
coded wires in their respective openings
in the lettered side of the circuit board, as
shown in Pictorial 4, The actual color code
abbreviations used on the back of the circuit
board are as follows: Black (BL), red (R),
yellow (Y), green (G), orange (OR), blue (B),
white (W), brown (BR). Solder each wire to
the foil circuit as it is inserted, Clip off
any excess wire on the wire strands and a-
void making solder bridges to other parts
of the foil circuit, Place the blue wire be-
tween the battery clip and the DC BAL
control,

ol

Solder one end of a 4" hookup wire to point
X on the circuit board, See Pictorial 4, The
other end of the wire is not connected at this
time,

The circuit board is now completely assembled
and is ready for installation,

WIRING CIRCUIT BOARD TO THE PANEL

(/) Measure 4" back from the free end of the
8-wire cable and remove the sheathing,
being careful not to cut the internal wires
or their insulation, Do not cut the green and
blue wires, but cut 1" from the ends of the
remaining six wires, Remove 1/4" insula-
tion from the ends of all eight wires,

To make the wiring as easy as possible, the
cable wires will be connected to the front panel
assembly before the circuit board is mounted,

Refer to Pictorial 4 (fold-out from Page 12) for
the following steps,

() Connect the orange wire to Function switch
front deck lug 7 (S-1),

( :), Connect the black wire to Function switch
front deck lug 9 (S-1),

( ') Connect the white wire to lug 2 of control
,Z (5-1),

(‘/) Connect
Z (S-Z).

the red wire to lug 1 of control

( /; Connect the brown wire to Function switch
second deck lug 7 (S-2),

() Connect the yellow wire to Function switch
<.~ second deck lug 1 (S-1).

( “‘)' Connect the green wire to Function switch
second deck lug 4 (S-1),

( ) Connect the blue wire to Range switch rear
deck lug 1 (S-2),

This completes the circuit board wiring to the
front panel,
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#6 LO(.KWASHER
|
=/

e

~Z

=

o~

#6 SOLDERLUG

BE SURE TO |
USE

SHORT SCREW@

6-32 x 1/4"

METHOD OF ASSEMBLING BATTERY SPRING
TO BRACKET

Detail 5A

MQUNTING THE BATTERY SPRING

i
( .) Install the large batteryholder spring on the
bracket as shown in Detail 5A, Use the
6-32 x 1/4" screw, #6 lockwasher, #6 solder
lug, and 6-32 nut, The lockwasher and nut
should be on the inner side of the bracket,
inside the spring, Otherwise the body of this
screw will protrude through the back of the
completed VTVM, Position the solder lug so

that it does not obstruct the other hole in the

bracket, Long-nose pliers should be usedto
hold the nut while the screw is tightened,

METER, BRACKET, AND CIRCUIT BOARD
INSTALLATION

Q ) Before installing the meter, it isnecessary
to remove the solder lugs and the wire
between the meter terminals, On each
terminal hold the lower nut with long-nose
pliers while loosening the upper nut with a
3/8'" socket wrench or another pair of pliers,
DO NOT PERMIT THE THREADED TERMI-
NAL STUD TO TURN, Next, tighten the re-
maining nuts snugly against the meter stud
speednut on the back of the meter, using
finger pressure only, Again, be sure that the
stud itself does not turn,

NOTE: While mounting the meter to the panel,
be sure to use a soft cloth on the workbench
surface to avoid scratching the plastic meter
housing.

( ) Insert the four meter mounting screws in
the holes in the front panel, Looking at the
panel from the rear, fasten the upper left
meter mounting screw to the panel using a
brass 6-32 nut and brass #6 lockwasher,
packed in the meter box, Only this nut
should be installed at this time,

(") Mount the Z bracket on the upper right
meter mounting screw as shown in Detail
5B, using the brass meter mounting hard-
ware, Note the orientation of the off-center
holes in the Z bracket,

( ) Install the large bracket on the two lower
meter mounting screws as shown in Pic-
torial 5, using the brass hardware, NOTE:
The bracket must straddle the cable, As
the mounting nuts are being tightened,
lightly pinch together the two legs of the
bracket to insure adequate clearance be-
tween the legs and the panel edge,

( ) Screw the pilot lamp into the pilot lamp
socket at the top of the circuit board, Slip
the 1-1/4" length of 3/8" diameter fiber-
glas sleeving over the pilot lamp and socket,
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Detail 5B

Remove the 6-32 hardware at the top trans-
former mounting lug, Refer to Detail 5B,
Temporarily set aside this hardware,

Place a #10 fiber washer over each of the
two meter terminal studs, Slip the circuit
board between the bracket legs so that the
meter stud terminals pass through the
mounting holes in the circuit board, The
bottom edge of the circuit board will now
rest on the two small flanges at the notches
in the bracket legs, Replace the two solder
lugs and the meter stud nuts over the meter
stud terminals, marked M1 and M2 in Pic-
torial 5, Orient the lugs as shown in Pic-
torial 5 and very lightly tighten the nuts,
Bend the lugs slightly away from the circuit

‘board to facilitate soldering later,

Align the circuit board so that its edges
are parallel to the panel edges and complete-
ly clear each side, Now bend the Z bracket
toward the right side of the panel and
slightly crimp the top of the Z bracket so
that its top mounting hole lines up with the
top mounting hole of the transformer on the

