HEATHKIT VACUUM TUBE VOLTMETER

MODEL V-7A

SPECIFICATIONS
Electronic . C. Voltmeter:
T Ranges:. ....... P e . 0-1.5, 5, 15, 50, 150, 500, 1500 volts full scale,
with accessory probe to 30,000 volts
Input Resistance;...,............ 11 megohms (1 megohm in probe) On all rangea,
1,100 megohms with accessory probe
Sensitivity:. ........ ..., +4+ 1,333,333 ohms per volt on 1,5 volt range
Circuit:................ e Balanced bridge (push-pull} using twia tricde
ACCUPACY . .o it oo £3% full scale
Electronic A.C. Voltmeter:
TR.M.S RangeS!........ocu.uen. 0-1.5, 5, 15, 50, 150, 300, 1500 gcalea reading

.M. 8. (.353 of peak to peak).
Frequency Regponse (5 v range):.. +1 db 42 cps to 7.2 mc (800 0 source;,

Accuraeyr.......... e i +5% full scale
7 Peak-to-Peak Ranges:.......... 0-4, 14, 40, 140, 400, 1400, 4000
Electronic Qhmmeter:
T Ranges:. .. .. Rt Scale with 10 chmas center X1, X10, X100, X1000,

X10K, X10E, XIMEG. Measureg.1ohmto 1000
megahms with internal battery

Meler:. ..........coiiieiiniana. crivsneao. 4127200 uA movement, Polystyrene case

MulHplers:. ... e e +2v+.. 1% precision type

Circuit board:........... et ae e » Printed circuit] etched metal procesas 3 /32" XXP
laminated phenolic .00135 copper foil

Tubes:. . .....oviiaiian... e e 1 - 12AU, twin triode meter hridge
1 - 6ALE, twin dicde full wave AC rectifier

Battery:, ............ e +-+. 1172 volt flashlight cell

Cabinet Size:. ................... e T 3/8" high x 4 11/16" wide x 4 1/8" deep
¢harcoal grey panel, feather grey cabinet

Kit Shipping Welght. . . ... ... .. ... ..o n. 7 lbsa.

Power Requirements..........c00venuae. o0 105-125 volt 50-80 cycle AC 10 watts



INTRODUCTION

This Heathkit model V-TA VTVM represents the first kit instrument using a prewired, prefabri-
cated printed cireuit board in its design. The advantages of this circuit boarduse arenumerous
apd it might he helpful 1o discuss them briefly before actually entering into kit construction .
The printed circuit process itself is very interesting andan outline 0f the basic method involved
will provide a much better understanding of the entire project.

The printed circuit board is actually nothing more than an ingulating material on which a metal
conductor pattern has been prepared. This metal conductor pattern replaces virtually all of the
wiring usuaily associated with conventional chassis construction. The labor saving thus attained
represents one of the principal advantages of printed circuit vee. . Other advantages are exact
tuplication of engineering development model, elimination of construction variations due to in-
dividua! assemblx techniques, more compact efficient congtruction and reduced margin of error.

There are many methods by which the metal conductor pattern is obtained and at the present
time, the etching of a copper clad laminated phenolic board appears to be the most logical and
flexible one. Usually a copper clad surface is subjected to a printing procesa such as is used in
photography, eilk sereen, offset printing, etc. Afier printing, the unwanted rmetal not protected
by the printing pattern is etched away leaving the desired pattern.

Generally speaking, the same soldering techniques with which you are already familiar will
apply. I is recommended that 5 smaller soldering iron with a gmall tip be used. Irons in the
range of 25 or 50 watlg are entirely adequate. Soldering pencils are ideal for this work, Quick
heating solder puns can be used but some precaution should be obgerved regarding the possibility
of overheating. Overheating will damage the copper foil or the board and the practice itsel
should be discouraged in this assembly technigue. Should the circuit board become overheated
through goldering, the condition will be immediately evident by a distinctly audible "{rying" or
“erackling. "

You will note that on the reverse side of the cireuit board, a silk sereening process actually
designates the placement of componenta and identifies them by electrical value. To install a
condenser or resistor, it is merely necessary to kold the component in ¢ne hand and bend both
leads downward with the other hand forming a U-shaped unit. Then it is merely necessary to
insert the leads through the openings providedand place the resistor or condenser direcily over
the designated area on the board. Spread the leads slightly &0 as to keep the unitg in place and
prevent shifting. Usnally many components can be mounted and then a number of soldered con-
nections can be made without requiring frequent handling or turning of the board. After making
the solder connection, the remaining leads should be trimmed off ¢close to the board,

Tube sockets are mounted in a slmilar manner by inserting the socket pins in the cireuit beard
cutoul provided and properly aligning the socket. The pins can then be quickly soldered to the
corresponding terminals for good electrical conneclion and at the same time provide adequate
mechanical construction.

