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SPECIFICATIONS 

Electronic DC V qltmeter ~ 

• . • • • • • .. • • • • • • • • 9 •• 

Input Resistance. ~ • • • • . • •• ._ •• 

CircUit. • . . . . . . .... - ............ . 

. Accuracy. , . ..... .; ... ~•'-'··,. ... 

Electronic AC Voltmeter -

7 Ra11ges.. . .... . . • • . • . • . • • . . . !" , .. ... .. .. ,. 

Frequency Response (5 V rang~). . • .. . .. . 

C ireuit. .. "' , .. .. . , . . . .. .. . . . . . .. . . . .. .. 

Accttr ac¥... . . . .. . . I( • • •• ~ • • • .. • • .. .. .. _ 

Input R~sistance- And Capacitance. • .. • 

Ele:ctroriic Ohmmeter -

7 R 'ang$-s. • • . • eJ I · • • • • • ~ :.- • a ... 9 • 

Meter. • • • • • 0. ,. ... ... , . . .... , ..• 

Probe. • • • . . . . ........... , .. " .. 

Dividers. • • • • • . ~ ... ~ ............ . 
Tub-es-Diode. • • •· .............. . . , .. 

Battery. . . . ~ • • .. • • • .. • • , • p • ~ • • • 

0-1. 5 .. 5, 15~ 50, 160, 5'00, 1500 volts full scale; 
up to 30., 000 volts with aoces.spry probe. 

11 megohm (1 .m~gohm in .Probe) on all ranges: 
1100 megohn1s With accessory probe. 

Ba.1aneed briclge (push-pull) using twin triode. 

±3% of full scale • 

q-1.5~ 51 15. 50 t 15.0, 500~. 1500 rms spale$ 
(.353 of peak-tD-peak). 

±1 db 25 Hz to 1 lVfEz (600 .r~ source, referred 
tt> 80· ·CilS) . 

Half~wave voltage doubler f using twin diode. 

+5% oi full scale. 

1 Lnegolun shunted by 40 J.l.J.rf measured at input 
terminals (200 JJ.J-L f at probe tip). 

Scale with 10 51 center Xl , XlO, XlOO, X10001 
X10I<. XlOOK. XlMBG. 1VIeasures .1 n to 1000 
megohms with internal battery. 

6H. 200 t.J.a movement, polystyrene case. 

C omhined AC-OHMS-DC switching probe, singlt­
j ~ck input for _probe .and ground connections. 

1% prEJ(:ision type._ 

1 - 12AU7', tWin triode meter bridge .. 
1 - 6AL5. twin diode AC rectifier. 
1 - Silicon ~bode power supply rectifier. 

1-1/2 volt~ .. CII cell. 



Power Requirements.. • • . ... . . . ~ ,. , • • 

Cabinet Size .. • • . . . . .. . . . . . . ,. . . . . 
Ne1 Weight ••• . .. • • • ~ 4 • • • ~ • • • • • • • 
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105 ... 125 or 210-250-volts,5d/60 Hz AC,, 10 watts. 

5" hi:~h x 12.- 11/ 16" wide x4-3/ 4n deep (overall). 

5 lb~. 

The Heatll Cotnpany reserves the right to discon­
ti..t1ue instruments and te change specificationS at 
any time without. incurring any obligation to 
in.Corporat.e new features in instrum~nts pre-­
viously sold. 

INTRODUCTION 

The HEATHKIT Mode1IM-28Vacuum Tube Volt­
meter is intended for use by servicemen, en­
gineers, and maintenance men to make arc1.1rate 
measurements of DC+, DC-. and AC voltages, and 
:resistaJ}ce. The design is Simple and rugged, 
yel ac_cux·ate .. 

In thi$ instrument. v.acuum tubes are used for 
rectilic.ation and amplification on all 1neasure­
n1ent function~ to in.sure good sensitivity and 
stability of o,Perahon. Precision resistors are 
:used in the voltage divid.er networks to provide 
high accuracy._ 

The confusing tangle ·of 'test leads eomlng from 
the front panel of most VTVMs is eliminated by 
the use of a combination AC-OHMS-DC switching 
test probe and a sin.gle· jack i'nput conn·ecti€mfor 
both fhe· test probe and ground leads. The 1 meg­
ohm resistor in the probe is switcbedinto opera­
~ion wtten the :probe switch is set on DC~ This iso­
lating resistor allows DC voltages to be measur-

ed Without 1naterially affecting AC voltages pres-
ent at the test ]JOint. · 

Bee a use the VTVM has a very high input im­
pedaJlQe, the circuit in whieh the voltage t.s.being· 
measured will not be ~ignifi.cantly loaded by the 
VTVM. Most nonelectronic voltmeters (VOM) 
nave ~ mu.ch lower input imp.edance over the 
most frequently used ranges of test voltages. 
Consequently, when a VOM is used to measure 
voltages in high ilnpedance circuits, the incli­
cated voltage will be appr.eciably less than the 
actual voltage. The amplifier section enables the 
VTVM .to accurately measure muchhigh.erresis­
tanc.es thrui can be conveuiently 1neasurerl with a 
VOM. 

Read the ''Kit Builders Guide'' ·for complete 
infol·mation on unpacking. parts identification, 
tool~, wiring,. sold~ring, an.d step-by-ste_p as­
sembly procedures. 
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CIRCUIT DESCRIPTION 
In order to obtai'r1. a better understanding of the 
circuit, fo]Jow the Schematic Diagram (fold- out 
from Page 35) while reading the Circuit D~scrip .. 
ti'6n. 

The combination AC-OHMS-DC test lead of the 
VTVM is connected. to the F'P1Ctio11 switch, whioh 
is used to connect the part of th~ circuit needed 
for any of the VTVM measurement functions. 
The COMMON test lead is connected to the case 
(ground) -of the insJrum ent. 

With the Function SWltch in the DC+ or DC- po;... 
sit ion and the switehing probe on .DC, the test 
voltage is applied through 1 megohm resistor Rl 
in the probe to the Range switch, on which is a 
series of precision resistors, R17 through R23o 
arranged as a voltage divider. Depending on the 
posit_ion of the Range switch, a portion of this DC 
voltage is ''picked: off'·' and applied.througb resis­
tor R12 to the input grid of the 12AU7 tube, 

With the Function switch in the AC positi_on and 
the te_st probe on AC-OHMS, an AC test voltage is 
applied through capacitors C 1 and C2 to the 6AL5 
tube (half-wave doubler circuit) where it is 
changed' to f:l DC voltage which is proportional to 
the peak- to-peak value of the applied AC test 
voltag~. On the htgher AC ranges,. a voltag~ 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 to the 6AL5 tube does 
oot rotceed the tube's rating. The DC voltage out­
put c)f the 6AL5 tube is applied to the Range 
switch and then to the input grid of the 12AU7 
tube,. in the ·same way that DC test vo1tag~s are 
applied. ThE:- VTVM responds to peak-to ... peak 
voltage regardless o.f the test voltage waveform. 
The AC bal~nce control is used td nbuck-·out 11 the 
smaJ.I amovnt of contact potential in the 6AL5 
tube, thus eliminating t~esidual readings on the 
lower AC rano-es ' b . • 

The ohmmeter section of the VTVM uses a 1.5 
volt battery connent_ed in $eries with part ·Of the 
sta:ndard- r•e-sistor network (determined by the 
Rang¢ switch position) and the resistance to be 
measured. T11e ratio between the ohmmeter 
standard-r-e~istor netw·ork and the measured 
rest~tance determines what portion of the ohm-

rueter battery voltage is applied to the input 
grid of the 12AU7 tube. 

Thus, for all measurement functions. a voltage 
dependent Upon the quantity being measured is 
appli.ed to the grid of one-half' of the 12AU7 twin 
triode. With zero voltage input to the 12AlJ7 
balanced bridge circuit, each of its triode sec­
tions draws the same amount of cathode current . . - -
and therefore each cathode is at the sa1ne volt-
age potential. The meter movement i s connected 
between the cathodes of the. 12AU7 tube a.nd .con­
sequently will not deflect since both cathodes 
are at the same pdtential .. 

When a posttive voltage (from the Rangeswitch) 
is ,~pplied t.a one~balf 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 thr~lUgb the meter movement The 
meter po:i:q.ter ·r~sponds proportionally to .this. 
current, indicating· th€ value of voltage or re­
sistance being measure4. The DC+ and De­
switch positions are used tG reverse the meter 
connections between the cathodes so that cur­
rent alway~ flows through the meter in lne same 
direction. ~ 

l'he us·e of the bridge eircui.t minimizes any 
change in. the voltage reading if the B+ voltage 
in fue VTVM should vary since the resulting 
variation in tube. conduction will occur fn both 
triodes and, therefore, will not affect the dif­
ference in cathode potential. Also, the maximum 
conduction charact·erist.ics of the 12AU7 tube. as 
usE=d in the VTVM circuit, are such that the 
voltage applied to the meter terminals cannot 
be large enough to darnag,e then1eter movement 
This is one of the primary advantages of the 
VTVM circ_uit. The meter movement ca1mot be 
burned out l:)y inadvertently measuring: a voltage­
that is higher than the Range switcb setting. 
However, tl excessive voltage is appli~d. th~ 



pointer ma)? be bent as it hits against the stop. 
Caution must also. be ·exer-cised to av-oid ap­
plying any test voltage to the test probe when 
the Function switch is set in the OHMSposihon. 
The precision resistors in the ohmmeter volt­
a,ge divider network have verylowp.ower rati.Qgs 
and eao easily be burned in this way. 
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. 

Th~ powe,r supply of the VTVM uses a sHic_on 
diode in a half-wave re·ctifier circUit. An elec­
trolytic capacitor .is used for filtering the DC 
volt~:ge from the power supply. The·powe1· supply 
provides both B+ voltage for the 12AU7 tube and 
positive DC *'buck-out" voltage for the A-C 
balance circuit. 

PAR·TS LIST 
NOTE: The nunili~rs in parenthe::;es in the Par~ Lk:t are 
keyed to the ltumhers on t.he Parts PictoriaJ (l'old-(lut from 
Page:- 9) to a-id in. parts itlentifieation. 

PART 
No. 

PARTS 
Per Kit 

RESJSTORS 

(1)1-3 

1-:20 

1-23 

t-27 

1-126 

1-35 

1-38 

1-40 

1-70 

(2) 2-24 
2-29 
2-35 
2-50 
2-39 
2-40 
2-41 
2.-86 
2-42 
2-138 

1 

l 

1 

3 

1 

1 

1 

1 

6 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DESCBlPTION 

100 Q 1/ 2 watt 
(brown ... black-brown) 
1 o Im 1/ 2 watt 
(brown- black- orange) 
27 IW 1/2 watt 
(red-violet-orange) 
150 .Kn 1/ 2 watt 
(brown-gre€n-yellow) 
180 Kn 1/2 watt 
(brow11-gray-yellow) 
1 m e·gohm 1/ 2 watt 
(brown-blac1~-green) 
3. 3 megohm 1/ 2 watt 
(ora~ge-.orange-g:reen) 
10 megohm 1/2 watt 
(brown-black-blue) 
22 .megohm 1/ 2 watt 
(red-:ted-blue) 
90 n 1/2 watt prl9cision 
900 n 1/ 2 watt precision 
9 KG 1/2 watt. precision 
10 Kn 1/ 2 watt precision 
21. 62 Kn 1/ 2 watt pr.ecisi-on 
68.38 Kn 1/2 watt precision 
90 Iro 1/ 2 watt pr~cision 
150 Kn 1/2 watt pr~cision 
216.2 rm 1 / 2 watt precision 
400 Kn 1/2 watt prf)cisim1 

IJ'o o.rdcr •rGpiacemen:l part:?, refer to the R_eplacemeut Pari.b 
P.ric~ List and use the Parts Ordei "Form furnished with thi~ 
lciL 

PART 
No:. 