BN

circuit board, and the top of the Z bracket
lies flush against the circuit board, Replace
the 6-32 hardware in the top transformer
mounting lug, securing the transformer and
circuit board to the Z bracket, as shown in
Detail 5B,

Now tighten the nuts over the meter stud
terminals firmly but not excessively, Also
tighten the 6-32 transformer mounting hard-
ware to the Z bracket,

FINAL WIRING
Refer to Pictorial 5 for the following steps,

( ) Connect the hookup wire from location X

on the circuit board to Function switch

;second deck lug 3 (S-2),

( ‘6 Connect either hookup wire from lug 1 of
. phone jack P tocircuit boardlocation Z (S-1),

() Connect the remaining hookup wire from

lug 1 of phone jack Ptothe solder lug under
the battery spring on the large bracket (NS),

(\’) Connect a 6-1/4" hockup wire from M1

(S-1) to Function switch second deck lug
5 (S-1).

(‘Y') Connect a 6" hookup wire from M2 (S-1) to

Function switch second deck lug 2 (S-1),

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,

( ) Separate the three wires of the line cordto a

point approximately 5" from the end, Cut2"
from the ends of both the green wire and the
smooth wire,

Remove 1/4" of insulation from the end of
each line cord wire, Melt a small amount
of solder on the twisted bare strands of each
line cord wire to keep the fine wires
together,
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PLACE THE LINE  SQUEEZE THE TWO INSERT THE REAR
CORD IN THE SLOT. SEGMENTS TOGETHER. HALF INTO TH
. HOLE. B

Detail 5C

( p Position the proper strain relief on theline
cord about 7" back from the end of the
longest wire, Detail 5C shows the strain
relief (#75-71) for the flat line cord sup-
plied with the kit, If a round line cord is
used, install the other strain relief,

(.) Install the strain relief and line cord
through the large hole in the bracket as
shown in Pictorial 5,

j
(

) Connect the smooth line cord wire to
Function switch rear deck lug 2 (S-1),

(+') Solder the ribbed line cord wire to the po-
sition marked ''line" in the upper right-
hand corner of the circuit board, near the
transformer (S-1).

Y

( \‘-') Connect the green line cord wire tothe sol-
der lug under the battery spring onthelarge
bracket (S-2),

NOTE: Perform only one of the following two
s?eps.

(" ) If your VTVM is being wired for 120 Volt
operation, twist the black-red and black-
yellow transformer leads together and con-
nect both to Function switch rear decklug1
(S-2).

. e » o

( )-Jf your VTVM iz(}/eing wired Tef 240 Volt
opeyation, connecf the black-redtransform-
e d to Function- swijtth rear “~deck

/rﬁgl( 11)./

T

/

(/) Install the 6AL5 tube and 12AUT tube in
their respective sockets as shown in Pic-
torial 6, Be careful not to damage the tube
prongs when inserting them into their

¢ sockets,

(. ) Fasten the handle on the cabinet, using two
#10 x 1/2'" sheet metal screws,

( .),/Push the rubber feet into the four holes in the
bottom of the cabinet,

( ) Install the battery, Start the top (+) end of the
battery into the battery cup andthenpull the
spring out and over the bottom (-) end of the
battery, Now push the spring and the battery
in so the spring, battery, and batterycupare
all in line, as shown in Pictorial 6, Make
sure the spring contacts the negative (-),
metal, end of the battery,

PRELIMINARY TEST

Carefully inspect the instrument and check the
"dress'" (or arrangement) of all wiring, Be sure
the wiring and components are not positioned in
such a way that short circuits may occur,
Check all solder connections, Gently shake out
all loose wire clippings, insulation, and other
debris that may have accumulated during the
assembly of the instrument,

Make sure that the mechanical zero position of
the meter pointer is correct, If not, adjust as fol-
lows:

() Place the instrument in the normal operating
position, Turntheplastic screw onthe 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,

Plug the VTVM line cord into the proper volt-
age AC source, Turn the Function knob to the
DC+ or DC- position and the Range switchto the
1,5 V position, The tubes and pilot lamp should
light within 15 to 20 seconds of warmup time,
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I||I
PLACE POSITIVE END OF BATTERY
IN THE CUP. WORK THE SPRING
OVER THt OTHER END AND POSITION
AS IN PART B.

LOCATION OF TUBES AND BATTERY,

PICTORIAL 6

When the VTVM is first turned on, the meter
pointer will normally deflect to full scale and
then return to, or near, the zero position, This
is caused by the 12AUT tube stabilizing during
warmup, There should be some degree of ZERO
ADJ control action which will permit the meter
pointer to deflect over a limited range of the
dial, During the preliminary test warmup,

check the instrument assembly very carefully
for any indication of overheating, Assuming that
the instrument will respond in the manner indi-
cated, it will be safe to leave it turned on to
thoroughly warm up while the balance of the kit
project is completed, This will consists of test
probe preparation and cabinet assembly,
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PICTORIAL 5
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PREPARATION OF TEST PROBE AND LEADS

NOTE: Read all the remaining assembly steps
and familiarize yourself with the completed
assembly and parts before proceeding,

Refer to Pictorial 7 (fold-out from this page)
for an exploded view of the probe assembly,

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

( v R36, Locate the two small rivets and the 1
megohm  (brown-black-green) resistor
shown in Detail 7A, Insert the rivets into the
holes in the insulator so that the head of
each rivet rests on the small shoulder
around the hole in the insulator, Now turn
the insulator over and lay it flat on the
workbench,

KEEP SOLDER

CRIMP  AWAY FROM EDGE.