A properly preparec circuit board will provide many years of trouble-free service. There will
e no deterioration of electrical connections or continuity of circults and of course no Jeparation
of the copper and laminate. Your Heathkit repregents the most widely accepted VTYM in the
electronics industry. Properly constructed and intelligently used, it will provide many yearsof
accurale (rouble-free measurement service.

PRELIMINARY NOTES AND INSTRUCTIONS

The Heathkit model ¥V-TA Peak-to- Peak Vacunm Tube Voltmeter is an excellent instrument and
care used during construction will be well repaid. The construction is opesn and sasily accom-
plished but it should not be rushed, as poor workmanship can result in poor operation.



UNPACK THE KIT CAREFULLY, EXAMINE EACH PART AND CHECK IT AGAINST THE
PARTS LIST. In so doing, you will become acquainted with the parts. If a shortage is found,
attach the inspection slip to your c¢laim and notily ws promptly. Hardware items are counted
mechanically and if a few are missing, please secure them locally if at ali possible. Use the
charts on the ingjde ¢coverg of this manual to identify the parts.

Read the manual completely through before starting actual conatruction. In this way, you will
become familiar with the general procedure ugsed. Study the pictorials and diagrams to get ac-
gquainted with the circuit layout and location of parts. When actually assembling and wiring,
read the entire step through ao that no suggestions will be missed.

To facilitate describing the location of paris, tube sockets, controls, terminal strips, ete. have
all beenlcttered and are coded. All such numbering and lettering is clearly shown in the figures
and when insiructions say, for example, "wire to G3'" refer to the proper ligure and connect a
wire to pin 3 of socket G,

It is recommended that O, Z, P, eic. be actually labeled as such on the panel with a pencil.
Lettering on the inside of the panel where wiring is done will reduce the possibility of making
wWrong connections.

Tube sockel pina are numbered ag shown in Figure 5. Always read clockwise when Lhe socket
ig riewed from the bottom.

A clrcuit degeription is included in the later section of this manual so that those with some
knowledge of electronics wiil be akle to obtain & clearer picture of the actual fvnclioning of this
instrument. It is not expected that thoge with little experience will understand the description
completely, but it should be of help in the event that they deslre to become more familiar with
the ¢lrcuitoperation and thus learn more from building the kit than just the placing of parts and
wiring. .

8mall changes in paris may be made by the Heath Company. Any part supplied will work just
as well as the part for which it was subsgtituted. By reading the color code on resistors for
ingtance, it will be readily understood that a value of 51 K& 12 a subgtitute [or the specilied 47
KD proyided the specified value is not supplied. Suchchanges will be made only if the specified
parts are unobtainable at the time and are made toingure a minimum delay tn filllng your order.

Resistors and controla have a tolerance rating of +30% unless otherwise stated. Therefore a
100 K& resistor may test anywhere between 80 Kft and 120 K. Frequently condensers show
an even greater variation such as -50% to +100%. This Heathkit is designed to accomodate such
variations.

PROPER SOLDERING PROCEDURE

Only a amall percentage of Heathkit purchasers find it necessary to return an instroment for
factory service. Of these, by far the largest proportion function improperly due to poor or
improper soldering.

Correct scldering technique is extiremely important. Good solder joints are esaential if the
performance engineered info the kit is to be fully realized. H you are a beginner with no ex-
perience in aoldering, a half-hour's practice with odd lengths of wire and a tube socket will be
@ worthwhile investment.

High quatity solder af the proper grade ia most important. There are several different brands
of solder on the market, each clearly marked "Rosin Core Radio Solder. " Such solders consist
of an alloyof tin and lead, usually in the proportion of 50:50. Minor variations exist In the mix-
ture such as 40:60, 45:55, etc. with the first figure indicating the tin content. Radicsolders are
formed with one or more tubular holes through the center. These holes are filled with a rosin
compound which acts as a flux or cleaning agent during the soldering operation.