PARTS 
Per Kit 

Resistor~ (cont' d.} 

2-4;5 
2-123 
2-51 
2-146 
2-147 

2-52 

(3) 3-4-2* 

1 
1 
1 
1 
1 

1 

1 

DESCRIPTION 

683.8 KQ 1/2 watt ·precision 
800 KQ 1/ 2 watt precision 
900 KO. 1/2 watt precision 
2.162 megohm 1/ 2 watt 
6 .. 838 megohm 1/2 watt 
precision 
9 n1egohm 1/2 watt pre­
CiSion 
9.1 Q 2 watt precision 
(white-brown-gold) 

*NOTE~ ·This resistor rs a 2 watt wire-wot:md 
resis tor, but is the same size as a 1 watt compo­
sition resistor~ 

CAPACITORS 

(~)21-27 
23-91 

(5)23-61 
( 6)'2 5..,.19 

2 
1 
2 
1 

.. 005 JJ.fd disc ceramic 
• 047 J..Lid 1600 V tubtlla.t­
.05 J..Lfd 400 V tubular 
20 f.Lfd 150 V electrolytic 

CONTROLS-SWITCHES 

(1)10-57 
(8)10-142 

63-500 
{9)63-501 

-

3 
2_ 

1 
1 

10 KQ tab-mounting control 
10 KQ vernier control 
Range switch 
Function switch 
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P.l\RT PARTS DESCRIPTION 
No. Per Kit 

PART 
No. 

P ... o\-RTS 
Per Kit 

DESCRIPTION 

TUBES-LAMP-DIODE HARDWARE 

411-25 
411-40 

(10) 412-36 
(11) 57-27 

1 
1 
1 
1 

12AU7 tube 
6AL5. tube 
Neon lan1p 
Silicon diode 

4 
1 
~ 

I 

2 

3-48 x 1/ 4" screw 
6-32. x 1/4 ~>~ scre.v (black) 
6--32 x 3/8' ' screw 
10-32 x 5/ 8'' screw 

TERMINAL STRJPS-SOCKETS-JACK-PLUG 

(30) 250-49 
(31) 2.50-116 
(32}250-89 
(33) 250-54 
(3.4) 250~155 
(35) 250-68 
(36) 252-1 
(37) 262-3 
(3~)252~7 
(39) 252-32 
(40)252-49 
(41)253 ... 2 
(42) 253--10 
(4'3)253-19 
(44) 254- 7 
(45) '4 54-1 
(4t ' !d54 -4 
(47)2t 5-44 
(48)259-1 

12 
3 
4 
8 
5 
1 
2 
3 
5 
4 
4 

# 6 sheet metal sere''' (black) 
#7 x 3/ 4' ' wood screw 

(12)'431-50 
(13)431-5 
(14)431·12 
(15)431-40 
(16)431:-77 
(1 '7)434~15 

434-16 
436-20 
438-28 

1 
1 
2 
1 
1 
1 
1 
1 
1 

PROBE PARTS 

{18)253-5.1 
(19)256-15 
(20) 258- 53 
(21) 459-46 
(22) 459-4'7 
(23) 459-14 
(24). 45 9-45 
(25)459-43 
(26) 477-11 

1 
2 
1 
1 
1 
1 
1 
1 
1 

WIRE-SLEEVJNG 

340-2 
34J-1 
343-11-1 
344- 59 
346-1 

1 
1 
1 
1 
1 

METAL PARTS 

90-262-2 1 
:l00-524 1 
203-351-2 1 
204-254 1 
204- !542-2 1 

(28)214-2 1 
(29) 258-7 1 

1-lug terminal strip 
4-lug terminal str~p 
4-lug terminal strip 
4-lug terminal strip 
5-lug terminal strip 
7 -pin tube socket 
9-pin tube socket 
Phone Jack 
Phone plug 

E washer 
1/ 16" ~ 1/8'~ rivet 

13 

2 
1 

Probe contact loading sprihg 
Probe switch leve:r MISCELLANEOUS 

Prol;le ihs~rt insulator 
Front section of probe body 5~-2-24 
Center section of probe body 

4 
7~-~0 

Rear section of prebe body ( -9)7D,- ll 
Probe --pike 89-23 

~ 260-1 

Bare wire 
Black test lead 
Shielded test lead 
Hookup wire 
Sleeving 

Cabinet 
Chassis 

(50)260-51 
(51)261-29 

391- 34 
407--75 

(52)413-11 
4·32-27 

(53)455'- 50 
462-245 

(54) 490-5 
597-260 
597-308 

1 
1 
1 
1 
1 
1 
4 
'1 
1 
1 
1 
2 
2 
1 
1 
1 
1 

3-48 nut 
6-32 nut 
Control nut 
Push- on speednut 
Thumbnut 
::;-tJ fiber shouldel' washer 
Control .fla t washer 
=-1 0 flat washer 
.-3 Ioc:k"'Wa.sher 
-;76 lockwasher 
C(mtrol Iockwashe-r 
Thr e:aded spacer 
:b6 solder 1\lg 

Power transformer 
Strain relief, round cord 
St:rain r .elief, flat cord 
Line cord 
Alligator clip 
Alligator clip, 'thre·aded 
Plastic foot 
Identification label 
1\iieter 
Neon. lamp lens 
Line cord adapter 
Knob bushing 
Knob 
Nut starter 
Parts Order F-Jr m 
Kit Builders Guide 
l\1an.zal ,EEe front ~over for 
par- numb-=r . ) 
Solder 

Front panel 
Battery bracket 
Gimbal bracket 
Battery. housing cup 
Battery spring 

NOTE· One size ,.., 1. 5 volt flashlight Qa.ttery 
will a:so b~ neEd€d befor e the ohmmeter func ­
tion at your VT' "':M can be used. By pur chasing 
the batter:; now, you will be able to use vour 
YT\~ as soon as assembly is cornpl&ted~ 



STEP-BY-STEP ASSE1V16L V 

CHASSIS PARTS MOUNTtNG. 

NOTE : In th:e following two stEW~. be. sure to 
mount the ttibe $oek~.t$ from iiiside t.he cn~ssis 
as shown in Pictorial 1 ~ 

Ref .. e~ to Pic·tor lal 1 !or tne following steps. Q. 

NOTE~ A plastic· nut starter h~ be.en pl~.ovided 
with this kit~ Use it to :bold anq s.t:.a.rt Ifuts on 
screW$. See Page 3· o~ the Kit ~uijde-rs GU:ide 
for more iilfor:ri;lat idX!. 

( ) Referring to De~ail 1A,. tfl:buhtthe, 9-pin tu'Qe 
.socket at V2. Use 3-4:8 x 1/4" scr-ews,. #3 
l_ockw:a..$,er.s, ari_d 3-48 nuts;. Po~Jtioo ttie 
blank s~ace as shoWn by th$. he~vy arrow. 

;3 - 48. NlJT 

.<:·~"'l< P a LO.C'K.WASI-IE.R 

Detai l. l A 

( ) Simfl!Jxly7 n1.ount the 7-:P±h tube. socket at 
Vl~ 

NOTE: Wh~n rnoub:tittg the tenrtina1 strip$, o.tte· . ' . 
the ;pQSition of the motintfng lug- of tne dillel-ent 
.types of 4-iug termihalstripsfu,l'i)i.$I1ed. Be su;te 
to use the co:rr.e.e-t termirialstri-p in·each-step, a!S 
:indicated in Pictorial 1.. 

( ) Pre})are 'tb~ power tr~sformer (¥#54-2-24) 
ieads as sliown :ih Detail lB. Strip 1/4'1 of 
insulation from each le·ad end. ·Xih e:ae.~ Lea~ 
by melting ;a smali antount of soldeje o.r,:i the 
iead etid to holt! the ·wlre strands tcfgether. 

NOTE: Us:e· an extra i'Gokw.asher betwe·en theter·-. . 
millal :s t rip ti1'ounti~g foot and the cnassis as! 
show-n to prevent the: t~r:mi.nal strip frum turning 
while .tightening the mounting se~ew. 

SPAC~ SPAe:E 

PIC'f.QRlAL l 

Detail 1 B 

Pag_e 7 

.·~ 
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( ) 

Detail lC 

Referring to Detail 1C ~ mount the power 
transformer at. c. Mount a 4-lug terminal 
stri1> at B and a 5-1ug termiria.l strip at D. 
Us~ 6-32 :x 3/8" s·crew9, :/1=6 lock-.yashe:rs. 
anct· 6 .... 32 nuts. Be sure. to insert the trans­
former leads through the cutouts in the chas­
sis as shown. 

6 S'HOlJLt:>6R WASHER 

0 

SPACE SPACE 

PICTORIAL l 
(Repeat) 

-
"'- -

L 

( ) Referring to Detail lD, mount the· batt~ry 
spring to the batt~ry bracket, using a 6-32 
x 3/g'' screw, #6 fiber Shoulder washer, #6 
lockwasher, and a 6-32 nut. 

( ) Mount the battery housirig cup to th~ battery 
bracket., using a . 6-32 x 3/B" so.rew, 4.f6 
fiber shoulder washers, -#6 solder lug1 and 
a 6-32 nut. Position the solder lug a:s shown,. 
Be sure that the shoulder washers are sealed 
in the holes before tightening ~he hardwa:_re. 

SPRI NG 

X318" SCREWS BATT£RY 1-40US!NG 
CUP 

# 6 SHOULDER 

# 6- SOLD_ER L UG 

I 6- 32 N UT 

~~ 
NOTE POSITIONIN9> Of t-!OLES ----",..,""""S;;;;~~""'Jl 

# 6 SHOU U)ER 
WASHEi1 

D.etaif .1 D 



@e & 32 NUT 

~.# 6 LOGKWASHE'P. 

' 
I 

Detail 1 E 
.. 

( ) Referring to Detail lEt n1ount the battery 
bracket at G, a 4- lug t~rminal strip at F , 
and a 1-lug terminal st.rip at H. Use 6-32 
x 3/ 81' serews, #6 lockwash~,s., aud fl-32. 
nuts~ 

( ) Referring· to DetaillF, mount~ 4-lugtermi:­
nal strip at E, usi.ng a ()-32 4 3/ 8" screw, 
#6 lockwashers, and a 6-32 mrt. 

( ) R37. Referring to DetaillO and Pictoria1 .2~ 
n1ount a 10 Im tab-mounting control at J. 
Twist each tab 1/ 8 turn with long-nose 
pliers •. 

Page 9 

Detai I 1 F 

Detail lG 

( ) R14, Similarly1 mount another 10 Kn tab­
Inounting. control at K. 

( ) R15. Mount the remaining 10 Kn tab-mount­
ing control at L. 

roR GOOD SOLDERED 
CONNECTIONS, YOU MUST ... _ 
KEEP THE SOLDERING _--:::j . t ; I 

IRON TIP CLEAN... ~ --= /f ..;-:'· 

WIPE IT OF'TEN WITH A 
DAMP SPONGE .OR CLOTH. 

• 

: 
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POWER TRANSFORMER WIRING 

Refer to Pictorial 2 for the followi_ng steps. 

Connect the leads of the p0wer transfoJ:1n1~r in 
the following four steps: 

( ) Connect one red lead to lug 3 of terminal 
strip F (NS). 

( ) .Connect tbe other red lead to lug 4 .of 
terminal strip F (NS). 

( ) Connect one yellow lead to lug 3 of tube 
• > 

socket Vl (NS). 

( ) Connect the other yellow lead to lug ~ of 
tube socket Vi (NS). 

NOTE: The power transformer has d1ial prillla r y 
windings and c,an be wired tQ. operate from ertber 
120 volts or 240 volts. Determine the AC lin~ 
voltage in your area and perform either t.he:: "120 
Volt Wiring" or the "240 Volt Wf:ring0 steps 
which follow. 

120 Volt AC Wiring 

( ) Bl~ck t() lug 1 of terminal strip B (NS). 

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

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

( ) Black-red to lug 1 of terminal strip E 
(~S). 

240 Volt AC Wiring 

Refer to the inset drawing on Pictorlal 2 fot the· 
following steps. 

( ) Black to lug 1 of tern1i11al ·Strip B. (NS). 

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

( ) Black-yellow to lug 1 of termjnal strip D 
(~ .. 2). 

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

CHASSIS I ITIAL W1RING 

Refer to :Pic1orial 2 for the following steps. 

NOTE! It tna.J' m~ the wi1·ing easier in the 
following s:ep s to precut and strip the ends of 
the hookup -;nres. Remove 1/ 4't- of insulation 
from each end o.f the wires and lay them in the 
order liste-d. 