SHOULDER

Detail 7A

(V) Cut one resistor leadto3/8", Bendthe other
lead over and cut flush with the first lead
as shown in Detail TA, Squeeze the leads
together so that they line up with the rivet
holes,

¢/ ) Insert the resistor leads into the rivetsand
lightly crimp the rivets with long-nose
pliers or diagonal cutters to hold the
resistor,

NOTE: Before proceeding further, check the
orientation of the resistor on the insulator,
With the notch in the insulator facing you, the
resiﬁtbr should be on the left-hand side,

( "/Solder the resistor leadstothe rivets, Make
sure the resistor is square with the insert
insulator and that the solder flows down the
rivet to hold the rivet tight against 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,

() Strip 1/2" of the outer insulation from one
end of the shielded test cable, Clip off the
shield wires up to the outer insulation, It
is absolutely essential that the shield wires
on this end of the shielded test cable be
completely insulated from the rest of the
probe tip, DO NOT wrap the joint with tape
of any kind as this could cause a high re-
sistance leakage path across the shielded
portion and the resistor lead,

NOTE: In the following steps, take special care
to avoid melting or cutting the inner plastic
insulation of the shielded test cable, When
soldering, hold the wire with long-nose pliers
near the insulation to conduct the heat away
from the plastic insulation, ’
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CLIP OFF
SHIELD WIRES

Detail 7B
:i/

(/) Remove 1/4" of the inner insulation from the

shielded cable and solder to the resistor
lead as shown in Detail 7B, Use only enough
heat t6 cause a good solder connection, being
careful not to melt the inner insulation of
th¢/shielded cable,

Refer to Detail 7C for the assembly of the
front section of the probe, being careful to
observe the orientation shown, Assemble
the 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 probe body so that the
small retaining ring notch in the spike is

Detail 7D

exposed, While holding the spike in firmly
against the spring pressure with one hand,
use a screwdriver or penknife to insert
the retaining E washer into the notch in
the spike as shown in Detail 7D, When this
E washer is securely in place, the spike
will be locked to the front section of the
probe body,

FLAT SIDE OF SHAFT
ALIGNS WITH TABS ON
FRONT SECTION AND
SWITCH LEVER.

4

Detail 7C
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HOOKUP WIRE

Detail TE

Refer to Detail 7E for final assembly of the
test probe,

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

(J{ Slip the center section of the probe body onto
the shielded cable,

;

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

( /Insert the tab on the front section of the
probe body into the notch in the insert
insulator, Holding the front section sta-
tionary, screw the center section onto the
front section, thus pushing the insert insula-
tor down to its final seat, It is imperative
that the final probe assembly be carriedout
in this manner:; otherwise, proper connec-
tion between the rivet heads and the front
section of the probe will not be made,

( /{ Remove the scrap hookup wire,

NOTE: If the gap between the front and middle
sections is not considerably less than 1/16", the
tab is not properly seated in the notch and the
above steps must be repeated, Also, when
properly assembled, the switch lever will notice-
ably ''detent,” or drop into place at both ex-
trefne switch positions,

(\ Place the red alligator clip insulator over the alligator
clip with threaded insert.

() Screw the alligator clip withthreadedinsert
onto the probe spike as far as it will go,

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

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

( j) Route the free ends of both cables through
the phone plug body,

(J) Taking care not to cut the outer layer of
very thin wires (shield), remove 1/2" of
the outer insulator from the free end of
the shielded test cable, as shown in De-
tail 8A,

(v/) Twist the shield wires lightly into one
strapd, Remove 1/4" of the inner insu-
1a3ion,

( Remove 1/2" of insulation from one end of
the black test cable, Now twist the shield
wires of the shielded cable and the wires
of the black cable firmly together into one
strand and tin the combined strand heavily,
as shown in Detail 8A, Also tin heavily the
inner conducting wire, Take care notto melt
the inner insulation,
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Detail 8A

In the following step, you will connect the pre-
pared cables to the phone plug as shown in Pic-
torial 8, To avoid overheating the cable insu-
lation, apply a film of solder to the phone plug
and heat thoroughly, Then hold the heavily
tinned wires to the phone plug and apply just
e]augh heat to melt the solder,

(

) First, solder the two twisted wires to the
phone plug, Be careful not to melt or burn
the inner plastic insulation of the shielded
cable, Then solder the inner 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 connec-
tion,

(gl’)/;&fter the wires have completely cooled
down, use pliers to bend the tabs on the

phone plug over lightly to secure the two
cables, Be sure notto cut throughthe insula-
tion by pinching the cables too hard with
the tabs, Screw together the two parts of
the phone plug,

This completes the phone plug assembly,

( Place the black alligator clip insulator, small end first,
on the black test lead.

(_/r Strip 1/2" of insulation from the free end
of the black test lead, tin the strands of
wire and solder to the alligator clip,

(“) After the solder connection has cooled, slide the
insulator over the alligator clip.

