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SPECIFICATIONS

Electronic DC Voltmeter -

TR anGeEE Ll G e e e 0-1,5, 5, 15, 50, 150, 500, 1500 volts full scale;

up to 30,000 volts with accessory probe,

Input Resistance, , ', o & s s o 11 megohm (1 megohm in probe) on all ranges;
1100 megohms with accessory probe,

(G (e e e R L e R o Balanced bridge (push-pull) using twin triode.

O s g e e A A +3% of full scale,

Electronic AC Voltmeter ~

Jf IS e S e S o P AR S § Ye 0-1,5, 5, 15, 50, 150, 500, 1500 rms scales
(,353 of peak-to-peak),

Frequency Response (5 V range). .. .. -+ &1 db 25 Hz to 1 MHz (600  source, referred
to 60 cps).

(B a2 b o e R S R S o s S e o Half-wave voltage doubler, using twin diode,

A GO O SRR s e e +5% of full scale,

Input Resistance And Capacitance, . . . 1 megohm shunted by 40 puf measured at input
terminals (200 ppf at probe tip).

Electronic Ohmmeter -

T e e O O O 0T Scale with 10 © center X1, X10, X100, X1000,
X10K, X100K, X1MEG, Measures .1 € to 1000
megohms with internal battery,

W O R S R R BT s S Gy OO 6', 200 pa movement, polystyrene case,

IEN e 3 A e T R S S R ) Combined AC-OHMS-DC switching probe, single
jack input for probe and ground connections,

R ] BTSSR o i Lonihst ot o e s NG Ao 6 e e 036 09 1% precision type,
Tbeg e ade . S e ot nuass ariinie 1 - 12AU7, twin triode meter bridge,
1 - BALS5, twin diode AC rectifier,

1 - Silicon diode power supply rectifier,

B e vl 3 NGl AN’ 4 AT AL $ 4870 3N 1-1/2 volt, "C'" cell,
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Power Requirements, , . . . . .

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

CabinetzaSize il e e ais s 5'" high x 12-11/16" wide x4-3/4" deep (overall),

e o 0o ¢ 0 0 0 0 o

Net Weight-uouooooooouoo---t--- 51bS.

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

The HEATHKIT Model IM-5228 Vacuum Tube Volt-
meter is intended for use by servicemen, engineers,
and maintenance men to make accurate measure-
ments of DC+, DC— and AC voltages, and resistance.
The design is simple and rugged, yet accurate.

In this instrument, vacuum tubes are used for
rectification 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 VTVMs 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 groundleads, The 1l meg-
ohm resistor in the probe is switched into opera-
tion when the probe switchis 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,

Because the VTVM has a very high input im-
pedance, the circuit in which the voltage is being
measured will not be significantly loaded by the
VTVM, Most nonelectronic voltmeters (VOM)
have a much lower input impedance over the-
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 toaccurately measure muchhigher resis-
tances 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,
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CIRCUIT DESCRIPTION

In order to obtain a better understanding of the
circuit, follow the Schematic Diagram (fold-out
from Page 35) while reading the Circuit Descrip-
tion,

The combination AC-OHMS-DC test lead of the
VTVM is connected tothe Function switch, which
is used to 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 switch in the DC+ or DC- po-
sition and the switching probe on DC, the test
voltage is applied through 1 megohm resistor R1
in 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, aportion of this DC
voltage is ''picked off" and applied through resis-
tor R12 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 C1andC2 tothe 6AL5
tube (half-wave doubler circuit) where it is
changed to a DC voltage which is proportional 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, R3 and R4,
is used at the input of the 6AL5 tube to insure
that the AC voltage applied tothe 6AL5 tube does
not exceed the tube's rating, The DC voltage out-
put of the B6ALS5 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, 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 6ALS5
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
measured, The ratio between the ohmmeter
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 voltage
dependent upon the quantity being measured is
applied to the grid of one-half of the 12AU7 twin
triode,” With zero voltage input to the 12AUT7
balanced bridge circuit, each of its triode sec-
tions draws the same amount of cathode current
and therefore each cathode is at the same volt-
age potential, The meter movement is connected
between the cathodes of the 12AUT 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 inthe same
direction,