6" 6' ' 7-1/2'' 
~1/2" ? 4 '2' ' ~.L 7-1/2" 
5-1/2" 7-1 '4" 8" 
8" 7- 1 2" 

( ) Strip anothc:1. ? ~ ,. of insulation from one 
,~nd of a 5" ::roe. Pas~ the longer stripped 
end tlu·ough :us. 1 (S-2) to lug H (S~ 1) of 
tube socket Y2. C .:;::meet the other end of this 
wire to lug 1 :: terminal strip H (NS). 

( ) Connect a 6-1 2·· 
nal strip D l!\"5 
H (NS). 

1.ri:'~ from lug 2 of. termi­
- lug 1 of terminai strip 

( ) 

( ) 

' ) 

Strip an additional _ 2" of insulation irom 
one end of a 5-1 2 wire. Pass ther l01~ger 
stripped end til!" -'U~h lug· 1 of control L 
(S-2) to lug 3 of control K (NS). Connect the 
other end to lug 3 m tube socket V2 (S-1). 

Connect one endafan a·· wire to lug 8 of tube -
~pcltet V2 (S-O~r Rcute this wire as· shown 
and leave the other t:ud free. 

Strip another 11 4 · of insulation from one end 
of an 8" wire. Pass this longer strippBd end 
through lug 1 (S-2. r.o lug 2 (S-1) of tube 
socket Vl, Route Th:s wire as shown and 
leave the ·other end fl-ee. 

( ) Strip another 11 :: · .Ji insulation from each 
end of a 2-1/2't wi:" e. Pass one end tlirough 
lug 4 (S-3} to lug 5 'KS) of tube socket. Vt. 

( ) Pass thE? other end of this wire through lug 
5 (S- 2) to lug 4 .S-1) of tube socket V2. 

( \ Connect one end c :: a ~ -1/ 4'' wire to lug 1 of 
terminal strip· E (S-31 (S-2 fot-· 240 volt wir­
ing). Route this wir~ as shown and leave the 
other end free_ 
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120 VAC WrRI NG 

( ) Connect ~ bare wire from lug 9 of tube 
soc1{et VZ (S-1) to lug 3 of tube socket Vl 
(S-2). 

NOTE: The wires inStalled iii the next four steps 
will not be soldered. When connecting these 
wires . . make tood me chanica~ oonnections to hbld 
the wires in place until the lugs to which they 
a.re connected are soldered later. 

( ) Connect o·ne end bf a ~-1/2" wire to lug 3 
of terminal strip F (NS), Route this Wire as 
shown .and leave the other end free. 

PICTORIAL 2 

( ) Connect one end of a 7 -l / 2' ' . wire to lug 2 
of terminal strip E (NS).. Route this wire as 
shown an.d. leav~ the Gther end :free. 

( ) Connec.t m1e end of a "7-1/ 2"wire t.olug4. 
of terminal stri}J B (NS). Route this wire as 
shown and leave the other end free. 

( ) Connect one end of an 811 wire to lug 3 of 
tern1inal strip B (NS).. Route this wire as 
shown and. leave the crther· end f'ree. 
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COMPONENT INSTALLATION 

Refer to Pictorial 3 for the foll0wing .steps. 

( ) RIO. Connect a 22 megohm (red- red- blue) 
i'esistor between lugs 3 (NS) aad 5 (NS) of 
terminal strip D, 

( ) R38. Cmu1ect a 10 Kfl (brown-black-orange) 
r-esistor· from lug ? of term ina 1 strip D 

~ 

(S- 2) t o lug 1 of control J (S-1 ). 

( ) R9. Connect a 22 1negohm (red-red.-blue) 
resistor from lug 5 of terminal strip D 
(S-2) tq lug 4 of tern1ina1 strip E· (NS) t 

( ) R8. Connect a 22 megohn1 (red-red-blue) 
r esistor betwe.en lugs 2 (NS) and 4 (S- 2) 
·of terminal strip E$ 

( ) Rll . Connect a 22 me,gohn1 (red-red-blue) 
re:sistor from lug 3 of terminal strip D 
(S-2) to lug 2 of control J (S-1). 

( ). R36. Pass one lead of a 100 ~ (br.own-blacl\:­
brown) r esistor through Jug 3 of terminal 
strip E· (NS) to lug 5 of tube socket Vl 
(S-2). ·Connect the. other lead of tl1is r e­
sistor to lug 3 of control J (NS) .. 

,( ) R7. Col)ll.ect a 22 megohrn (red-red-blue) 
r esistor from lug 2 of terminal ~trip E 
(S-3) to lug 7 of tube socltet Vl (NS). 
Use sleeving on the lead to V1. 

( ) R6. Connect a 22 megphm (red- red-blue) 
resistor from lug 3 of terminal strip E 
(NS) to lug 7 of tube socket Vl (NS) . 

( ) C3. Refel~ring to Detail 3A,. connect tl1e 
lead frt>.m the marked e t1d of a • 0'5 J,:Lfd 
tubular capac1tor to htg 3 of terminal 
strip E (S- 4). Com1ect the other lead to lug 7 
of tube socket Vl (S-3.) . 

NOT E MARKIN& ON TU BULAR CAPACITOR 
EITHER SHOU L mER OR BAND 

I . . f'== 
-----,~ D/ r _ c; 

MAR~~ED ·END MU$T J;! E PLA(.;.~ 
AS SHQWN ~N THE P!Cl!ORIAL 

Detai I 3A 

DetaiJ 38 

( ) Referring to Detail 3B, prepare a resistor­
capacitor combinatto·n as Shown, using a 
10 megohm (brown-black-blue) resistor 
and a • 005 J.Lfd disc ceramtc capacitor. 

( ) R16, C5. Connect this. combination f r om lug 
2 of teTn1inai .strip B (NS) to lug 7 .of tube. 
socket V2 (S-1). 

( ) 

( ) 

R5., Connect a 150 KQ. (hrown .... green .. yellow) 
resistor between lugs 1 (NS) and -4 (8 ... 2) 
o.f term1nal strip B. This r ·esistor must be 
placed clirectly above the terminal .strip. 

R12. Connecta3.3 megohm (orange-orange­
green ) -resistor from lug 2 of tl,lbe socket V2 
(Ns) to lug 1 of terminal strip F (NS). 

( ) C4. Connect a .005 Mfd disc cerarn.ic ca­
pacitor fronJ lug 2 of tube socket V2 (S- 2) 
to lug 2. of tern1ina1 strip F (8.-1). 

( ) C6. Connect the negative (. .... ) lead of the 
20 I.Lfq elec!trolytic c.apacito:r to lug 3 of 
terrob1al strip F (S-BL Connec-t the posi­
tive (t-) l ead to lug 1 of terminal ~trip H 
(NS) . 

( ) Dl. Connect the catbode (~) lead of the 
silicon <;li.ode. to lllg 1 of terminal strip 
H (S-4). Connect Ute other 1€ad to lug 4 
of terminal strip F (S-2). See Detail 3C. 

NOTE PLACE SILIGON DIODES WITH rH!f: C.ATHODE EN 0 
·AS. DIRECTED. T HE CATI;O OE f;ND MA'I Bf IDf.NTIF·IED BY 

A COLOR DOT COt.OR END, 0~ C.OLOB- BAND 

=:.i..K ' 1*1==· K~) ~l=== 
Detait Jc-------

~ ) Separate the three wires of the line cord 
fo~ .. a distance of 1-1/ 2" fron1 the endof the 
cord. Ma~e su.re that l/4" of insulati.a.n 
is removed from the end Qf each wire. 

( ) Twist each exposed lead end of t.he line 
cord tightly and apply a sn1all aD1QliDt of 
solder to bold the fine wire strands together. 
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PICTORIAL 3 

NOTE: Observe· t~at the two. edges -of the flat 
line cord are different. One edge is smooth but 
the other edge is r ibbed for identification. 

~ ) Insert the line cord through hcl e A in the 
chassis., Connect the ribbed l.ead t0 lug 1 
(S-4), (S-3 fur 240 volt wiring), the green 
lead to lug_ 2 (S-2), and tl1e smooth lead to 
lug 3 (S-2) of termiha1 atri}J B., 

NOTE: Do not plug the line cord into an AC 
power outlet untU ~pecifically instructed to do so. 

( ) Install the propeT strain relief in hole A. 
Detail 3D shows the strain relief (#75--71) 
for the flat lins cord supplied with the kit. 
If a round line cord is used. install the 
other strain relief. 

( ) Lay· tbe chassis aside until called for later. 

...._ ______ Detail 30 ______ _. 
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FRONT PANEL PARTS MOUNTING 

Refer to Pictorial 4 for the following steps. 

NOTE~ Place a soft cloth 
on y,ou.r work area to 
prev·ent- marring the 
front panel and the 
meter. 

( ) Install the ne_on 
lamp lens at s~ us­
ing the pu~h-on 
speednut. See De­
tail 4 A. 

Pl.JSH - ON 
SPEEONU T 

NEON M --------LAMp M-- LC" S 

Ill 111 '""') 
F~ONT 
PANEL 

Detail 4A 

( ) R13. Referring to Detail 4B, n].ount a 10 Kn 
control (#-10-142) at R. Use a control 
loekwas~er, cou:trol flat washer , and a 
control nut. 

CONTROL NUT 

CONTROL 
:HAT WASHER · 

7 

CONTROL 
LOCKWASI>l£R 

Detail 4B 

# 10-142 

( ) R3·3. Similarly. tnount t11e other· 10 KQ 
control a~ T. 

( ) Referring to Detail 4C, mount the phone jack 
at U, using a controllockwasher. control flat 
washer~ and a control ~ut. Position the jack 
as shown, 

CONTROL NUT 

. -@-@j-l;: 
CONTROL ~ 
FLAT WASHER . 0--- ' 

_) . CONTROL 
LOC1-<.WASH£R 

Detail 4C 

PHONE' 
JACK 

( ) Referring to Detail 4D, mount the re­
m.a.mmg 4-lug_ terminal strip at Q~ 

( ) 

using the black 6-32 
x 1/4" screw, #6 
lockwashers~ and a 
6-32 Utlt. 

Referring to Detail 
4E, install a thread­
ed space·r at V, us­
ing a 10-32 x 5/8" 
sc~ew and a#lOflat 
washer •. Oetaii 40 

\ 

0 

0 

0 
• 

0 0 

PICTORIAL 4 

( ) Similarly, inst~ll the r€maining thr~aded 
spacer ~at W. 

( ) Lay the-front panel aside until called for 
later. 

. .... 

- ~e· 10-32 THRE"'DEo ~ 
S~ACER . ,, :.: ' _ . . ~.J 

~ a 10 fLAT IO- ~2. X S/S" 
. WASHER SCREW 

Detail 4E 
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PICTORIAL SA 

• 

RANGE SWITCI-I SUBASSEMBLY 

R·efer to Pictorial 5A- for -tl)e· to1lowing steps. 

( ) Locate the Range switch (#63-QQO). Turn the 
shaft completely counterclockwise. then 
place the switch on Y9W work area With the 
flat portion of the shaft facing down. 

NOTE: The Range and Function $W".ttches have 
three wafers, each with sev~~allugs. The first 
wafer (nearest the knob end Of the shaft) is 
called wafer A., the middle wafer is B, and the 
rear wafer is c. The lugs oh eaci?.- wafer of the 
Range switch are numbered as shown ~ Pic­
tt.1rial 5A. For instance,. 1~ B4 refers to lug 4 
Qn wafer B .. 

CAUTION: Be sure that the r-esistors do not 
:oueh the switch frame or shaft. 

{ ) R20. Connect one lead of a 216.2 Kn re­
sistor to lug C2 (NS). Pass~ the other lead 
through lug Bl (NS) and connect to lug Al 
(S-1 ). 

( ) Connect a bare wire from lug C2 (NS) 
through tug B2 .(S-2) to lug A2 (S-1). 

( ) Rl8. Connect a 2.162 megohm resiStor from: 
lug C4 (NS) through lug B3 (NS} to lug A3 
(S-1). 

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

( ) R17. Cmmeet a 6.838 megohm resistor 
from lug C4 (S-3) through lug B5 (S-2) 
to lug A5 (NS). 