NOTE: 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 manner:

1, Select a location for the label where it
can easily be seen when needed, but
will not show when the unit is in oper-
ation, This location might be on the rear
panel 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,

BLACK
ALLIGATOR
CLIP
INSULATOR

PICTORIAL 8
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TEST AND CALIBRATION

During the preparation of the test leads and cabi-
net, the VITVM has had an opportunity to warm up
thoroughly and should now be calibrated,

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

( Y Turn the instrument on again,

ZERO ADJUST

( ) Set the Function switch to DC+, Check oper-
ation of the ZERO ADJ control, Turning
this control should move the meter pointer
part way up scale, Set the pointer tozero at
the left side of the scale and check for
zero positioning when the Function switch
is changed to DC-, It should be possible to
obtain a ZERO ADJ control position that will
permit the meter pointer toremain station-
ary when switching through 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 indi-
cation that additional aging of the 12AU7
tube is required, This aging canbe obtained
by leaving the instrument turned on for a
period of 48 hours or more, or through con-
tinued use of the VTVM with periodic cali-
bration,

DC CALIBRATE

(\//Insert the test lead phone plug, Set the
Function switch to DC+, the Range switchto
1,5 V and the probe to DC, Connect the
probe to lug 1 on the rear wafer of the
Range switch (the point to which the blue ca-
ble wire is connected in Pictorial 4).

( ) Adjust the DC Calibrate 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 meter
read 1,4 volts, and 1,5 volts, and then the
red dot, As soon as the red dot is reached,
stop turning the DC Calibrate control, Re-

member that the Range switch must be set

on 1,5 V for this adjustment,

OHMS CHECK

( / Set the Function switch to OHMS, Set the

' OHMS ADJ control for full scale (infinity),
Set the probe switch to AC-OHMS (the posi-
tion opposite the DC marking) and touch the
probe to the common test clip, The meter
pointer should drop to zero at the left end
of scale (no resistance),

gt,cu;“ k\? JZ

NOTE: Your AC power line outlets may be either the 2-wire
or 3-wire type. Determine which type you have and complete
the appropriate AC Calibration instructions. If you have
2-wire outlels. you will need to purchase a line cord adapter
before you calibrate the VI'VM. Then use the AC Calibrate
With Line Cord Adapter for the 2-wire outlets and AC
Calibrate Without Line Cord Adapter for the 3-wire outlets.

>

AC Calibrate With Line Cord Adapter !Z'/;

AC CALIBRATE

CAUTION: Do not allow the green wire on the line cord
adapter to be grounded in any way, or te touch any part of
the VTVM. A good way to prevent this is to put a piece of
tape over the spade lug on the end of the green wire.

( ~‘)"‘flnstall the line cord adapter on the line
cord,

( M;émporarily remove the phone plug from the
jack.

( )/Set the Range switch to 1,5 V and the Fune-
tion switch to AC,

( Must the AC Balance control so no move-
ment is detected when switching from AC
rough DC- to DC+,

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

{/VTVM for 240 VAC operation,

(:’/Set the Function switch to AC,
( Set the AC Calibrate control fully clockwise,

(1) Reinsert the phone plug.
(lj&et the switch on the test probe to AC,

( “f Connect the test 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, '

?_J‘ ir ~ Tt
b

i
i
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M‘T/Now connect the negative meter lead to the
side of the AC line with the lowest reading,
Then connect the test probetothe other side
of the line,

(L)/.'{djust the AC Calibrate control until the
meter pointer indicates the line voltage,

(/{ Disconnect the test lead and probe,

AC CALIBRATE WITHOUT LINE CORD
ADAPTER

CAUTION: Do NOT use the common (negative)
lead of the VTVM when measuring power line
voltages, This lead is already connected to the
circuit ground andto the power line ground, If the
common lead should contact the "hot" side of the
power outlet, the power line will be short-
circuited, Connect ONLY the meter probe, set on
AC, to the power line,

( ) Temporarily remove the phone plug from the
jack,

() Set the Range switch to 1,5 V andthe Func-
tion switch to AC,

() Adjust the AC Balance control so 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 VTVM for 120 VAC opera-
tion, or to the 500 V range if you wired the
VTVM for 240 VAC operation,

() Set the Function switch to AC,

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

( ) Reinsert the phone plug,

() Connect the test probe to the side of the
AC line with the highest reading,

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

AGING AND FINAL CALIBRATION

( ) It is recommended that the tubes be aged
before final calibration, This is accom-
plished by keeping the instrument turnedon
for a period of at least 48 hours, Final
calibration should be done in the same way
as the initial calibration, Careful calibration
will result in a more accurate instrument,
If a standard AC meter is available, it is
desirable to use such an instrument to
check the accuracy of the VIVM, Prefer-
ably, use a voltage near full scale on the
VTVM as for instance, 140 volts or 40
volts on the 150 V or 50 V range respec-
tively, The DC scales may also be cali-
brated using a DC meter of known accuracy,
One of the major advantages of kit form
instrument assembly is that the kit builder
becomes thoroughly familiar with the cali-
bration procedure and is therefore capable
of periodically checking VTVM operating
accuracy, instead of assuming that usual
factory instrument calibration is still valid,

After final calibration, place the instrument in
the cabinet and secure it with two 6-32 x 3/8"
sheet metal screws. The instrument is now ready
for use, The power consumption of the VTVM
is very low and there is no objection to leaving
the instrument on continuously during the daily
work period rather than turning it off each time
a measurement function is completed, Daily
operation for a period of several hours or more
will also serve the purpose of minimizing possi-
ble moisture accumulation,
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USING YOUR VTVM