The use of the bridge circuit 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 12AUT7 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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pointer may be bent as it hits against the stop.
Caution must also be exercised to avoid ap-
plying any test voltage to the test probe when
the Function switch is set in the OHMS position,
The precision resistors in the ohmmeter volt-
age divider network have very low power ratings
and can easily be burned in this way,

The power supply of the VITVM 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 power supply
provides both B+ voltage for the 12AU7 tube and
positive DC 'buck-out" voltage for the AC
balance circuit,

PARTS LIST
NOTE: The numbers in parentheses in the Parts List are To order  veplacement parts, use the Parls Order Form
keyed to the numbers on the Parts Pictorial (fold-out from furnished with this kit. If one is not available, refer to
Page 9) to aid in parts identification. “Replacement Parts™ inside the rear cover of this Manual.
Refer to the separate “Heath Parts Price List” for pricing
information.
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No, Per Kit No, Per Kit
. RESISTORS Resistors (cont'd.)
4 2-45 1 683.8 KQ 1/2 watt precision
(1= / ‘
=0 : %SO i 1{,21 uh ; 2-123 i 800 KQ 1/2 watt precision
/1.90 1 10r?{¥2n'1-/2ac ;trown v/ 2-51 1 900 KQ 1/2 watt precision
R 2 4@ Wlf 172-146 1 2.162 megohm 1/2 watt
(brown-black-orange) v 2-147 1 6.838 megohm 1/2 watt
vV 1-23 1 27 KQ 1/2 watt precision
(red-violet-orange) /
A : N/ 1252 1 9 megohm 1/2 watt pre-
/1-27 3 150 KQ 1/2 watt At

J (brown-green-yellow)

2126 1 180 KQ 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)

V(3)3-4-2% 1

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

*NOTE: This resistor is a 2 watt wire-wound
resistor, but is the same sizeasa 1 watt compo-
sition resistor,

/1-40 1 10 megohm 1/2 watt
(brown-black-blue) CAPACITORS
\/1-70 6 22 megohm 1/2 watt
(red-red-blue) /(4)21-27 2 .005 pfd disc ceramic
(23{2—24 1 90 © 1/2 watt precision 23-91 1 .047 pfd 1600 V tubular
Y 2-29 1 900 £ 1/2 watt precision ~(5)23-61 2 .05 pfd 400 V tubular
/2-35 1 9 KQ 1/2 watt precision,/(6)25-19 1 20 pfd 150 V electrolytic
‘J/z-so 1 10 KQ 1/2 watt precision
)2-39 1 21,62 KQ 1/2 watt precision CONTROLS-SWITCHES
,"/2-40 1 68,38 KQ 1/2 watt precision
2-41 1 90 KQ 1/2 watt precision1‘47)10—57 3 10 KQ tab-mounting control
2-86 1 150 KQ 1/2 watt precision ,/(8)10-142 2 10 KQ vernier control
2-42 1 216,2 KQ 1/2 watt precision . 63-500 1 Range switch
V. 2-138 1 400 KQ 1/2 watt precision ,/(9)63-501 1 Function switch
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PART PARTS
Per Kit

No,

DESCRIPTION

TUBES-LAMP-DIODE

/ 411-275

</ 411-40
/(10)412-36
V(11)57-217

TERMINAL STRIPS-SOCKETS-JACK-PLUG

3913)431-5
14)431-12
\/(15)4381-40
/(16)431-77
(17)434-15
V/434-16

/ (18)436-20
/(19)438-28

/12)431-50
(

PROBE PARTS

(20) 253-51
(21)256-15
(22) 258-53
(23)459-46
(24) 459-417
(25) 459-44
(26)459-45
(217)459-43
(28)477-11