RANGE SWITCH ASSEMBLY

The range switch is the very heart of the VTVM multiplier circuit
and careful workmanship here will reward the kit builder with
trouble-iree performance. Thig switch has been especially de-
signed for the Heathkit VTVM. I is imporiant that solder con-
nections be well made with a clean, hot, well tinned irom, amall
tip preferred. Avoid excessive use of solder or flux. Do not
overheat or burn the switch wafers. Complete absence of any
potential leakage path is desirable. The switch assembly is en-
tirely logical and the step-by-atep procedure ghould be carefully
followed. Take your time, be sure of each astep and do a good job.

3 DECK REM

2 DECK REA
The range switch is the long, 3-deck rotary switch, part #63-79.
Inspect the switch for alignment by holding it vertically and sight-
ing from one side to determine if the switch shaft and stacked
tubular wafer separaiors are all parallel to each other. If the
assembly ig misaligned, probably due to handling <r shipping,
alignment should be restored before proceeding with the work.
This can be accomplished by holding the metal detent wafer at the
shaft end in one hand and firmly twisting the SPACERE on the
switch deck with the other hand. After aligpning, check the fight-
ness of the mounting nuts on the last wafer. They should he snug
without excessive strain.

' DECK REAI

RANGE SWITCH WIRING

The range switch canbe conveniently wired before panel mounting.
Study Figure 1 for proper orientation and awitch lug designation.
Switch lug marking follows a fefinite pattern. The three decks,
front {deck #1), center (deck #2), and rear (deck #3) are all 12-
position wafers and terminals will be designated as follows:
Front deck, #1 numbered from 1 to 12; (lfge]:lter deck, #2 [rom 13 RANGE SWITCH

to 24: Rear deck, #3 from 25 to 36. NOTE: Before wiring, be NUMBERING SYSTEM
sure your switch agrees with the terminal arrangement shown in

Figure 1 and described below.

Lug numhering will be called out in clockwise rotation eommencing with the frontdeck. There-
fore, R1 will e the front deck lug as identified in Figure 1. The next position, normally R2, is
blank followed in continuous succession by R, R4, eic. Note that on the first deck #1 contact
surfaces appear on both sidescof the deck. Whereas the remalning decks #2 and #3, the contacts
are all on one side of the wafer.

Figure 1

During assembly procedure, mount resistors so that the printed values are visible. This 18
good practice and will be helpiul in the event trouble shooting is required. Trimexcess resistor
lead length andcrlmp the lead ends aroung the switch lug for good mechanical connection. Avoid
undue strain on the switch lug itgelf so that the rivet mounting will not become lnoosened. Use
insulated sleeving whenever bare wire is adjacent tothe switch trame or the possibility of short-
ing to adjacent wiring exists.

Check oif each step in the space provided (v') a8 it 18 completed.

{8) means solder the conngction. {NS) means do not solder yet.
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PRELIMINARY TEST

Plug the VTVM line cord into a 117 voll 60 cycle AC source. Do not attempt to uge the instru-
ment on DC or 25 oycle supply as sericus damage will resylt. Switch the selector knob to the
DO+ ur DO - position and the range swileh to the 1 1/2 volt position. The Llubes and pilut light
should light, Within 13 or 20 seconds of warmup time, there should be some degree of zero
adjust controk action, which will permit the meter pointer io deflect over a limited range of the
dial. During the preliminary warmop agsembly, check the instrument asgembly very carefully
for any indieation of overheating which would result Trom errorg in congtruction. Assuming that
the instrumient will respond ik the manner indicated, it will be qafe toleave it turnedon o thar-
oughly warm wp while the balance of the kit project is completed. This will consist af test lead
preparation and cabinet assembly.

FREPARATION OF TEST LEADS

COMMON TEST LEAD

ALLIGATZA GLI®

BLATK
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STRID OFF OUTSICE BUERER COATING & ShiZLD FROM HERE

o LACH TEST PROC
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QE-RUWN' BLAC-L-DRE.':i\:l

A.C-OHMS TEST LEAD
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{#] COMMON TEST LEAD: The eomman teat lead Is made by connecting the Black banana plup,
an nne end of the black test leud and an alligator ¢lip on the other. Figure 10 shows lhe
detail,  The banasa plug is assembled by gligping the black insulator rleeve pver the black
lezd, Inscrl the stripped wire into the plug and wrap once arcund the plug as show, 3cTes
the sleeve onto the plur zecurely. No sulder is reguired.