Figure 1

COMBINATION PROBE

The combination AC-OHMS-DC testprobe elimi-
nates two of the usual three test jack installa-
tions in the VTVM f{ront panel, The probe is set
to AC-OHMS (the position opposite the DC mark-
ing) when the Function switch is on AC or OHMS,
and on DC when the Function switchison DC+ or
DC-, The probe tip design makes itunnecessary
to actually hold the probe to the circuit, Instead,
the probe can be clipped onto anyleadin the cir-
cuit, as shown in Figure 1, giving the operator
another free hand,

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

The metal case of this instrument is connected
to the ground of the internal circuit and, through
the greenline cord wire, to the power line ground,
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
familiarize himself with the equipment 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

to 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,

DC VOLTAGE MEASUREMENTS

The VTVM has many advantages over nonelec-
tronic volt-ohmmeters, The greatest advantage
is the high input resistance, This enables much
more accurate readings to be obtained in high
impedance circuits such as resistance coupled
amplifiers, oscillator grid circuits, and AVC
lines,

To illustrate this, assume a resistance coupled
audio amplifier with a ,5 megohm plate load re-
sistor operating from a 100 volt plate supply as
shown in Figure 2, Assume that the plate voltage
is 50 volts and therefore the tube acts as a .5
megohm resistor. Measuring the plate voltage
with a conventional 1000 ohms-per-volt instru-
ment on the 100 volt scale, the meter can be
considered a 100,000 © (,1 megohm) resistor
in parallel with the tube, The voltage on the plate
is then about 14 volts, and is shown as such by
the meter, This is due to the shunt resistance of
the low resistance meter, Using the VTVM on any
scale setting, the full 11 megohms is placed in
parallel with the tube, The voltage on the plate
is then about 49 volts or 2% lower than the
normal operating voltage, More accurate read-
ings can thus be obtained with the high resistance
provided by an electronic voltmeter,

To measure DC voltage with the VTVM, connect
the COMMON (black lead) to the common or
"cold" side of the voltage to be measured, Set
the Function switch to DC+ or DC- as required
and set the Range switch to a range greater
than the voltage to be measured, if known, If un-
known, set to 1500 V, With the test probe set on
DC, touch the "hot" side of the voltage to be
measured, If the pointer moves less than 1/3
of full scale, switch the Range switch to the
next lower range, For greatest measurement
accuracy, all voltage measurements should be
made on the range which will accommodate the
largest possible deflection of the meter pointer,
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Figure 2

The available voltage ranges are intended to pro-
vide coverage for the radio and TV serviceman,
For example, the 1,5 V range will be useful in
measuring bias voltages, DC heater voltages, etc,
The 5 V and 15 V ranges will again prove their
worth in bias measurement functions, The 50 V
and 150 V ranges will find greatest application
in the measurement of voltages encountered in
universal or transformerless type radio circuits,
The 500 V range can be used on conventional
transformer operated power supplies found in
radio and TV circuits, and this voltage range
eliminates the necessity for switching from one
range to another when measuring plate and
screen supply voltages, On many occasions, the
higher voltage ranges will prove useful,

DC accelerating potentials developed in TV
receiver flyback power supply systems can be
safely measured through the use of the HEATH-
KIT High Voltage Probe in conjunction with the
VTVM, This probe with its precision multiplier
resistor mounted in a safety plastic probe
housing will provide a multiplication factor of
100 for the VITVM DC ranges, 30,000 volts DC
is generally considered the safe upper limit for
these measurements,

CENTER SCALE "0" POSITION

Your VTVM features a convenient center scale
zero position, The adjustment range of the ZERO
ADJ control will permit center scale zero

deflection of the meter pointer when Function
switch is set to DC+ or DC-, Center scale
zero may not be obtained at both positions,

The center scale zero will be useful as a null
indicator in discriminator adjustments, for bias
measurements or any application where polarity
reversals may occur,

AC VOLTAGE MEASUREMENTS

Power Line Measurements

CAUTION: When you measure the power line
voltage from a 3-wire grounded system, do
NOT use the common (negative) lead of the
VTVM, This lead is already connected through
the green lead of the 3-wire line cord to the
power line ground, If you should touch this com-
mon lead to the "hot'" side of the power outlet,
the power line will be short circuited, Connect
ONLY the meter probe, set on AC, to the power
line, If there is no meter indication, connect
the probe to the other side of the power line,

If you use a 2-wire system, use the adapter
plug supplied with the VTVM,

If you have occasion to measure a 240 volt, 3-
wire, AC power line, you will get a meter indi-
cation at two of the three connections, The con-
nection which produces no meter reading is the
common side of the power line, Addtogether the
voltages at the other two connections to deter-
mine the line voltage,
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Other AC Voltages

To measure AC voltage, connect the COMMON
(black) lead to the common or ''cold" side of the
voltage to 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, set to 1500 V, With the test
probe set on AC, touch the other side or "hot"
side of the voltage to be measured, If the meter
moves less than 1/3 of full scale, switch to the
next lower range, The maximum AC voltage that
can be safely measured is 1500 volts, and this
limit must not be exceeded, The meter scales are
calibrated in both rms and peak-to-peak voltages,
When values of sine waves are measured, rms
voltages are read and the corresponding values in
peak-to-peak volts are equal to 2,83 times the
rms voltage, If the range switch is setat 15V
and a sine wave of 10 rms volts is applied to the
instrument, the meter pointer will indicate 10
rms volts and 28,3 peak-to-peak volts., This
direct-reading, time-saving feature makes the
usual calculation to transpose from one scaleto
another unnecessary,