WIRE-SLEEVING

\/ .
Jpaiot

I 343-11-1

jp44-59
/346-1

METAL PARTS

/

/90-262-6
V,200-524
~ 203-351-5

" (29) 204-254

/204-542-6

“‘[,(30) 214-2

~(31) 258-7

1
1
1
1

i Pt b et e et b et DD e

[ N o S I =

12AUT tube
B6ALS5 tube
Neon lamp
Silicon diode

1-lug terminal strip
4-lug terminal strip
4-lug terminal strip
4-lug terminal strip
5-lug terminal strip
T-pin tube socket
9-pin tube socket
Phone jack

Phone plug

E washer
1/16" x 1/8" rivet

Probe contact loading spring

Probe switeh lever

Probe insert insulator

Front section of probe body
Center section of probe body
Rear section of probe body

Probe spike

Bare wire

Black test lead
Shielded test lead
Hookup wire
Sleeving

Cabinet

Chassis

Front panel

Battery bracket
Gimbal bracket
Battery housing cup
Battery spring

PART PARTS DESCRIPTION

No, Per Kit

HARDWARE
(32) 250-49 4 3-48 x 1/4" screw
(33) 250-116 1 6-32 x 1/4" screw (black)
(34) 250-89 7 6-32 x 3/8" screw
(35) 250-54 2 10-32 x 5/8" screw
(36) 250-155 12 #6 sheet metal screw (black)
(37) 250-68 3 #7 x 3/4" wood screw
(38) 252-1 4 3-48 nut
(39) 252-3 8 6-32 nut
(40) 252-17 5 Control nut
(41) 252-32 1 Push-on speednut
(42) 252-49 2 Thumbnut
(43) 253-2 3 #6 fiber shoulder washer
(44) 253-10 5 Control flat washer
(45) 253-19 4 #10 flat washer
(46) 254-7 4 #3 lockwasher
(47) 254-1 13 #6 lockwasher
(48) 254-4 5 Control lockwasher
(49) 255-44 2 Threaded spacer
(50) 259-1 1 #6 solder lug

MISCELLANEQUS

V'54-2-24 1 Power transformer
~75-30 1 Strain relief, round cord
(51)75-71 1 Strain relief, flat cord
/{39-23 1 Line cord
V' 260-1 1 Alligator clip
Y (52)260-51 1 Alligator clip, threaded
¥ (53)73-20 1 Alligator clip insulator, red
y V73-21 1 Alligator clip insulator, black
/(54)261-49 4 Plastic foot
391-34 1 Identification label
/407-732 1 Meter
\/55)413-11 1 Neon lamp lens
“(56)455-619 2 Knob bushing
e 462-999 2 Knob
~N(57)490-5 1} Nut starter
V597-260 1 Parts Order Form
¥597-308 1 Kit Builders Guide
1

Manual (See front cover for
part number.)
Solder

NOTE: One size C 1,5 volt flashlight battery
will also be needed before the ohmmeter func-
tion of your VTVM can be used, By purchasing
the battery now, you will be able to use your
VTVM as soon as assembly is completed,



NOTE: Assembly instruction, pages 7 through 19 of the original manual, have been left out.

The VTVM uses a 1.5v ACO size battery for to mea
case and twelve screws need to be removed in order to access it. If the battery is left in the unit for a
long period of time, the battery can discharge and then leak corrosive liquid inside the VTVM.

Circuits using a LM317 adjustable regulator have been employed by others in order to eliminate this
battery. It gets 1itds power from the ungrounded sid
VTVMOs. On t hi s piegtefortispurpese.coupl e of

1.5v BATTERY ELIMINATOR CIRCUIT

15 IN4OO1
Sv
ourO—* o 1 —+—Jj¢—O
6 vac
100 [LM317| <200 _L_ IN
uF - (UNGROUNDED
01 SIDE OF
p— uF TRANSFORMER)
6v

1.5v BATTERY ELIMINATOR CIRCUIT
(WITH PROTECTION DIODES)

M

14007

= [mz17e
14407 208

T

=00 = 1M4007

100

00w gt ==, l T 100y

[

1
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(V{ C2, Connect the lead from the marked end
of the ,05 ufd tubular capacitor to lug A8 of
switch N (S-1), Connect the other leadto lug
4 of terminal strip Q (S-2).