£--“),DC TEST LEAD: The I test lead i3 made by connecting the phone plug on one end of the
shielded test lead, the inner wire conductor lo the phone plug tip ¢onnection and Lhe wire
shield to the phone plug sleeve. On the other end, goes a small 1 megohm resistor which
Is then slipped inside the black test prod. See Figure 10. It is important that the shield
portion of the test lead at the resistor end does not touch the resistor or solder connection.
Do noteonnect the shield to anything at this point. The only shield comection used is made
at the phone plug end. After soldering the resister to the inner conductor of the iest lead,
donot wrap the joint with tape of any kind as this couldcause a highresistance leakage path
across the shield portion and the resistor lead resulting in measurement inaccuracies.

i V{ AC-OHMS TEST LEAD: The AC ohms test lead is made by connecting the red banana plug
on one end of the red test lead and the red test prod on the other. Figure 10 shows the con-
struction.

{ # Fasten the handle on the case, using two 10-34 screws.

IRGTALL EET
AE SHOWH

{ M/Push the rubber feet {nto the four holes in the bottom of the VTVM case, Lt

TEST AND CALIBRATION

During the preparation of the test leads and cabinet, the YT¥M has had an opportunity t0 warm
up thorcughly and should now be calibrated.

Turn the instrument off and make sure that the mechanical Zero position of the meter pointer is
carrect. H not, adjust ag follows:

Place the inatrument in normal operating position, Turn the black plastic screw on the meter
face with a aerewdriver while gently tapping the meter face with one finger until the pointer
coincldes with the zero line on the left side of the seale. Turn the instrument on again,

I[j} et the SELECTOR switeh 1o DC+. Check operation of the zero adjust control. Turning
this control should move the meter pointer to approxtmately half scale or slightly less. Set
pointer to zero at the left side of the scale and check for zern positioning when the SELEC -
TOR switch is changed to DC-. It should be possible to obtain a zero adjust contrel pogition
that will permit the meter pointer to remain stationary when switching through from DC+ to
DC~-. If there is an appreciable zero shift of more than two divisions on the scale, it should
be regarded merely as an indication that additional aging of the 13AUT tube is required.
This aging can be obtained by leaving the instrumnent turned on for a period of 48 hours or
more or through continued uge of the VTVM with periodic calibration.

DC CALIBRATE:

Insert the common and DC test leads. Set the SELECTOR switch to DC+ and the RANGE
switch to 1.5 volts. Connect the teat leads to the calibrated flashlight cell and adjust the
DC CALIBRATE control sothat the meter pointer falla directly over the very small red dot
on the meter face. Approach the red dot going up gcale by turning the screwdriver cali-
brate controland watch the meter read 1.4 volts and 1.5 volts and then 1he 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 voltg for this adjustment.

OHMS CHECK:
Turn off VTVM. To install the battery, start top (+) end of the batlery into the battery Tup
and then pull the spring cut and over the bottom (-) end of the battery. Now pushthe spring
and the battery in under the metal brace 3o the spring, battery and battery cup are all in
Line. Turn on VITVM and set SELECTOR switch to OHMS. Set QHMS ADJUST for full scale
{infinily}. Insert AC-OHMS test lead and touch probe to common test vlip, Meter pointer
should drop to zero at left end of scale (no resistance).



AC CALIBRATE:
Temporarily remove AC OHMS test lead. get RANGE switch to 1.5 volts and SELECTOR

switeh to AC. Adjwat AC BALANCE contrpl so n¢ movement 1s noticed in the pointer when
switching (rom AC through DC- to DO+. Now set RANGE switch to 150 volts and the SEL-
BECTOR switch to AC. Reinsert AC chms lead. Connect AC ohms and common lead to the
117 volt AC line.

WARNING: 117 volt AC line is dangerous. Proceed with due care.

Adjust AC CALIBRATE control until puinter indicates the line voltage (117 volts AC).

AGING
It is recemmended that the tubes be aged before final calibration. This is accomplished by
keeping the instruraent turned on for a period of at lezsl 48 hours. Final calibration should be
done in the same way as the initial calibration. Careful calibration will result in a more ac-
curate instrument. I a standard AC meter is available, it is desirable to ugse such an instru-
ment preferably at a voltage near full scale on the YTVYM as for instance, 140 volts or 40 volts
an the 150 volt or 50 volt range respectively.

Oue of the major advantagea of kit [orm ingtriment consiruction is that thekit bullder hecomes
thoroughly familiarieed with calibration procedure and is thersfore in an excellent position to
perindically check VTVM operating accuracy instead of assuming that usval factory ingtrument
calibration is atill valid.