This VTVM is an extremely sensitive elec-
tronic 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 ranges, Zero
should be set with the probe shorted to the
common clip, Then switch back and forth
between DC- and DC+,

RESISTANCE MEASUREMENTS

To measure resistance with the VIVM, con-
nect 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 a range that will provide a reading
as near mid-scale as possible, Set the OHMS
ADJ control so the meter indicates exactly
full scale (infinity), With the test probe set on
OHMS, touch the other side of the resistor or
circuit to be measured, Read resistance on
the OHMS scale and multiply by the proper
factor as shown by the Range switch settings,

NOTE: Although a battery is used to measure
resistance, the indication is obtained throughthe
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 ohmmeter
battery, particularly if the test leads are acci-
dentally shorted together when lying on the
service bench,

USING THE DECIBEL SCALE

Because the human ear does not respond to
volume of sound in proportion to signal strength,
a unit of measure called the ""bel" was adopted,
The bel is more nearly equivalent to human
ratios, Normally the reading is given in 1/10
of a bel or a decibel, Various signal levels are
adopted by various manufacturers as standard
of zero decibel, The VTVM DB scale (decibel)
uses a standard of 1 milliwatt into a 600 2 load
as zero decibels, This corresponds to,774 volts
AC on the 1.5 V scale, From this figure, the
various AC ranges of the VIVM may be con-
verted to DB, with adequate accuracy, by the
following chart:

AC VOLTS SCALE DECIBEL SCALE

0-1,5 volts Read db directly

0-5 volts Add 10 db to the reading
0-15 volts Add 20 db tothereading
0-50 volts Add 30 db to the reading
0-150 volts Add 40 db to the reading

0-500 volts
0-1500 volts

Add 50 db tothereading
Add 60 db tothe reading

As the decibel is a power ratio or voltage
ratio, it may be used as such without specifying
the reference level, Thus for instance, afidelity
curve may be run on an amplifier byfeeding in a
signal of variable frequency but constant ampli-
tude, At a reference frequency of say 400 cps,
adjust the input to give a convenient indication
(zero db, for instance) on the VTVM connected
to the output, As the input frequency is varied,
the output variation may be noted directly inDB
above and below the specified reference level,
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READING THE METER SCALE

The voltage markings for the Range switch refer
to the full scale reading, The scale is marked
0-15 and 0-50 for voltage, On the 1,5 V range,
read the 0-15 scale and move the decimal one
place to the left, Thus for example, a reading
of 8 would represent a voltage of ,8 volt, On the
5 Vrange, read the 0-50 scale and move the deci-
mal point one place to the left, that is, drop the
zero, A reading of 40 would represent a voltage
of 4 volts, On the 15 V range, read the 0-15
scale directly, EXAMPLE: A reading of 4
represents a voltage of 4 volts, On the 50 V
range, read the 0-50 volts directly, On the 150
V range, read the 0-15 scale and add one zero,
EXAMPLE: A reading of 12 represents a voltage
of 120 volts, On the 500 V range, read the 0-50
scale and add one zero, EXAMPLE: A reading
of 40 represents a voltage of 400 volts, On the
1500 V range, read the 0-15 scale and add two
zeros, EXAMPLE: A reading of 8 represents a
voltage of 800 volts,

NOTE: The meter markings do not mean that
the upper scale indicates DC volts and the lower
scale AC volts, Rather, it means that either
scale will read AC volts or DC volts, depending
on the setting of the Function switch,

The resistance marking or OHMS scale refers
to the lowest resistance range, RX1, For the
other ranges, add the proper number of zeros,
Add two zeros for RX100, four zeros for RX10K
and six zeros for RX1 MEG, On the RX1 MEG
range, the scale can also be considered to read
directly in megohms,

ACCURACY

The accuracy of the meter movement 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 volts at any point on the
scale, OnDC, the accuracy of the multipliers (1%)
may be additive, resulting in an accuracy of
within 3% of full scale,

On AC, the accuracy of the rectifier circuit con-
tributes variations which result in an accuracy
of within 5% of full scale, Bear in mind that on
the lowest AC wvoltage range, 1.5 V extreme
sensitivity will introduce additional variation
through stray pickup, Therefore, on the 1,5V
range, it is possible that the accuracy may be
in the order of 15% on AC only,

The accuracy on the OHMS range depends on the
meter accuracy, the ohms multiplier accuracy
(including the internal resistance of the battery)
and the stability of the battery voltage, On the
RX1 scale, the internal resistance of the battery
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 possible,

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 nonlinear OHMS scale, the resulting
accuracy is not readily expressed in a per-
centage figure, but greatest accuracy is ob-
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 opposite
direction, Therefore, when comparing two in-
struments of 5% accuracy, the total difference
may be 10%, Critical comparisons should only
be made against certified laboratory standards,
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IN CASE OF DIFFICULTY

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

It is interesting to note that about 90% of the
kits that are returned for repair, do not
functidon 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,

Check to be sure that all tubes are in their
proper locations, Make sure that all tubes
light up properly,

Check the tubes with a tube tester or by
substitution of tubes known to be good,

5.