(,/f Connect 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 AT
of switch P (S-1),

(“/) Connect a 6" wire from lug 3 of control R
(S-1) to lug B6 of switch P (S-1),

( Connect a 2" wire between lugs A3 (S-1) and A5 (NS)
of switch P. Use sleeving.

(V{Connect one end of a 3-1/2" wire to lug 2
of phone jack U (8-1), Slide sleeving over
this wire, Connect the other end of this
wire to lug A5 of switch P (S-2),

(,/$ Connect a 2-1/2" wire from lug 3 of termi-
nal strip Q (S-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),

M Connect the free end of the wire coming from
lug 8 of tube socket V2 to lug B7 of switch
P (S-Z).

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

(}'{ Connect one endofa 6-1/2" wire tolug C1 of
switch N (S-2), Insert the other endthrough
the hole near terminal strip F and connect
it to the solder lug on the battery bracket
(s-1).

(A Connect a 5" wire from lug 1 of phone jack
U (S-2) to lug B7 of switch N (S-3).

(¥ ) Connect a 4" wire from lug 1 of control T
(NS) to lug 3 of control K (S-2),

(/‘ R35, Connect a 27 KQ (red-violet-orange)
resistor from lug 3 of control J (S-2) to
lug 1 of terminal strip Q (NS),

(;/)’ R31. Connect a 180 K@ (brown-gray-yellow)
resistor from lug 1 of control T (S-3) to
lug 1 of terminal strip Q (NS),

(\/{R32. Connect a 150 K9 (brown-green-yel-
low) resistor from lug 2 of control T
(S-1) to lug 1 of terminal strip Q (NS),

IMPORTANT WARNING :
DAMAGED WHEN INSTALLING THEM IN
THEIR SOCKETS, THEREFORE, USE EX-
TREME CARE WHEN INSTALLING TUBES
AS WE DO NOT GUARANTEE OR REPLACE
TUBES BROKEN DURING HANDLING OR
INSTALLATION,

TUBES CAN BE

( V)/ R34, Connecta 150 K (brown-green-yellow)
1/2 watt resistor from lug 3 of control T
(S-2) to lug 1 of terminal strip Q (S-5).

() Install the tubes in their appropriate sock-
et (V1: 6ALS5, V2: 12AU7),

PRELIMINARY TEST

Carefully inspect the instrument and check the
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,

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

Plug the VTVM line cord into the appropriate
AC power source, Turn the Function knob tothe
DC+ or DC- position and the Range switch to
the 1,5 V position, The tubes and pilot lamp
should light after a few seconds of warmup
time, When the VITVM 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 12AU7 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, If
the VTVM does not function in the prescribed
manner or if overheating occurs, turn the unit
off and refer to the In Case Of Difficulty
section of the manual,
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Assuming that the instrument will respondin the
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
congist 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 insert insulator, If neces-
sary, remove any ''flash'' or sharp edge on
the insert insulator with a file or penknife,

( /Rl. Locate the two small rivets, the probe
insert insulator, and the 1 megohm (brown-
black-green) resistor shown in Detail 8A,
Insert the rivets into the holes in the in-
sulator 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,

( \/) Cut one resistor leadto 3/8'", Bend the other
lead over and cut it flush with the first lead
as shown in Detail 8A, 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,