Complete th$ li:ange switch subassembly as 
follows. Makt;!_ $ur-e you use tile prectslon 
resistor$ in tbe following steps., 

Connect From To 

( ) R21. 68.38 Iffi Bl (S-3) C12 (NS) 

( ) Rl9. 683~8 KU B3 (S-3) C2 (S-3) 

( ) R24. 9 megohtn B6 (NS) C5 (S-1) 

( ) Bare wire B6 (NS) C6 (S-1) 

( ) R25~ 900 Kn B6 (S-3) C7 (NS) 
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RANGE. SWITCH 
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PICTORIAL 58 

Refer to Pictorial ·5B tor the following steps·. 

Connect From To 

( ). R~. 800. Kg A7 (NS) All (NS)* 

( ) 1-3/4" hookup A'7 (NS) AlO (S-1) 
wire 

( ) R2. 150 !ill A9 (NS) B7 (NS) 

( ) R3. 400 KQ A9 (S-2) A7 (S-3) 

( ) R23. 10 Kn B7 (NS) Bll (NS) 

( ) R26. 90 Kn B8 (NS) C7 (S-2) 

( ) Bare wire B8 (NS) C8 (S-1) 

( ) R27. 9 Krt B8 (S-3) C9 (NS) 

( > R2s. 900 n BlO (NS) C9 (S-2) 

( ) l3are wire BlO (;NS) C1 0 (S-1) 

( ) R29. 90 n BlO (S-3) Cll (NS) 

*Positi.on away from rotor and shaf~. 

Connect From To 

( ) Bare wire B12 (S-1) Cl2 (NS) 

( ) R22.- 21.62 Kn Bll (S-2) C12 (S-3) 

( ) R30. 9.1 n C11 (S-2) Cl (NS) 
(white-brown-gold) 

NOTE; All lugs should now be ·soldered except 
A5, A6~ A8, All, B7, B9, Ci > and C3 

SWITCHt KNOB AND METER INSTALLATlON 

Refer to Pictorial 6 (fold-out from Page 10) 
for the following steps. 

( ) Referring to D~tail 6A~ mount the Function 
switch (#63-501) at P. Use a central lock ... 
washer, control ·natw~sher-. and a control 
uut. Position the lugs as shown in Pic­
:torial 6. 

Detail 6A 
l 

( ) Mount the Range switch at N, using a con­
trol lockwasher~ control nat washe-r: and a 
control nut. Position the flat of the shaft so 
that it is away from. the 1.5 V posltion, with 
the switch sliaft turned fully countercloek­
wise-. 

NOTE: The knobs supplied with this kit use knob 
bushings that provide permanent positive grip­
ping-without the use of setscrews. In the following 
steps you will install a knob on ea.c.h. of. the two 
switch shafts as shown in Detail 6B .. Perform 
these steps carefu)ly since; it is very difficult to 
remove a kt1ob bushing from a lmob onee it is 
fully inserted_. 

Each knob will be J:llade to aligTI with particular 
.switch markings, Wheneve_r you remove a knob, 
be sure to r.eplace it on t}].e same switch shaft. 
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Detoil 68 

( ) Push ~ knob bushing part way onto each of 
the swttcll shafts. Tben turn each shaft to 
its full counterclockwise position. 

( ) Line up the white index 1nark of a knob With 
the f,ill CQlUlterclockwise ·marking on the 
panel (AC OFF) of ·tJ1e fnilction switch. Then 
press t11e knob lightly onto the lmob bushing. 

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

NOTE: Perfbrm the tiext, f11ree st~ps only if the 
pofuter does not line up at eadh switchmarking. 

1. ( ) Turn the knob pointet• to the mid­
position marking. ort the paneL. 

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

3, ( ) Press the knob siigbtly onto the lmob 
bnsbing. Then turn the knob to each 
swjtch position and recheck the pointer 
alignment. If more than slight error is 
noticed at either end position, repeat 
thes€ thr.ee steps. 
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( ) Carefully ren1ove the knob bushing agd knoo 
together. 

( ) Place the knob on a table or other hn<d sur­
face, th~n press the knob bushing firmly into 
the knob,. Use a towel or soft cloth on the 
worl' surface to avoid scratchiltg the knob, 

( ) Pt>es ~ tbe lmob and bushing firtnly onto the 
swi t c h s naft. 

( ) Repeat the above Knob Installation steps to 
install the knob OJ.?. the remaining switch 
shaft. 

( ) Unpack the meter and remove the shorting 
wire from between the meter lug.s_. If the 
l~gs are not positioned as shown in Detail .6C. 
carefully loosen tbe nuts that hold the lugs 
onto the meter while holding the lower nuts. 
Turn the lugs to the position shown and re­
tighten the nuts. 

( ) Referring to Detail 6C, mount the meter and 
chassis to the front panel using th~ hard­
ware sup_p.lied with the n1eter ~ 

Detail 6C 

/l 
/ 
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FINAL WIRING 

Connect t.he free end~ of the wires coming-from 
the chassis iD th~ following steps. Refer to Pic to ... 
rial 6 (fold-out from Pag_e- 10). 

( ) Connect the wire coming from lug 3 of 
terminal strip F to lug 1 of terminal strip 
Q (NS)~ 

( ) Connect the wire-coming from lug 1 of tube 
socket Vl to lug 4 of termJ.nal strip Q (NS). 

( ) C01meet the wi.re co1ning from lug 4 o:C 
tern1il1.al sttlp B to lug 2 of ter1ninal strip 
Q (NS}. 

( ) Connect the wire coming from lug 1 of 
termj.nal strip E to lug 3 of ter-minal strip 
Q (NS).. . 

Leave the wires coming from lug 3. of terminaJ 
strip B, lug 2 of terminal strip E, and lug 
8 of tube soc.kBt V2 free, They Will be con­
nected later. 

( ) Prepare the following lengths ofhookl.Ipwire. 

4-1/ 211 

5.' t 
5 r 1 

6--1/ 2" 

511 
7·-1/2" 
3" 

( ) Connect a. 4-1/ 2 11 wire from lug 1 of control 
T (NS) to lug Z of control R (S-1)_. 

( ) Connect a 51
' wire fron1 lug 4 of terminal 

str1p D (.8 ... 1) to lug 1 of phone jack U 
(NS). 

_( ) Insert the r~eon lamp (-#412-36) into the neon 
lamp lens at s. 

( ) Connect one lea..d of neon lamp S to lug 2 
(S-2) and the other lead to lug 3 (NS) of 
termina1 strip Q. 

( ) Connect a 5" wire- frortt lug A1 of switch 
P (S_:l) to lug A6 of switch N (S- 1). 

( ) Connect a 6-1/~'' wire frotn lug A2 of 
switch P (S-1) to lug C3 of switch N (S- 1). 

( ) Cl. Com1ec.t the lead .from the marked end 
of the .047 1-Lfd 1600 V capacitor to lug A4 
Qf switch P (S-lL Connect the other lead 
to lug All of switch N (S-2). Use sleeving 
on both leads. 

( ), Conneet a b~re wire tron.1 lug A6 of switch 
P (S-1) to lug A5 of switch N (S-2). Use 
sleeving. 

( ) Connect a 5n wire fr9m lug 2 or control K 
(S-1') to lttg Bl of switch P (S- 1).. 

( ) Connect one end of a 7-1}2" wire to lug 
B2 of switch P (S-1). Insert the oth~r end 
of tl1is wire t~r.o.Qgh the slot in :the chassis 
and connect it to lug 1 of the meter (8 ... 1). 
S.ee Detail 7 A • 

( ) Connect a 3 11 wire from lug 2 of control L 
(S-1) to lug B4 of switch P (S-1) .• 

Refer to Pictorial 7 (fold-out from ~age 10). for 
the following steps. 

( ) Prepare· the following lengths of .hookup wire.. 

6" 2" 7 --l/2'' 
B" 3-1/211 5" 
6" 2.-1/2" 4" 
6-1/ 2tt '7-1/2tt 

( ) Connect a 6"' wi.r€ from lug AS of $Witch 
.P (S-1) Eo lug B9 of switcb N (S-1). 

( ) Connect one end of an 8'' wire to lug B5 of 
switch p . (8~1). Insert the other ·end through 
the slot in tbe chassis and connect it to 
l:ug 2 of the meter ~S-1 ). See De.ta11 7A'!' 

BA-TTER¥ 
CASE 

'"' 
l l 

I I 

H 
t I 

' 

/ 

Deta·il 7A 



( ) C2. Connect the lead from the marked end 
of the • 05 Mfd tubular capacitor to lug AS of 
switch N (S-1). Connect the other lead to lug 
4 of terminal strip Q (S-2)~ 

( ) Connect the free end of the wire coming 
from lug 3 of term.inal strip B to lqg C 1 of 
switch P (S- 1). 

( ) Connect the. free end of the wire coming 
frm;n lug 2 of terminal strip E to l~g A 7 
of switch P (S-l)~ 

( ) CobJl ect a 6n Wi1"e .frotn lug 3 of control R 
{S-1) to lug· B6 of switch P (S-1). 

( ) Conned a 2~' wue betweenlug8 ·A-3 (S-1) ami A5 (NS) 
ol swilch P. Use sfeevi.rfg. 

( ) Connect one end oi a 3-1/ 2 11 wire to lug 2 
of phone jack U (S-1). Slide sleev'ing over 
this wire. Connect the other end of this 
wire to lug A5 of switch P (S-2). 

( ) Connect a 2-1/2" "Wire fr·oln lt,ig 3 oftern1i..: 
nal st:tip Q {s ... 3} to lug C2 of switch P (8- llo 

( }. Connect a 7 -1/21! ·Wire frptn lug 3 of 
control T (NS) to ltig 87 Of' switch P (NS). 

( ) Connect the free end of the wire coming from 
lug 8 of tube socket ·v2 t0 lug B7 of switch 
P (S-2). 

( ) Connect a 7-1/ 2" Wire from lug 1 of ternli­
nal strip F (S-2) to lugA9 of switch P (S-1). 

( ) Connect one endofa6-1/2"wiretolug C1 of 
switch N (S-2). Insert the oth~r end through 
the hole near tern1illiil' ~·li'lP F and ~onnec.t 
it to the solder lUg on. the battery bracket 
(S- 1). 

( ) Connect a 5" wire from lug 1 of phone jack 
U (S-2) to lug B7 of swit<;h N (S-3). 

( ) Connect a 4" wire from lug· l of control T 
(NS) to lug 3 of control K (S-2). 

( ) R35. Connect a 27 Kn (red-violet-orange) 
resistor from lug 3 of control J (S- 2) to 
lug 1 of terminal strip Q (NS). 
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( ) R31. Ccn1uect a 180 KQ (brown-gray-yellow) 
resistor from lug 1 of control T (S-3) to 
lug 1 of hn"'m1nal strip Q (NS). 

( ) R32 ... Connect a 150 KQ (brown-green-yel­
low) re-sistor from lug 2 of control T 
(S-1) to lug 1 of tern1inal strip Q (NSt 

IMPORTANT WARNING : TUBES CAN BE 
DAMAGill.D WHFi:N INSTALLING THEM IN 
THEIR SOGKETS. THEREFORE. USE EX­
TREME CARR. WHEN INSTALLING TUBES 
AS WE DO NOT GUARANTEE OR REPLACE 
TUBES BaOKEN DURING HANDLING OR 
INSTALLATION. 

( ) R34. Connect a150 KQ (brown-gre€n-yellow). 
1/2 watt resistor from lug 3 of control T 
(S-2) to lug 1 of terminal strip Q (S-5). 

( ) Instal 1 the tubes in their appropriate sock­
et (Vl~ 8AL51 V2~ 12AU7). 

PRELtMINARY TEST 

Ca1~efully inspect the instrument and check tbg, 
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· fhat 
may have accumulated during the assembly of 
the instrument~ 

NOTE: The switch lug between lugs B2 and B4 
of switch P 1.s not used. 