Check the values of the component 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 instructions,

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

If, after careful checks, the trouble is still
not located and a voltmeter is available,
check voltage readings against those found
on 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% due to line
voltage variations,

A review of the Circuit Description will
prove helpful in indicating where to look
for trouble,

NOTE: In an extreme case where you are unable to resolve a
difficulty, refer to the “Customer Service” information inside
the rear cover of this Manual. Your Warranty is located inside

the front cover.
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TROUBLESHOOTING CHART

COMPLETELY INOPERATIVE

1, Make sure that power is being appliedto the
instrument, This may be measured across
the primary winding of the power trans-
former (black lead to black-red lead),

2, If pilot lamp and tube filaments do not light,
check voltage between the yellow leads of
power transformer (5-6 volts AC),

3. Check voltage between each end of electro-
lytic capacitor and ground, Correct voltages
are shown on the Schematic,

4, Check the 12AU7 tube,

INABILITY TO OBTAIN DC BALANCE

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

2. Check the two ,005 capacitors C5 and C6
(Pins 2 and 7 of the 12AUT),

Check the components in the cathode circuits
of the 12AU7 tube (Pins 3 and 8), These
circuits include the ZERO ADJ control, R1,
R33, R34, and R35,

4, Check Range switch assembly carefully,

AC INOPERATIVE

1, Check the 6ALS5 tube,

2, Check C2, ,047 ufd 1600 volt, and the two
.02 pfd capacitors, C3 and C4,

3. Check Function switch assembly carefully,

AC BALANCE

1, Disconnect test leads from instrument be-
fore adjusting the AC Balance control as
directed in the manual,

2, It is imperative that DC balance be obtained
before this adjustment is made,

INACCURATE AC READINGS (The inability to
obtain AC calibration),

1. Check capacitors C2, C3, and C4,
2, Check the BALS5 tube,

3. Check the AC Calibrate control, R3, NOTE:
With the test lead plug inserted, there maybe
a residual reading, This is due to stray AC
pickup in the test leads, Readings onthe two
lower AC ranges will normally be low,

INACCURATE DC READINGS

1, Check the DC calibrate control, R4,
2, Check resistor in the test probe, Make
sure that it is not being grounded,

OHMS INOPERATIVE

‘1. Check the OHMS ADJ control, R2, for

correct value,
2, Check Range switch for proper assembly,

3. Check the battery,

OHMS INACCURATE

1. Check the battery (Substitution),

2, Check the value of all resistorsonthe range
switch which have a value beginning with the
number ""9", (The 9,1 © R31 should receive
special attention,) NOTE: The ohms section
of the VITVM is not intended for use as a
standard, Where a great degree of accuracy
is required, a bridge should be used,
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MAINTENANCE

METER

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

METER COVER

If the polystyrene meter cover is accidentally
damaged, a replacement cover only is available
from the Heath Company, This cover can be
easily removed without detaching the meter from
the panel, Use a small screwdriver or knife
blade under one of the upper cornersandpop off
the friction-fit cover, When installing a new
cover, precaution should be observed regarding
proper engagement of the mechanical zeroadjust
stud, If it isnecessaryto expose the meter move-
ment to air for a period of time, protect the
movement from foreign matter, dust, ete,, by en-
closing the instrument in a box or possibly in a
desk drawer,

ELECTROSTATIC CHARGE

The polystyrene meter cover has been treated
to resist an accumulation of static electricity,
However, should a static charge accumulate
through repeated polishing or cleaning of the
meter cover, the pointer will deflect in an
erratic manner, regardless of whether the
instrument is turned off or on, This condition
can be corrected quickly, Apply a small quantity
of liquid dishwashing detergent to a clean, soft

cloth and wipe the surface of the meter cover,
The accumulated electrostatic charge will im-
mediately disappear, It is not necessary to re-
move the cover for this correction,

CHECKING METER COIL CONTINUITY

When checking for meter coil continuity,
ALWAYS use a resistor of at least 10 KQ in
series with the meter movement and the ohm-
meter test leads, 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 resistor used in the test
probe,
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ACCESSORY PROBES

HIGH VOLTAGE TEST PROBES

A high voltage test probe is available from the
Heath Company. This probe will permit VTVM
DC measurements up to 30,000 volts, which cov-
ers the range of flyback power supply voltages
commonly encountered in TV receivers, This
probe consists of red molded housing with
black molded handle, It contains a 2%precision,
1090 megohm resistor and provides a DC range
multiplication factor of 100 for 11 megohm
input VIVMs,

Older maodel high voltage probes may be converted for
use in the IM-5218 by making a ground connection

from an alligator clip lead to the body of the probe
phone plug.

RF TEST PROBE

A RF test probe is available from the Heath
Company, This probe will permit VTVM usage
for RF measurements up to 30 volts, sub-
stantially flat from 1000 cps to 100 mc, A
built-in isolating capacitor permits DC voltage
range up to 500 volts, It uses a printed circuit
board for easy assembly and its housing is of
polished aluminum with polystyrene insulation,
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FOR PARTS REQUESTS ONLY

e Be sure to follow instructions carefully.
o Use a separate letter for all correspondence.
e Piease allow 10 - 14 days for mail delivery time.

SEND TO: DO NOT WRITE IN THIS SPACE

HEATH COMPANY

BENTON HARBOR

MICHIGAN 49022

ATTN: PARTS REPLACEMENT

Phone (Replacement parts only):
616 982-3571

INSTRUCTIONS

® Please print all information requested.

e Be sure you list the correct HEATH part number exactly as it appears in the parts list.

e |f you wish to prepay your order, mail this card and your payment in an envelope. Be sure
to include 10% (25¢ minimum, $3.50 maximum) for insurance, shipping and handling.

i Michigan residents add 4% tax.