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

REAR SECTION
OF PROBE BODY

p SHIELDED
TEST CABLE

SHOULDER

KEEP SOLDER

REMOVE AWAY FROM EDGE

FLASH

Detail 8A

ALLIGATORCLIP &)
WITH THREADED 74
INSERT
7

RED ALLIGATOR
CLIP INSULATOR

) E WASHER

@ PROBE
FRONT SECTION SWITCR LEVER

OF PROBE BODY

§ 3
&Y’ PROBE TIP
LOADING SPRING

PROBE TIP ‘4&

PROBE INSERT f

INSULATOR

sé&‘ 1/16"x1/8" RIVET

/f/
//l M RESISTOR

CENTER SECTION
OF PROBE BODY

PICTORIAL 8

({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 awayfrom the
edge of the insert insulator to provide
clearance for the internal shoulder of the
probe center section,
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( }/)/ After the wires have completely cooled

: down, use pliers to bend the tabs on the
phone plug over lightly to secure the black
cable, Screw the two parts of the phone
plug together,

This completes the phone plug assembly,

(V)I Place the black alligator clip insulator, small end first,
on the black Lest lead.

(/) Tin the strands of the free end of the black
test lead and solder it to the alligator clip
as shown,

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

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 the following instructions,

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

(V{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
( ’S Set the Function switch to DC+,

() Check operation of the ZERO ADJ control,
Turning this control should move the meter
pointer part way up scale, Set the pointerto
zero at the left side of the scale and check
for zero positioning when the Function
switch is changed to DC-, It should be pos-
sible to obtain a ZERO ADJ control position
that will permit the meter pointer to remain
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 VI'VM with periodic calibration,

DC CALIBRATE

() Insert the test lead phone plug,

( ) Set the Function switch to DC+, the Range
switch to 1,5 V, and the probe to DC,

() Connect the probe and common testleadsto
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 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, Remember that the Range
switch must be set on 1,5 V for this adjust-
ment,

OHMS CHECK
( V{Turn off the VTVM,

(\/5 Install the battery by starting the top (+) end
into the battery cup and then pulling the
spring out and over the bottom (-) end, Now
push the spring and the battery 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 OHMS ADJ control 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),
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AC CALIBRATE

NOTE: Your AC power line outlets may be either the 2-wire
or 3-wire types. Determine which type you have and
complete the appropriate AC Calibration instructions. 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. NOTE: You must purchase a line cord adapter
if you wish to plug this instrument into a 2-wire outlet.

AC Calibrate With Line Cord Adapter
A

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

( ') Temporarily remove the phone plug from
the jack,

(\f Set the Range switch to 1,5 V and the
Function 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 VIVM for 120 VAC opera-
tion, or to the 500 V range if you wired the
VTVM for 240 VAC operation,

M Set the Function switch to AC,

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

( A Reinsert the phone plug,

(V{ Set 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,

([/) 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,

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

(J) Disconnect the test lead and probe,

AC Calibrate Without Line Cord
Adapter

WARNING: When your power line outletis the 3-
wire, polarized type, DO NOT use the common
(negative) lead of this VIVM to measure power
line voltages., To do so may short circuit the
power line throughthe common lead, the chassis,
and the green line cord wire,

( ) 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 VIVM 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 you age the tubes before
final calibration by keeping the instrument turned
on for a period of at least 48 hours, Final cali-
bration should be done in the same way as 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 to check the accuracy of the
VTVM, Preferably, use a voltage near full scale
on the VTVM; for instance, 140 volts or 40 volts
on the 150 V or 50 V range, respectively, The
DC scales may also be 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 VTVM oper-
ating accuracy, instead of assuming that usual
factory instrument calibration is still valid.
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FINAL ASSEMBLY AND MOUNTING

( \)7 After final calibration, place the instrument
in the cabinet and secure it withtwelve #6 x
3/8" sheet metal screws, See Pictorial 9,

#6 SHEET %
METAL SCREW
(12)

PICTORIAL 9

() Install the four plastic feet inside the gimbal
bracket as shown in Detail 9A, Peel away
the protective paper from the adhesive and
press each foot into position, Be sure you
position each foot properly before permit-
ting the adhesive to contact the metal,