Plug the VTVM line cord .into the appropriate 
AC power source. Turn the Function knob to tli~ 
DC+ or DC- position and the Range switcll to 
the 1. 5 V position. The tubes .and pilot lamp 
should light after a 'few seconds of warmup 
time. When ·the VTVM i:s first turned ·on, ~e: 
meter pointer will no!'tnally deflect to fUll sc~~ 
and the~ :return· t0, or near, the zero :pos-itiah, 
This is caus·ed by the 12AU7 tube stabilizing 
during warmup. There should be some degree 
of ZERO AD.J control action which will per-mit 
the metel' pointer to deflect ovet a limited 
range of the dial .. During the preliminary test 
warmup> check th€ instrument assembly very 
carefully -tor any indication of overheating_ I! 
the VTVM does_ not function in the prescribed 
manner e.r if overheating occurs, turn llie unit 
off and refer to the In Case Of Difficult-y 
section of the manual. 
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Asswn~g that the instrument will respond in the 
111anner indicated1 it wiU be safe to leav:e it 
turned on to thoroughly warm up while the 
balance of the_ kit project is completed; this will 
consist of test probe· prep.araUon. 

PREPARATrON OF TEST PROBE AND LEADS 

Refer to Pictorial 8 for the following steps. 

NOTE: Read the remaining assembly steps u:p to 
''Test And Calibratton" and familiarize your:self 
with the co1npleted assembly and parts b~fore 
proceediQg. 

( ) Locate the probe insert insulator. If neces­
sary, remove any nnash" or sharp edge on 
the insert insulator· with a file or penknife. 

( ) Rl. Locate the two small rivets, the pro.be 
ins_ert insulator 1 and the 1 111 egbhm (brown­
black- green) resistor shown in Detail 8A. 
Insert the rivets into th€ holes in the in­
sulator sa that the head of each rivet rests 
on the sm·all shoulder a~ound the hole in the 
insulator. Now turn the insulator over and 
lay it flat on the wor kben.ch .. 

( ) Cut one resistor lead to 3/Sn. Bend the other 
le~d over .and cut it flush with the first lead 
as st10wn in Detail SA. Squeeze the leads 
tog~ther so that they line up with the rivet 
holes. 

( ) Insert the resistor leads into 
the: rivets and lightly crtinp the 
rivets .wHh long-nose pliers ot 
diagonal cutters to hold the r e­
siStor. 

NOTE: Before proceeding-fur .. 
ther 4 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. 

C E'N TtR S'ECT •ON 
O F ~'~ROBE S.ODY . 

"REMQV€ 
FLASH 

St10ULQER K~EP SOI-..DER. 
AWAY FROM EDGE 

Detall SA 

ALUGA roR CLIP' 
WITH THREADEb INSERT 

~ = WA S.HHI 

· (!J P R OBF 
f"RONI SECTJO~ 5WITC I1 t.EVER 
OF FAOBE 600v 

PROBEc Tlfi' 
" _OAOINC SPI{IN C 

RROBE T I 'P 

PIWS ~ INS.Etq 
IN$t,J lA1'0~ ~{}· lf16"xl / ll'' RIVE'[ 

PICTORIAL 8 

~.,. ~ t~,Fl SECT ION ~.C,I OF PROB.E BODY 

/ )sHIELOEO ( ) 
/ lEST CA8t.E 

Solder the resistor leads to the rivets. Make 
sure the resisto.r is square with the· iJ1Sert 
insulator and that the spider flows down the 
rivet to bold the rivet tight against the 
shoulder, NoTE·: Keep solder awayfrom the 
edge of. the in:sert insulator to pTovide 
cleru.·ance :for the internal shoulder ot the 
probe center section. 



( ) Refer to Detail 8B and prepare the shielded 
cable as sb9wn, 

.NOTF: In the following stef)s, take special care 
to .avoid n1elting 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 neat away 
f:rom the plastic. insulation. 

( ) Wra;p the (:lnd without the shield around tile 
ctl!'ved Iea.d .of the re§istor and solder as 
shown in Detail 8C. U$e only eno11gh heat 
to cause a good sold~r connect~on. being 
careful not to melt the inner i.ITh--ulation of 
the Shielded cable. 
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CUT TME CABLE ACCORDtNG TO THE: DIMENSIONS Ef£LOW. 
PREPARE EACH END AS SHOWN • 

TAKING CARE NOT TO CUT THE. OUTER SHIELD Of VERY 

... "TFIIN WIRES, REMOV~ THE OUTER INSULAiiON. 

F LA.T SiD"£ OF SHAFT 
AL10l>j~ 'W\Trl TAB~ '01\f , 
FRONT SE'.CTIOH AND 
SW'ITCH LEVER. 