Please bear in tnind that any fresh stock flashlight batiery will actually meagure 1.55 volts and
can be used lor calibrating purposes. The battery supplied with your VTVM was individually
checked for proper voltage and marked accordingly ag 3 precautionary measure. It is evident
that it will not be necessary for the kit purchaser to obtain a specially calibrated battery from
the Heath Company when battery replacement is required. Any standard brand fresh stock bat-
tery will serve the purpose.

After final calibration, place the instrument in the cabinet and ingstall the two #6 gheet metal
screws through the back and into the hracket. The instrument is now ready for use. The power
consumption of the VT'VM is very lowand there is no objection toleaving the instrumenton con-
tinuously during the dally work period pather than turning it off each time a measurement function
ig completed. Daily cperation for a periodof several hours or more will also serve the purpose
of eliminating possible moisture accumulation.

IN CASE OF DIFFICULTY

In event the instrument does not perform properly and calipration procedure cannot be obtalned
in the manner described, we would suggest that you observe the following check procedure.

1. Recheck all wiring to the RANGE and SELECTOR gwitches and make sure that all connec-
tions are properly made. Most cases of trouble result from improper or reversed con-

nections. Often having a friend check the wiring will reveal a mistake that is consistently
overlooked.

3 Check the 64515 and 12ATUT tubes. If possible, check tube performance in the VTVM circuit
by substitution with tubes known tobe in good operating condition. Tubes used in this VTVM
do not require special selection and their replacement should not present a problem.

3. I the meter pointer swings full scale to the right and stays there with SELECTOR switch
at DC+, check for an open circult or high resistance connection somewhere between the
grid pin 2 of the 12AUT tube and ground. This condition might be due to a Wrong connection
fo the SELECTOR swilch, a poor connection or possibly an opén resistor.

 the instrument does not operate on any funetion, a check of the power supply, the 12ATT tube
and its aggociated meter circuit is suggested.




I the instrument fails to function on AC measurements oniy, then a check oi the 6ALS and its
agaociated circuits should be made.

If the instrument only failg to funciion on ohing, the difficulty will probably be due tothe battery
(make certain the battery is making good contact in the bracket) or the chms multiplier resistor
string. X the resistor siring is open at gome point, the meter pointer will usually deflect tothe
extreme right of the meter scale, regardless of the setting of the chms adjust control,

It is important that proper aperation on DC+ or DL - should first be obtained before any attempt
i8 made to use the instrument on AC or ohms.

4. <Check the operating voltages. The following voltages are measured to chassis. Pins 1 ar
6 of the 12AU7 tube or positive lug on the rectifier, 50-70 volts positive. Negative side of
filter condenser, &{-85 volls negative.

8. Check continuity through the DC test cable. Make certain that the shielding 13 not shorted
ta the center conductor or that the 1 megohm isolating resistor inside the fest prod is not
being grounded.

6. Insufficlent range of zero adjust controleould indicate that posaibly the wire jumper between
pins L and 6 of the 12A07 tube has been omitted.

7. Visgually inspect all conatruction to determine the posaibility of wire cuttings or blobs of
golder being lodged against control terminals, awitch contacts, etc.

NOTE: K circuit board is accidentally damaged by dropping, resulting incracks in the laminate,
the following precautions should be observed. 4 break in the board will almost always cauae a
corresponding break inthe fcil pattern. In event this should occur, the foil pattern canbe easily
repaired by bridging the Ioil break with a short length of bare wire. Just lay the wire right cn
the pattern, bend to fit foil contours if necessary, and then svlder the full length of the wire.

Alternately flexing each corper of the board slightly while the lnstrument is in operation will
usually reveal whether or not a foil pattern break is present as the instrument will react in an
erratic manner.

The circult board used in your VTVM is rugged and serviceable and under normal conditions of
usage, the board does not require unusual handling precautions. However, the information sup-
plied will be helpful in the avent an accident should occur.

REPLACEMENTS
Material supplied with Heathkits has been carefully selected to meet design requirements and
ordinarily wiil Julfill it$ function without difficulty. Occasionally linproper instrument opera-
tion can be traced to a faulty tube or component. Should inspection reveal the necessity for re-
placement, write to the Heath Company and supply zll of the following information.

A. Thoroughly identify the part in guestion by using the part number and description found in
the manual parts list.

B. Identify the type and model number of kit in which it ig used.

C. Mention the order number and date of purchasa.

I Describe the nature of defect or reason for requesting replacements, '

The Heath Company will prompily supply the necessary replacement. Please do not return the
original compongnt until specifically requested to do go, Do not dizmantle the component in
guestion as this will void the guarantee. If tubes are to be returned, pack them carefully to
frevent breakage in shipment as broken tubes are not eligible for replacement. This replace-
ment policy does not cover the free replacement of parts that may have been broken or damaged
through careleasness on the part of the kit builder.