Total enclosed $

® |f you prefer COD shipment, check the COD box and mail this form. CcoD []
NAME

ADDRESS

cmy

STATE 2P

The information requested in the next two lines is not required when purchasing nonwarranty
replacement parts, but it can help us provide you with better products in the future.

Model # Invoice #
Date Purchased Location Purchased
LIST HEATH ary PRICE TOTAL
PART NUMBER : EACH PRICE

TOTAL FOR PARTS

HANDLING AND SHIPPING

MICHIGAN RESIDENTS ADD 4% TAX

TOTAL AMOUNT OF ORDER

THIS FORM IS FOR U.S. CUSTOMERS ONLY — OVERSEAS CUSTOMERS SEE YOUR DISTRIBUTOR

FOR PARTS REQUESTS ONLY

® Be sure to follow instructions carefully.
® Use a separate letter for all correspondence.
® Please allow 10 - 14 days for mail delivery time.

SEND TO: DO NOT WRITE IN THIS SPACE

HEATH COMPANY

BENTON HARBOR

MICHIGAN 49022

ATTN: PARTS REPLACEMENT

Phone (Replacement parts only):
616 982-3571

INSTRUCTIONS
® Please print all information requested.
e Be sure you list the correct HEATH part number exactly as it appears in the parts list.
® |f you wish to prepay your order, mail this card and your payment in an envelope. Be sure
1o include 10% (25¢ minimum, $3.50 maximum) for insurance, shipping and handling.
Michigan residents add 4% tax.
Totalenclosed $
® |f you prefer COD shipment, check the CCD box and mail ths form. COoD [

NAME

ADDRESS

CiTY

STATE ZiP

The information requested in the next two lines is not required when purchasing nonwarranty
replacement parts. but it can help us provide you with better products in the future.

Modal # Invoice #

Date Purchased Location Purchased
LIST HEATH aQTY PRICE TOTAL
PART NUMBER EACH PRICE

TOTAL FOR PARTS

HANDLING AND SHIPPING

MICHIGAN RESIDENTS ADD 4% TAX

TOTAL AMOUNT OF ORDER

THIS FORM IS FOR U.S. CUSTOMERS ONLY — OVERSEAS CUSTOMERS SEE YOUR DISTRIBUTOR



CUSTOMER SERVICE

REPLACEMENT PARTS

If you need a replacement part, please fill in the Parts Order
Form that is furnished and mail it to the Heath Company.
Or, if you write a letter, include the:

® Part number and description as shown in the Parts
List.

® Model number and Series number from the blue and
white label.

® Date of purchase.

® Nature of the defect.

Please do not return parts to the factory unless they are
requested. Parts that are damaged through carelessness or
misuse by the kit builder will not be replaced without cost,
and will not be considered in warranty.

Parts are also available at the Heathkit Electronic Centers
listed in your catalog. Be sure to provide the Heath part
number. Bring in the original part when you request a
warranty replacement from a Heathkit Electronic Center.

NOTE: Replacement parts are maintained specifically to
repair Heathkit products. Parts sales for other reasons will be
declined.

TECHNICAL CONSULTATION

your kit?.... Self-Service?. ...
Operation? .... Call or write for
assistance. You’ll find our Technical Consultants eager to
help with just about any technical problem except
“customizing’’ for unique applications.

Need help with

The effectiveness of our consultation service depends on the
information you furnish. Be sure to tell us:

® The Model number and Series number from the blue
and white label.

® The date of purchase.

An exact description of the difficulty.

® Everything you have done in attempting to correct the
problem.

Also include switch positions, connections to other units,
operating procedures, voltage readings, and any other
information you think might be helpful.

Please do not send parts for testing, unless this is specifically
requested by our Consultants.

Hints: Telephone traffic is lightest at midweek. . .please be
sure your Manual and notes are on hand when you call.

Heathkit Electronic Center facilities are also available for
telephone or “walk-in"’ personal assistance.

REPAIR SERVICE

Service facilities are available, if they are needed, to repair
your completed kit. (Kits that have been modified, soldered
with paste flux or acid core solder, cannot be accepted for
repair.)

If it is convenient, personally deliver your kit to a Heathkit
Electronic Center. For warranty parts replacement, supply a
copy of the invoice or sales slip.

If you prefer to ship your kit to the factory, attach a letter
containing the following information directly to the unit:

® Your name and address.

® Date of purchase.

® Copies of all correspondence relevant to the service of
the kit.

® A brief description of the difficulty.

® Authorization to return your kit C.0.D. for the service
and shipping charges. (This will reduce the possibility
of delay.)

Check the equipment to see that all screws and parts are
secured. (Do not include any wooden cabinets or color
television picture tubes, as these are easily damaged in
shipment.) Place the equipment in a strong carton with at
least THREE |INCHES of resilient packing material
(shredded paper, excelsior, etc.) on all sides. Use additional
packing material where there are protrusions (control sticks,
large knobs, etc.). If the unit weighs over 15 lbs., place this
carton in another one with 3/4” of packing material
between the two.

Seal the carton with reinforced gummed tape, tie it with a
strong cord, and mark it “Fragile’” on at least two sides.
Remember, the carrier will not accept liability for shipping
damage if the unit is insufficiently packed. Ship by prepaid
express, United Parcel Service, or insured Parcel Post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022
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