CABLE PREiPf'RA 

TAB • 

Oeta.il ec 
PROBE 
Sf' K t:C 

~~~~~-'-- p._- --

SWITCH ~C\ 
L EVE.R ~/ 

( ) Refer to Detail 8D for the assetnQly of the 
front section of the prol;Je. Check the probe 
spike· for burrs and, if necessary~ r amove 
any burrs before as~ehlbly. Assetnb1e the 
probe spik~, the sprlng, the front section 
of the probe, body, and the switch. lever as 
shown. Push the switGh lever flosh against 
the front section o£ the probe body so that the 
small retaining ring notch in the 5pike is 
exposed. While hOlding the spike in firmly 
against the spring pressure with one !land, 
use a screwdriver or penknife to insert 
the retaining E washer 'into th.e notch in 
the spike as- shown in Detail BE. vyhen this 
E washer is securely in place~ the spike 
will be locked to the · front section of the 
probe body. 

REi 4 HIING 
FIMG ~CT Ck 

Detail 80 

Detai.l 8E 



Detail SF 

Refer to Detail SF for firi.al assembly of the 
test probe. 

( ) Pull the switch lever forward ~gainst the 
spring tension and temporarily- insert a 
scrap piece of hookUp wire between the 
sWitc:b lever and the front seetion of the 
pr.obe> body. 

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

( ) Gently pulling the shielded Gable fTorn tbe 
back of the center section., align the insert 
insul~tor Hush· with the front of the center 
section. Do no.t pull tbe in~tert insulator 
au the way into its final shoUlder seat. 

( .) Insert. the tab on tile front s ec·u on of the 
probe body into the notch in the ins~rt insu­
lator. Holding the front sec~on station.acy~ 
screw the center section onto· the front sec­
tion, thus pushing the insert insulator down 
to its final seat. It is imperative that the 
final probe a~sen1bly be carried out in this 
manner; otherwipe. proper connection be­
tween th!:' rivet heads and the front section 
of the. probe will not be made .. 

( ) Remove the s<;rap hookup wire. 

NOTE: If the gap h~tween the front and m iddle 
sections is not coiiSiderab1y less than 1/ 1611 the 
tab is not prop-erly seated in . the notch and me 
.above steps must be r ·elJeated. Also, when 
properly ass em bled, the switch lever will notice­
ably ' 'detect," or drop .into place at both ex­
treme switch pdsitimt~. 

( ) Screw the alligator clip with threaded insert 
all the way onto the threaded probe spike. 

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

'l'bis co1npletes the assembly of the test probe. 
The phone plug and common t est le.ad will now 
be assembled. 

( ) Strip 1/ 2' '' of insulation frotn both ends of 
trre black test lead ·cable. 

( ) Unscrew the cap from the pnone plug., 

( ) Insert the test lead cable and th~ free end 
o.f the shielded c}tble through the phone p"Iug 
cap. 

( ) Now twist fh~ shield wires ·of the shielded 
c.able and the wires at the eud ·of 111e black 
cabl e firmly together an(! tin the combined. 

' ' w1res as shown in Detail 8G. Also tin the 
inner conducting wire of the shielded cable. 
Tak.e care not to melt the lnr1er 'insulation. 

In the following steps, you will connect the pre­
pared 04bles to the phone· plug as shown in 
Detail BG. 'l'o avoid overheatin~ the· cable insu­
lation, first apply a film o! solder to the phone 
p1tJg terminals aud heat thot•oughly, then hold 
the tinn·ed wires to the phone plug. and apply just 
enough ~1.~at to melt tbe so10er. 

{ } Referring to Detail 8G, s.older the two 
twisted. wires to the. pbone p1ug. Be careful 
.nat to melt m· burn the inner plastic insu­
lation of the shielded cable. Thep solder the 
i1111er c.ondueting wire of the shielded cable 
as shown~ being- sure the· phone JJlug body 
will still fit over tb13 wire.s • .Be sure to use 
only enough heat to melt the s.older and make 
a good connection. 

1-_ __.._1"'~ J 

SOL..Dit. R 

DetaiJ 8G 



( ) Aftt;!r the wires have completely cooled 
down. u~e pliers to bend the tabs on the 
phone plu_g ever lightly to seeur·e the 'black 
cable. Screw the two :parts of the phone 
plug together. 
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'This completes the phone plug assembly. 

( ) Tin the strand~· of the free end of the black 
test H~ad and solder it to the alligator clip 
as shown. 

TEST AND CALlBRATION 

During the prep3.;rat.ion of the test leads. -the 
VTVM has had an opportunity to warm up 
tborough}y and ahould. now be calibrated. If you 
wired your VTVM foX' 240 VAC . read thatfig:ure 
instead of 120 VAC in the following instructions. 

Turn th:e instrum·ent off and :make sure that tlfe 
mechanical zerG position Ot the meter pointer ls 
correct. If not, adjust as follows: 

( ) Turn the· plastic ser·ew on the 1neter fac.e 
with a screwdriver while gently tapping the· 
m1~ter face with one finger until the pointer 
coincides with the zere line on the left 
side of 'the $.cale. Turn the instrumieT~l 0n 

again. 

ZERO ADJUST 

( ) Set the Function switch to DC+. 

( ) Cheek opetation of the· ZERO ADJ control. 
Turning this control should move the meter 
pointer part way up scale. Set thepointerto 
zero at · the left side of the scal:e and check 
for ·zero positioning wbeu the FunctiOn 
switch is changed to DC-. It should be pos­
sible to obtain .a ZERO ADJ control position 
that will permtt the meter pointe!" to remain 
stational."'Y when switching from DC+- to DC-. 
If there is an appreciable zero shift of more 
than two divisions on the scale~ it should 
be !'~garde~i merely a-s an indication that 
additional aging of the 12AU7 tube is requir­
ed. This aging can be obtained by leaving 
the instrument turned on for a period of 48 
hour~ or more, or tlrrough continued use of 
th~ VTVM With periodic calibration. 

DC CALIBRATE 

( ) Insert the test lead phone plug. 

( ) Set the- Function switch to DGt-, the Range­
switch to 1. 5 V , and the probe to DC. 

( ). Connect the probe and cqmmon test leads to 
the flashlight b::Ut-ery and adjust the DC' Cali­
brate control so that the meter pointer falls 
directly over tl:ie very small red dot Oil the 
meter face. AJJproach th·e red dot going up 
scale by turning the screwdriver control 
and watch the meter reaq 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 

( ) Tw'n off the V'TVM. 

( ) Install the battery- by sta-rting the top ( r) end 
into the battery cup and then pulling the 
spring out and ·.over the· bottom (-) end. Now 
push the spring and .tb~ battery in so the 
spring) battery, a11d battery cup are all in 
line. 

( ) Turn on the VTVM and set th_e Function 
switch to OHMS and the Rang'e switch to 
RXll\. Set the OHMS ADJ control for full 
scale 'infinity)_. 

( ) Set thE! probe switch to AC-Ol:tMS (the 
posit~on opposite the DC marking) and touch 
the p-robe to the common test clip. The meter 
poi;nter $hou1d drop to zero at the left end­
of the seale (no resistance). 
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ACCALIB.RATE 

NOTE! Your AC power line outlets may oe 
eitper the 2-wire or 3-wire types. Determine 
which type you have and complete the appropriate 
AC. Calibration instructions. Use the· .AC Cali­
brate With Line Cord Adapter for the 2-wire 
outlets and AC Calibrate Without Line Cord 
Adapter for the 3-wire .outlets. 

AC Calibrate With Line Cord Adapter 

( ) Install tb~ Une co·rd adapter on 'the line 
cord. 

~ ) Temporarily r~move the phone plug from 
the jack, 

( } Set the R.a.l1ge switch to 1. 5 V and. the 
Functibn switch ~o AC. 

( ) Adjust the AC Balance control so no move­
ment is detected when switching from AC 
througb DC- to DC+. 

( ) Set the Range switch to the 150 V :range if 
you wired your VTVM for 120 V AC op.el·a­
tion, dr to the 500 V range if you wired the 
VTVM for 240 VAC ·ope-ration, 

( } Set the Function switch to AC, 

( ) Set the AC Calibrate control fully c~oc.k;-:­
wise, 

( ) Reinsert the phone. plug. 

( ) Set the ~wit<th .on the test probe 'to AC. 

( ) Cotinect the test probe to one side of 
the AC lin~ and then the other side, Note 
the lowest reading and remove tl)e probe 
from the AC line. 

( ) Now connect the negativ~ meter lead to. the 
side of the AC line with the lowest reading._ 
Then connect the test probe to the t>tber 
side of the li~e. 

( ) Adjust the AC Calibrate control until the 
meter pointer indicates the line voltag~. 

( ) Disconnect the test lead and probe, 

AC Calibrate Without Li.ne COt"d 
Adapter 

WARNING; When your power ll.ne outlet is the 3-
w.ire, polarized type, DO NOT use the common 
(negative) lead of this VTVM to measure _power 
line volta.ge~. To do so may short circuit the 
power line thro·ugh the common lead, the chassis. 
and the green line c:ord wire. 

( ) Temporarily removethephoneplugfrom t:be 
jack .. 

( ) Set the Range SWitch to 1. 5 V and the Func­
tion switch to· AC. 

( ) Adjust the AC Balance control so no move­
ment is detected wheTL switching from AC 
through DC- to DC+. 

( ) S.et the Range swi~ch to. the 150 V range if 
you wired yout VTVM for 120 VAC o-pera­
tion1 or to ·the 500 V range if you wired the 
VTVM for 240 V AC operation. 

( ) Set the Function switch to AC. 

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

( ) Reinsert the phone plug, 

( ) Conilect the test probe td the side of the 
AC line with the highest readipg. 

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

AGING AND FINAL CALJBRATfON 

It is ·l.'ecommended that you age the tubes befote 
final calibration by keep,.ng the instrument turned 
on for a period of at 1e3:st 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 cbec~ the accuracy of the 
VTVM. Preferably, use a volta,ge 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 ma,jor ad­
vantages of kit form instrun1ent assembly is 
that tbe kit builder become.s thoroughlyfamiliar 
with the calibration procedure and is therefore 
capable of periodically ch-ecking VTVM oper­
ating acouracy ~ instead of assuming t11at UBual 
factory instrument calibration is still valid, 
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FINAL ASSEMBLY AND M.OUNTING 

( ) Mter Jirial calibl'atio.n·, .Plac.e'the instrtnnent 
lh. the c~binet i+nd. ·s,eaP.re it with twelve #6 .:({ 
3/8" $he.~J .:rrietaJ $Cre.ws. See PictoT~al g·. 

PICTORIAL 9 

( J ln.stalllhe. f.mtr pl~~tln fe~t inside the gi.mQa.l 
brac~et as .shown in .De·tail 9)\. •. Pee.! away 
the protective: pap.er fr.c:>.tn tb:e ~Qhesive· a;nd. 
pr~ss each :fo0t into position. Be sure you 
position each foot. pt-0p:erly befor~ p,ermit~ 
ting the· .a4hesi ve to contac_t the. rrte.t.~t 

'. 

,, 
#f'/.X3/4 
.weoo 
SCR~W' 

#fOFLAT 
. WASHER 

Detail 9A 

-- - -

DetfJJl 9A sho\vs. tfi~ mounttng 01· th~ girrrt>al 
J)rac,k~t, an_d Detail 9B shows .th:re~ po~~iplfP 
in.ountiJlg· poSD.tions fo-:r ijle VTVM·~ D~cide whi,C,h 
mounting. position i~ b.est for you~ tqen n1otrilt tpe 
VTVM acco~dit1gly ~ 

Detail ·ga 

-
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If you do not wish to secure the gimbal bracket 
in a statio11at'y position, the plastic feet can be 
applied to the bottom of the gimbal as shown in 
Detail 9C.. Th.e. VTVM can then be set on yow' 
test bench and be moved whenever desire<t 

Pi.ASTIC FOOl ~ 
- . 

Detail 9C 

NOTE~ The blue and white identification label 
sh.0ws the Model Number and ProduGtion Series 
Nutn b~r of your kit. Refer to these numbers in 
any communications with the Heath Gompany: 
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 uot show when the unit i~ in oper .... 
ation. This location might be on t11e rear 
panel or the ·top of the chasSis, or on the 
rear or bottom of the .eabine:to 

2. Carefully peel away the backihg par>er , 
Then press the label into position. 

USING YOUR VTVM 
The power c.onsumption of the VTVM is very 
low and there is no objection to leaving the in~ 
strutnent on continutously during the daily worl< 
pe:ribd rather than turning it off each time a 
measur·ement function is completed. Daily oper­
ation f-or a period of several hours or more will 
also serve the purpose minl.mtzing possible 
tnoisture accumulation .. 

SA.FETY PRECAUTIONS 

CAUTION: It is good practice to observe certain 
basic rules Of operating procedure anytime 
voltage measuretnents are to be made. Alway~ 
handle the test probe by the insulated houSing 
onl¥ and do not touch the enposed tip portion. 

The metal case of this· instrwnent is coilnected 
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 tQ 
the ground of the equip-ment under test. There is 
always danger inherent in testing electrical 
eq_uipment and therefore the user should. clearly 
!an1iliarlze hi.n1self with the equipment under 
test before working on it1 b~ing in mind. that 
high voltages may appear at unexpected points 
in (\efective equ~pment .. 

When measurements are to be made at high 
voltage po.ints, it 1S good practice to ~emove 
operating power before connecting test leads~ 

If this is n.ot po~sible. be particularly careful 
to avoid accidental contact with nearby objects 
which could p.ro:v:ide a ground return path. When 
working on high voltage circuits7 play safe. 
Keep one hand in your -pocket to minimize 
accidental shock hazard and be sure to st~d 
on a properly insula~ed 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· $hould be set to be when the 
Function switch is on DCt .ar DC-. The probe 
can be clipped onto any lead in the circuit, ~s 
shown in Figttre 1, givmg the operator another 
free hand. 

Figu~e 1 
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PICTORJAL 10 

READING· THE METER 

The voltage markings on the Range :switch refer 
to the full . scale reading, For DC tneasurements 