£
'PLASTIC
& eoon

00

@. ™ THUMBNUT

#10 FLAT
WASHE

Detail 9A

Detail 9A shows the mounting of the gimbal
bracket, and Detail 9B shows three possible
mounting positions for the V'I'VM, Decide which
mounting position is best for you, then mount the
VTVM accordingly,

Detail 9B
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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 gimbal as shown in
Detail 9C, The VTVM can then be set on your
test bench and be moved whenever desired,

Detail 9C

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,

USING YOUR VTVM

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

SAFETY PRECAUTIONS

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 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, Thereis
always danger inherent in testing electrical
equipment and therefore the user shouldclearly
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,

COMBINATION PROBE

The combination AC-OHMS-DC test probe elimi-
nates two of the usual three test jack installa-
tions in the VTVM front panel, The probe should
be set to AC-OHMS (the position opposite 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,

Figure 1
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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 except for the
1.5 V and 5 V ranges, For 1,5volts DC read the
15 V scale and move the decimal one place to the
left, For example, a reading of 8 would be .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
move the decimal one place to the right, For
. example, a reading of 13 would be 130 volts,
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 wouldbe 400 volts,
When using the 1500 V range, usethe1l5 V scale
and move the decimal twoplaces tothe 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 range, use the 5 V AC ONLY
scale and read it directly, This scale is also
lettered in red,

Resistance measurements are read on the top
scale which is lettered in green, The marking
RX1 V indicates that you should read the scale on
the Range switch directly, For RX100, add two -
zeros to the reading, For RX10K, add four zeros
and on RX1MEG add six zeros or readthe scale
directly in megohms,

CENTER SCALE "0" POSITION

Your VTVM features a convenient center scale
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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Figure 2

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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To illustrate the advantages of the VTVM,
assume that aresistance coupled audio amplifier
with a 500 K9 plate load resistor is operating
from a 100 volt plate source, See Figure 3,

The plate voltage is 50 volts, therefore, the tube
acts as a 500 KQ resistor, When measuring the
plate voltage with a conventional 1000 ohms-per-
volt meter on the 100 volt scale the meter repre-
sents a 100 K resistor placed in parallel with
the tube, See Figure 3A, The voltage on the
plate would then be about 14 volts as shown on
the meter, This large amount of error is caused
by the shunt resistance of the meter, Using the
VTVM on any scale, the full 11 megohms input
resistance is placed inparallel with the tube, See
Figure 3B, The voltage on the plate is then about
49 volts or 2% lower than the normal operating
voltage, Thus, more accurate readings can be
obtained only with the high resistance provided by
an electronic voltmeter,

To measure +DC voltages, connect the common
(black) test lead to the "cold" (common) side of
the voltage, In transformer operated equipment,
common is usually the chassis,

Set the Range switch to the range which will
handle the voltage to be measured, If the voltage
is unknown, set the Range switch tothe 1500 volt
range, Touch the test probe (DC position) to the
voltage point, If 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 scale is usually the most
accurate, To measure -DC voltages place the
Function Switch to the DC- position and repeat
the above steps,

The voltage ranges provided by the VTVM were
selected for the greatest ease in reading andfor
convenience in making voltage measurements,
The 1,5 V, 5V, and the15V ranges will be very
handy for bias and filament voltage measure-
ments, The 50 V and 150 V ranges will be handy,
and used most often, when checking AC-DC
type equipment, The 500 V range will be used
most when measuring B+ voltages in transformer
operatied equipment,
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AC VOLTAGE MEASUREMENTS

WARNING: When your power line outlet is the 3-
wire, polarized type, DO NOT use the common
(negative) lead of this VTVM to measure power
line voltages, To do so may short circuit the
power line throughthe common lead, the chassis,
and the green line cord wire,

Power Line Measurements

1, Set the Function switch to AC, the range
switch to 150 V, and the meter probeto AC,

2, Move the meter common lead out of the way,
as it will not be used,