the seale 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 range_s. For 1. 5 volts DC read the 
15 V scale and movethe decimal one place. to the 
left. For exa t;nple~ a reading of 8 would be • 8 
volt. F~or 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 range1 read the 0-50 V s.cale directly. 
On the 150 V range, read the 0-15 V scale and 
move the decilnal 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 at:ld 
move the decimal point one place to the right. 
For example, a reading of 40would be 400 volts. 
When using the 1500 V range.t use tbe 15 V scale 
and move the decimal two pla¢es to the righf. For 
example, a reading of 12 would he 1200 volts. 

When measuring up to 1. 5 volts AC, read t.he 1. 5 
V AC ONLY range directly: this scale is lettered 
ip red. On the 5V range, use the 5 V AC ONLY 
scale and read it directly. This seale· ts also 
letter~d in re.d. 

Resfsl~ce .measurements are read on the top 
scale which is lettered in green. 'rl1e marking 
RXl V j.ndic~tes that you should read the scale on 
the Range switch dir·ectly • .For RX100, adtl two 
zeros to the reading. For RX10K, add four zeros 
and on RX1IvlEG add six zeros or read the scale 
directly 'in. megohms .. 

CENTER SCALE "O" POSITION 

Your v~VM fe;:~.tures 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. 

~ a I 

(flt.oo,; joo-c:,~no -. .. .0.00••• n .,.,. ttJ•• 

'---------------
Figure ·2 

DC VOLTAGE MEASUREMENTS 

The vacuum tube voltmeter has many advantages 
over the nonelectronic voltmeter •. The largest 
advantage is its ability to measure volt.ages with­
out significantly loading the circuitry. This 
characteristic enables the voltagl3 to be measur­
ed more accul:'a.t~ly. This is ~e·sirable, e.xpecially 
in high impedance circuits such as oscillator 
grid circuits;t resistartce coupled amplifiers. 
and AVC networks. 
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To illustrate the advantages of t~ VTVM, 
assun1e that a resistarrC'e coupled audio ·amplifler 
With a 500 KQ plate load resistor iS op€rating 
from :a iOn volt plate source. See Figure 3 .. 

The plate voltage is ~0 volts~ therefore. the tube 
ac-ts as a 500 KQ, resistor. When measuring the 
plate voltage with a con.ventionaJ 1000 ohrr1s-per .... 
volt n1eter on the 100 volt scale the tneter repre­
sents a 100 Kn resistor placed i.n parallel with 
the tube. See Figure- 3A. 'The voltage on the 
plate- would then be abolJt 14 volts as shown 011 

the me>ter. This larg.e an1ouut of error is caused 
by the shunt resistan.e:e o:t: the meter. U~ing the 
VTVM on any scale, the full 11 megohms input 
resistance is placed in parallel with thetub.e. See 
Figure 3B. The voltage on the plate is then about 
49 volts Gr z<fo lower titan the normal operating 
voltage. Thus. m.ore ac.o.urate 1·eaclings can be 
obtaiiled nnly with thehighresistance provided by 
an electroni.c voltmeter. 

To n1easure +DC voltt:\:ges, c.onnect the comn1on 
(black) test lead to the-"cold'• (conrmon) side of 
the voltag:e. In transformer opf:\rated e_quiplnent, 
oontrnon is usually the chassis. 

Set. the Range switch to the range which will 
hancUe tht;: voltage to be measured. If the vo1tage 
is unknown. set the Range switch to the 1500 volt 
range. Touch the test prope- (DC positiorr) to the 
voltage point. 1f tbe meter does not read in the 
upper '2/ 3 of the meter scale, reduce thesettiug 
of the Range switch. A meter reading in the upp.el' 
portion of the meter scale is usually the most 
accurate. To 1neasure -DC volta~es place t,be 
F'unction Bwitcb to tbe DC- position ·a11d 1~epeat 
the ·abov~ steps. 

The voltage ranges provided by the VTVM were 
selected for the greatest ease in reading and for 
convenience in nJ.akjng voltage n1easurements .. 
The l.b V, 5 V, ancl the 15 V ranges will be very 
tllU1dy for bias aud .filament voltage measure­
n1.ents. The 50 V and 150 V ranges will be 11andy, 
an_d used mo$t often~ when checking; AC-DC 
type equipm.en;t. The 500 V range will be used 
1n-ost wben tneasuring B+ vo1tagesin.tra.nsfo.r1ner 
operated equipn1ent. 
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AC VOLT AGE MEASUREMENTS 

14.3V 

J 

WARNING: When your power line outlet is· the 3.­
wire, polaJ'iz-ed typ~, DO NOT use the· cmnmon 
{negative) lead of this VTVM to measure :power 
lin-e voltages. To do so tnay short circuit the 
powei' line throug.h the common lead. the chassis, 
antl the green liue· cord Wire. 

Power Line Measurements 

1. Set the Function switch to AC] the range 
switch to 150 V 1 and the meter probe. to AC. 

2. Mo.ve the meter common lead out of the way, 
a.s it will not be used. 



Touch the meter probe· to one· side of the 
power line. If ther~ is no indication on th~ 
met~r., you have selected the common· side of 
the AC line: touch the probe to the other 
side of the line. 

4. To obtain contact to a wall outlet, insert a 
scr6wdriver blade into one of the outlet 
openings and to·uch the probe· to the e.xposed 
part of the screwdriver blade .. Try botp 
outlet openings. BE CAREFUL. 

S. If you have oc¢asion to ·n1easure a 240 volt 
outlet, such a$ for an electric range or 
dryer'· you will .get volt~ge r~adings with trre 
probe at two of the fhre~ openings. Add 
these readings together. 

Other AC Voltage Measurements 

T0 rne.asure AC voltage with the VTVM, connect 
the common (black) lead to the common or 
· ~cold,. side o] the voltage to be measured~ Set 
the Function switch to AC and s et the Range 
switcl1 to a rang.e :greater than th~ voltage to· be 
measured~ if known'! If t.inla10Wn, set it to 1500 V. 
With :the test probe in ths AC position. touch the 
point in the circuit at which the voltage is to be 
n1easured. If the· ttrete<r moves less than 1/3 of 
full scale, switch to the next lower range. The 
maximum AC voltage that can be safely measured 
with yourVTVMisl500 volts, anqthis-limit must 
not b.e e-xc·ee.ded. 'The meter scale of the VTVl\{ is 
calibrated in. rms, 

AC voltage readings are obtainf.d by rectifying 
the AC voltage and. applying the resulting. DC 
voltage to the VTVM circ1.1ttry ~ The rectifier 
circUit is a half'- wave doubler and the DC. output 
is proportional to the peak-tp-peak value of tbe 
-applied AC. 

For sine· wave voltages, the rms value is .3·5 
times thepeak~to-peakvalue. For complexwave­
foT·ms th.is ratt0 does not nece·ssarily hold true~ 
and may vary from practically zero for thin 
spikes. to. • 5 for square waves. See Figure 4. 

For sine wave· voltages over 5 volts, the rms 
v~Jue- is read on the same scale as a DC volt­
age. When using the 1. 5· v01t and 5 volt ranges. 
the L 5 and 5 volt AC scales should be rea~ 
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Wh.~n connecting the VTVM to the circuit under 
test, the VTVM input resist~ce R and input 
capacitance· C are effectively plac~d in parallel 
witn the voltage source. This may change tbe 
actual voltage to be mea,s'ured through loading .. 

A t low frequencies, snch as th~ power line fre ­
qu~mcies of 50 or 60 cps, the effects of ·capac­
itance loading n1ay usually be disr.ega:r-cled. and 
thus the· loading by the VTVMmaybe considered 
the s.ame as connecting a 1 megohm resistor 
across the voltage source, 

At higher frequencies, the capacitor teact~nce 
decreases. At 10 kc for example, it .is approx­
imately 170 Kn. Such a value may s·eriously 
affect the voltage at the point of measurement. 

The loading effect of both input capacitance ·apd 
resistat1ce depends on the source itnped::mc~~ In 
low impedance. circuits, such as 50 to 600 n,. no 
11oticeable error is introduced in the· voltage 
reading through circuit loading. Then the spec­
ified frequency response of the VTVM becomes 
the li1niting factor. 

As a general rule, it s.hould be kept in n1ind that 
frequeney response and loading may affect tlle 
acc.uraey of the voltage reading .obtained. Con­
sider the resistive loading of 1 megohh1 rega.rd­
less of f1•eq_uency, and the capacitive loading 
effect at the fre.quenc~ :involved.. The actual 
capacitance of th~ instrun1ent and the leads may 
also affect the b.uiing Qf low capacitance resonant 
circuits. 
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Knowledg-e of the values in the cir.cuit under test 
and the values of the input R and C of the VTVM 
will permit valid readingf) to be obtained for a 
wide: range of lmpedance$ within the ftill fre­
q~tency response of the instrum.ent. 

The Heathkit VTVM is a sensitive electronicAC 
voltn1_eter and~ as the hum an body p.icks up AC 
when near any AC wires, the n1eter will indicate 
this pickup. Never touch the probe when on the 
lower AC ranges. Zero should. be set with th.e 
probe shorted to the com:p.1on c.lip. 

RESISTANCE MEASUREMENTS 

To measure resistance with the VTv""M~ eonneet 
the comn:I.on (black) -lead to one side of the. 
resistor or circuit to be measured. Set the 
Function switch to OHMS and set the .Range 
switch to such a range 'that the r ·eading Will 
fall as· n ear mid-scale as possfole. Set the om1s· 
ADJ control so the meter· indicates exactlv full 

• 

scale (infinity 011 olu11s scale) with the test lead 
(AC position) not connected to a resistor ot cir ­
cuit. Then touch the test prod to the other side 
·of the resistor or citcuit to be measured. Read 
resistance on OHMS scale and multiply by t.be 
proper factor as spown on the R~ge switch 
settings. 

NOTE: Although a battery is used to measure 
resistance, the indication is ol:>troned through the 
electronic m etei~ circuit and therefore the VTVM 
must be connected to the AC power line and 
turned on. Establish i;he habit of nev:.e r leaving 
the instrument set in the OHMS position ·as thiS 
could greatly shorten the life of the ol1m.rneter 
battery, pat~ticularly if the· test leads are acci­
dentally shorted together when lying on the 
service be:uch. 

DECIBEL SCALE 

Tlle human ear does· not respond to the volume 
of sound in proportion to voltage or power level, 
therefore, a unit of measure called t11e "bel"was 
adopted. The 'Tben· ~ is more nearly equtvalent to 
hmnan hearing ratios. Normally the reading is 
given in 1/10 of a ''bel" or a "decibel'' (db) .. 
Different reference points for 1 '0 db'' have been 
ador)ted fot"' various purpo$es. The trend in r e ­
c-ent years is to use 1 milliwatt in a 600 n load 
as the 0 do reference_, p~tieularly for audic 
work. This is equal to .r/74 volt. 

On the VTVM, the meter pointer pQsition that 
corresponds to 0 db is 7,74 on the 0-15 ~cale ... 
Due t.9· the special calibration Llsed on the 1.5 V 
and 5 V AC scales, slight inaccuracies will be 
introduced into· the tib 1 .. eading when m::iking 
decibel measurements with the Range switcll in. 
the. L 5 V and. 5 V positions. 

The resistance values of the voltage divider w~re 
choseJJ so that each p-rogressive setting of the 
Range switch rel)resents a change of 10 db. For 
example, if the signal voltage at the input of an 
amplifier -read 0 db in the 1. 5 volt position and 
the o~tput v;oltage read 0 .db in the 1"5 volt posi-· 
tion it would indicate that the amplifier has a 
gain of 20 db. 

Since the dec.ibel is a current, voltage~ or power 
ratio, it tnay ·be used as Buch without specifying 
the re.terenoe level. A fidelity curve may be 1~ 
on an .amplifier by feeding fn a signal of variable 
frequency but con,stant amplitude .. At a reference 
frequency of 400 cps adjust the input VQ~tage 
for a convenient indication, 0 db for instance, on 
the VTVM conn~cted to the output. As the input 
frequency fs varied. the output variation may be 
noted directly in db above and below the speci ... 
:f1ecl reference le-vel. 



ACCURACY 

The accuracy of the meter movement is within 
2% of full S<!ale which lneans that on the 1500 V 
range, for instance, the accuracy of tb,e move­
ment will be within .30 volts . at any point on the 
scale. On DC, the accuracy of the multipliers, 1%, 
may be additive, resulting in an aceuracyofwith­
in 3% of full scale. 

On AC 1 th.e accuracy of the rectifier circuit con­
tributes variations which result in an a~~uracy 
qf within 5% of full scale. 

The accuracy on the OHMS range depends on the 
meter accuracy, the dhms rnultiplier accuraC)l 
(including the internal re~istance of the battery) 
ancl the stability of tb,e battery voltage. On th~ 
RXl scale. the intern~ re.sistance of the battery 
and the· battery voltage both vary as a result oi 
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the current drawn by the resistanGe under test. 
For greatest aceuracyt tests on low resistance 
values should. be made as quickly as possible. 
On the higher ohtn~ range, the accuracy de­
p~nds practically on the multipliers which are 
1% ~d. the meter movement accuracy, 2%. Be­
cause 'Of the nonlinear OHMS seale, the r -e­
sulting accuracy is not. readily expressed in a 
percentage figl~E;;, b1.lt greatest accuracy is ob­
tained at mid- scale readings. 

NOTE: When comparing' this ins:trum ent witb 
another VTVM, consider that the ac-curacy of 
the other instrument may deviate in the oppo­
site direction. Therefore, when c.ompar-ing. two 
instruments of 5% accuracy, the total differ­
ence tr'ay be 10%. Critical comparisons should 
only ~)e made against certified laboratory stand­
ards. 

IN CASE Of DIFF"ICUL TY 

1. Recheck the WITlng. Trace each lead in 
colored pen.cil on the PictoriaJ as it is 
checked. It is frequently helpful to have a­
friend check your work. Someone who is not 
fan1iliar with the tmit ruay notice something 
consistently. overlqoked by the constructor. 

2. It is inter€ sting to note that about 90% of the 
kits that are r~eturned for repair do not 
function properly due to poor connections 
and soldering. Therefore1 many troubles 
can be eliminated by reheatjng all conpec­
ticms to mal{e sur·e that they are soldered 
as deSGribed in the Proper Soldering Te~b­
niques section of t.ltis manuaL 

3, Make sure the tubes lig'ht up properly~ 

4. Check tl1e· tubes with a tube tester or by 
substitution .of tubes Imown w ~ good4 

5. Check the values of the parts. Be sure 
that the proper pal't has bee-n wired into 
the c-ircuit, as shown in the pictorial 
diagrams and as called out in the wiring 
instructions. 

6. Check for bits of solder. wire end.s or other 
foreign matter Which 1nay be lodged in the 
wiring. 

7, lf, after ca,reful checks, the: trouble is still 
not located and a \!Oltmeter is available, 
check voltage readings aga.U1si; those shown 
on the Schematic Diagram. NOTE: All 
volta,.ge readings were taken with an 11 
megohm input vacuum tube volhneter. Volt­
ages tnay vary as n1uch C$ 10%. 

8-. A review of the CircUit Description will 
prove helpful in indicating where to look 
·for troubl~. 

N01'E: fu a.n extreme case where you ar.e: unable to resolve: a 
difficulty, refer to ihe Senice. and W arran l y sections of th~ 
.,..Ki_t Builders Cuide'\ and to the ~'Fac1.o.ry Repair Service" 
in forma lion on Page 36 Of th.is ManuaL 
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Troubleshooting Chart 

DIFFICULTY 

Completely inoperative. 

I11ability to obtain DC 
baiance. (Changes zero 
in~ication when swttqhing 
fron1 DC+ to DC-.. ) 

AC inoperative. 

AC balance. 

Inaccurate AC readings. 
(The inability t o obtain 
AC calibration.) 

POSSIBLE CAUSE 

1. Make sure that power is being applied to the 
instrument. This tnav be 1ueasured across 

' . 
the primary winding of the power trans-
former. Be SUHE to connect together the 
com1llon side of the circuits .. of thenu:~asur­
ing meter , the meas'\;l.l'ed meter and ·the 
power line. 

2. The tube filaments do not light. Check 
voltage between the yellow leads of power 
transform.er (5-6 volts AC). 

3. Che-ck the voltage between each end of the 
electrolytic capacitor and gTound. Correct 
voltag€S are shown on the Sc(!ematic. 

4. Check the 12AU7 tube. 

1. Check the 12AU7 .tube for an uuhalanoed con­
dition (substitution). 

2. Check the 1 0 megohmresistpr, R16 (brown­
black-blue). 

3. Check the 1wo .005 JJ.fd capacitors. C4 and 
C5, in. the grid cil~cuits of the 12AU7 tube 
(Pins 2 and 7). 

4. Check the c.omponents in the cathode c_ircuits 
of the 12AU7 tube (Pins 3 and 8). These· 
circuits include the :ZERO ADJ control 
(R33) R31. R32 , and R34 • 

• 
5. Check the Range switch asserri.blycarefully. 

1. Che c¥:: the 6AL5 tube. 
2. Check C1 1 .047 t..tid 1600 volt, and the two 

.05 !lfd capacitors , C2 and C3. 
3. Check the Function switch assembly ca1.-~­

fully. 

1. Disconnect the te~st leads: from the ihstru­
ment before adjusting the AC Balance con­
trol a~ directed earlier in the map_ual. It 
ls imperative that DC balance be obtained 
before this adjustment is made. 

1. Check capacitors C2, C3, and C6. 
2. Check the 6AL5 tube. 
3. Cheek the Ad Calibrate control; Rl4., NOTE: 

Wrtb the test lead plug· inserted, there n1ay 
be a residual reading. This is due to stray 
AC pickup in th~ test leads. 

4. Check the Range switch for proper assembly. 



OJFFtCUL TV 

Inaccurate DC readings.. 

Ohms ilioperative. 

Ohms inaccurat~A 
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POSSIBLE CA·USE 

1. Check the DC Calibrate cqntro,l~ R15. 
2. Check the resisto.r in the test probe. Mak€ 

sure ~that it is not being grounded. 
3. Check the Range switch for Qroper assembly. 

1. Check the OHMS ADJ con.trol. R13 for the 
correct val~e. 

2. Check the Ra,nge switch for-prop er asse1nbly. .. 

1. 
2~ 

Check the battery (substitution). 
Cheek the value of all r~sis1Grs on the Range 
switc.h which have a value beginning with tile 
number ,'9'',. (The 9.1 n resistor, R30, 
should receive special a tt.entionJ NOTE: 
Th~ ohms section of the VTVM is not in­
tended for use as a s tandard.. Where a great 
degree of accuracy is required, a bridge 
shoUld be· used. 

MAINTENANCE 

METER 

Because of the delicate nature e>f the meter mov.e­
ment, 110 attempt should be made to repair the 
meter. Such. attempts would automatically void 
tlle standard w.a.rranty coverage of the meter 
itself. 

ELECTROSTAT~C CHARGE 

The polystyrene meter cover has been treated 
to resist an :acc1imulation of static electricity. 
However~ should a statir charge aecumu1ate 
through r epeated polisbing or cleaning .of the 
1net:er cover, tl1e poil'lter ~'ill defl~ct in atJ 
erratic manner, regardless of whether the 
instrument is turned off or on. This condition 
ean be corrected quickly. Apply a: sril;all quantity 
of liquid clishwashing detergent to a clean& soft 
cloth and wipe the surface of the meter cover. 
The accumulated electrostatic charge will im-

n1ediately disappear. It is not necessary to re­
lnove_ the cover for this correction. 

CHECKING METER COIL CONTlNUITY 

ALWAYS use a re·sistor of at least 10 Kn in 
s eries with the meter movement and the ·ohm-
meter test leads when checking for meter coil 
continuity. If this resi's.tor i.S' not used to Teduoe 
the current. the meter tnovement will probably 
be seriously clan1aged. 

TEST LEADS 

Because of their constant flexing, during use~ the 
test leads are not a.bove suspicion., especially 
when the VTVM has been in use for several 
years. Erratic or iznproper DC voltage tneasure­
ments uan sometimes be caused by a fault in the, 
shield~d test lead or in the conneetion of t.he 1 
megohm isolating :resistor used in the test 
probe. 
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ACCESSORY PROBES 

HIGH VOLTAGE TEST PROBE 

A high voltage test probe is available fron1 the· 
Heat11 Company .. This probe will permit VTVlVI 
DC 1ne.asurements up to 30.000 voltsi which cov­
eTs the rangEt- of flyback powe:r supply voltages 
conunonly encountered in TV r eceivers. This 
probe consists of a red molded housing with a 
black rn.olded .handle .. It contains a 2% precision 
1090 megohm resistor and pr·ovides a DC range 
multiplicatiol\ factor of' 100 for 11 megohm 
input VTVMs. 

RF TEST PROBE 

An R'F test probe is available from the Heath 
Com-p~ny. This probe will .Permit VTVM usage 
for RF me~surements up to 30 volts ~ its re­
spon·se is substantially flat from 1000 opsto100 
me.- A built- in isolating capacitor permits a DC 
voltage r~ange of up to 500volts. It uses a printed 
ctrcuit boarpforea$y as-s ·emlDly and its housing is 
of polished altrminum withp0lystyrene insulation. 

REPLACEMENT PARTS PRICE LIST 

PART PRICE 
No. Eac.h 

RESISTORS 

1- 3 
1-20 
1 -23 
1-27 
1-126 
1-35 
1-·38 
1-40 
1-70 
2-24 . . -

2-29 
2-35 
2-50 
2-39 
2-40 
2-41 
2-86 
2-42 
2-138 
2-45 
2-123 
2-!51 
2-148 

2-147 

2-52 

3-4-2 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 
'20 .. 
.20 
20 .. . 

20 • • 

0 20 
.20 
.20 
.20 
.20 
.20 
.20 
.25 
.20 
;20 

.50 

·30 . -
2.5 • • 

DESCRIPTION 

100 n 1/ 2 watt 
10 KQ 1/ 2 watt 
27 KU 1/2 watt 
150 Kn 1/2 wati 
180 Kn 1/ 2 watt 
1 megohm 1/ 2 waH 
3~ 3 megohm 1/2 watt 
10 -megohm 1/ 2 watt 
22 megohm 1/2 wait 
90 n 1/ 2 watt p1·ecision. 
900 Q 1/ 2 watt precision 
9 Kn 1/ 2 watt precision 
10 KU 1/ 2 watt precision 
21.62 KS? 1/ 2 watt precision 
68.38 K.Q 1/ 2 watt precision 
90 KS1 1/ 2 watt precision 
150 K.Q. 1/2 watt prec.ision 
216~2 Kn 1/ 2 wattprecision 
4QO K.Sl 1/ 2 watt precision 
683 .. 8 KQ 1/ 2 walt precision 
800 KQ 1/ 2 watt precision 
900 Kn 1/ 2 watt precision 
2.1'62· tnegohm 1/ 2 watt 
precisiOJl 
6.838 megohm 1/ 2 watt 
pre~cisiOI) 

9 megohm 1/ 2 watt pre­
c ision 
9.1 n 2 watt precision 

PART PRICE DESCRIPTION 
No-. Each 

CAPACfTORS 

21-27 .10 .005 /.Lid elise ceratnic 
23-91 .50 .047 11fd 1600 V tubular 
23-61 :.20 .05 I.L!~l 40.0 V tubular 
25- 19 .• 55 20 11fd 150 V electrolytic 

CONTROLS-SWITCHES 

10- 57 .35 10 KQ tab- mounting control 
10-142 1.10 10 KQ vernier control 
63-500 3.40 Range switch 
63- 501 2. 80 Frntction switch 

TUBES-LAMP--DIODE 

411-25 1.~0 12AU7 ttibe 
411-40 .,90 6AL5 tube 
412-36 .20 Neon latnp 
57-27 . 50 Silicon diode 

TERMINAL STRJPS-SOCKETS-JACK.-PLUG 

431-50 
431-5 
431-12 
431-40 
431-77 
434--15 
434-16 
436-20 
438-28 
-432-27 

.10 

.10 

.. 10 

.1 0 

.10 
~ 10 
.10 
.45 
.65 
.,40 

1-lug terminal strip 
~-lug terminal ~h·ip 
4-lug· te1,"n1inal strip, 
4-lug tern1inal strip 
5-lug tern1inal strip 
7-pin tuJoe socket 
9-pin tul:;Je socket 
Phone jack 
Phone plug 
Line cord adapter 



PART PRICE DESCRIPTION 
No.. Each 

PROBE PAR·TS 

A factory-wired and tested replaoement probe. 
assembly Model PKW-4, is available fron1 Beatb 
Company at $4.95 plus postage . Due to Ute c.ost 
of handling, the replacement probe assembly 
is not available in kit [Orm, 

W·IRE~SLEEVING 

340- 2 
341 - 1 
343-11-1 
344- 59 
346-1 

.05/ft 

.05/ft 

.20 

.05/ ft 

.05/ft 

METAL PARTS 

90- 2'62-2 1. 50 
200-524 •. 60 
203- 351-2 1.40 
204-254 .15 
204- 542-2 1.25 
214- 2 .15 
258-7 .10 

HARDWARE 

250- 49' .05 
250- 116 .05 
250-89 .05 
250- 54 .05. 
250- 155 .05 
250-68 .05 
25~-1 .05 
2n2- 3 .05 
252-7 .05 
252- 32 .05 
252- 49 .30 
253-2 .05 
2::>3-10 .05 

Bare wire 
Black test lead 
4 foot shielqed test lead 
Hookup wire 
Sleeving 

Cabinet 
Chassis 
Frorrt panel 
Battery bracket 
Gimbal bracket 
Battery housing cup 
Battery spring 

3-48 x 1/ 411 screw 
6.-32 x 1/4" :screw (black) 
6-32 x 3/ 8" screw 
10- 32 Xo 5/8" screw 
#6 sheet metal screw (black) 
#7 x 3/ 4" wood sc_rew 
3-48 nut 
6-32 nut 
Control nut 
Push-on $peec.lnut 
Thumbnut 
#6 fiber shm..1lder washer 
Control flat wq.sher 

PART PRICF 
No~ Each 

Hardware ('cont' d. ) 

253.,.19 
254-7 
254-1 
254- 4 
255-44 
259-1 

;05 
.05 
.'05 
.05 
~10 
.05 

MISCELLANEOUS 

54-2-24 3.10 
75-30 .10 
75-71 .10 
89-23 .75 
260-1 .10 
260-51 .2.0 
261 - 29 .05 
331-6 .15 
407-75 12.10 
413-11 .10 
455-50 .10 
490-5 .10 
462-245 .25 

2.00 

DESCRIPT!ON 

#10 flat wa:sller 
#3 lockwasher 
#6 1ockWasher 
Controllockwasher 
'Threaded spacer 
#& solder lug 
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Power transformer 
Strain relief, round cord 
Strain r~lief~ flat cord 
Line cord 
Alligator clip 
Alligat()r clip, threaded 
Plastic. foot 
Solder 
MeteT 
Neon lamp lens 
Knob 9ush:ing 
Ntlt starter 
Knob 
Manual (See front c·over for 
part number.) 

Th~ above prices apply only on purchases n"oln 
the Heath Cmnpany where shipment 'is to a U.S.A. 
destination. i\dd 10% (minin1unJ 25 cents) to the 
price when ordering frotn an authorizedService 
Center ¢r H.eathltit Rlectronic C ent.er to cover 
local sales tax, postage and handling. Outside 
th~ u.s.A. parts. and s~rvice are available fr:om 
your l ocal Hea.th~.it source and will reflect ad_di­
tional transportation, tq,xE?s duties and rates of 
exchange .. 

To order parts" usc the PartE Or<lel" Fo-rm Cru-nished with_ thi..., 
kiL H u Ptrrb,-. Order I!'o,r-n1 -is tl ot a vail~ible~ rMer to 
R.epiacem.ent Parts in lh<> {ili Builders Guiue. 

• 
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FACTORY REPAIR SERVICE 

You can return yo.ur c.ompleted kit to tbe Heath 
Company Service· D.epart1nent to have it repaired 
for a 1ninimum service fee.~ (Kits that have been 
modified will not b:e ac.c·eptect' for l'epatr.) If you 
wish, you can deliv.er your kit to a nearby Heath 
Authorized Service Center These centers are 
listed in your Heathh'it .catalog. 

To be eligible for replacement parts under the 
terms of the warrantyt equipment returned for 
factory repair service~ or delivered to a Heath 
Authorized Ser·vice Center, must be accompanied 
by the invoice or the sales slip, or a copy of 
either. If you send tl1e original invoice or sales 
slip, it wi11 be returned to you .. 

If it is not ·convenient- to ct·enver your kit to a 
Heath Authoriz.ed $e.rv1ce Center, please ship lt. 
to the factory at Benton Harbor,, Michigan and 
follow the fol1owing shipping instructions: 

Prepare a letter 1n duplicate, containing the 
following information: 

• Your name and return address. 
• Date of purchase. 
• A brief description of the difficulty. 
• The invoic·e or sales slip, or a copy of 

either. 
• Your authorization to ship the repaired 

unit back to you c.o.D. for the service 
and shipp.ing charges, pl~s the cost of 
parts. not co:ve.red by the warranty. 

A:tta~h tbe envelope c·ontainjng one co-py C: 
tl,lis letter· directly to the W1it bei()re. paok­
ag_in:g~ so that we do. not over look thiS h;npor-­
tant iilfotmation. Send t.he second copy of tli t: 
letter by Separate mail t.o Heath CQ!l4lan"\"~• 
Attention: Service Department, Benton Harbor-. 
Michigan. 

Check the equipment to see that all parts a.rd 
screws are in place. (Do not include woode:i 
cabinets when shipping receivers, tuners, am­
plifiers, or TV sets, as these are ea_s:!:" 
damag~ in shipment.) ~en, wrap the equip­
me.nt in heavy paper, Place the eqUipment m 
a strong cal~ton, and put at least TffRRi:: 
INCHES of r..esilient packing· material (sbredd~ 
·paper, excelsior 1 etc.) on ;all sides:) betwee-:J 
tbe· equipment and the carton. 8~a:I the cartcrn 
with gummed paper tape, and tie it With fJ 
strong- co.rd, Ship it by prepaid express,. U11iteci 
Par eel Service, or insured parcel post r-

Heath Company 
Service Department 
Benton Harbor 1 Michigan 49022 
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