CIRCUIT DESCRIPTICN

The Heathkit model V-7A VTV is intended for ise by service men, engineers and maintenance
fmen to make accurate measurements of DC+, DC-, AC RMS3 values, peak-to-peak values and
registance measurements. Its usefulness is in the measurement of voliages and resistance in
radio and TV work, laboratory usage andany application requiring the rapid, accuraté measura-
ment of electrical functivns, The design is simple yet rugged wilh complete versatility in com-
bining the functions of many instruments in one.

This inslrument employs vacuum tubes in all measurement functions to insure good sensitivity
and stability.

The sensitive 200 microamp meter movement is placed in the cathode circuit of a 12AUT twin
triode. The zero adjust conirol sets up a balance between the two sections of the triode such
thai with the zero input voltage applied tathe first grid, the voltage drop across each portion of
the adjust control (from adjust arm to one side and adjust arm to the uther side) is the same.
This being true, the meter reads zero. With a voltage applied to the first grid, the balanece in
the cathode circuits is upsetand the meter indicates. The relationship between the test veltage
applied to the first grid and the meter indicating current is linear and therefore the meter is
calibrated with a linear scale. The advantage of having the meter in a vacuum tube cireuit of
this kind ig that the voltages to be measured are not applied directly to the meter put rather to
the tube. Because the tube i limited to the amount of current it can draw, the meter movement
is electronically protected.

The maximumn test voltage which is applied tothe 12AU7 tube is about 3 yolta. Higher test vol-
tages are redueed by A voltage divider which has a total resistance of 10 megohmg. An addi-
tional resistance of 1 megohm is located In the DC (est prod thereby permilting measurements
to be raade in circuits carrying RF with a minimum digturbance of such circuita.

On AC measurement functions, a BALS duc-diode is used as a full wave rectifier to provide a
TC voltage proportional tothe applied AC voltage. This DU voltage is applied through the volt-
age divider string to the tube causing the meter to indicate in the manner previously described.
The AC voltage scales are calibrated in both RMS and peak-to-pezk values. In the L.5, 5, 15,
50 and 150 volt positiong of the range switch, the full AC voitage belng measured is applied to
the input of the 6AL35 full wave rectifier. On the 500 and 1500 volt positions of the range switch,
a divider network reduces the appiied voltage in order to Limit the voltage input tothe GALA Lo a
safe recommended level. Under normal conditions of usage, it is not possible for voltages in
oxcass of 150 valts o be applied to the BALS. This design feature further protects the tube and
its associated circuits. CAUTION: Accidentally applying AC voltage in excess of 400 volis with
the RANGE switch set ut 160 volts or lower, will invariably ruin the BALS tube. Always use a
higher voltage range and then switch down to a near full scale range.

The AC calibrate control is used 8o ag to obtain the proper meter deflection for the applied AC
voliage. Vacuum tubes develop a contact potential between tube elements. Such gontact poten-
tial developed into the diode would cauge a slight voltage to be present at all times. This volt-
age is cancelled cut by proper application of a bucking voltage, The amount of bucking voltage
is controlled by the AC balance control, This eliminates zerc shift when switching from AC to
DC.

For resistance measurements, a 1.5 volt battery is counected through a string of multipliers
and the external resistance to be tested, thus forming a voltage divider across the battery. A
resultant portion of the battery voltage is applied to the twin triode. The meter gcale 15 call-
brated in resistance for this function.

USING THE VTVM
The VT'VM has many advantages over the non-elecironic volt-ohmmeters, The greatest advan-
tepe is the high inpul resistance. This enables much more accurate readings to be obtained in
high impedance circuits such ag resistance voupled ampliliers, oscillator grid circuits and AVC
networks.,



To illugtrate this, let us assume a resigtance coupled audic amplifier with a .5 megohm plate
load resistor operatingfrom a 1082 volt plate supply. Let us assume that the plate volitage is 50
volts and therefore the tube acts as a .5 megohm regigtor. Measuring the plate voltage with a
conventional 1000 chm per volt instrument on the 100 volt scale, the meter can be considered
a 100,000 ohm (.1 megohm) resistor in parallel with the tube. The voltage on the plate is then
about 14 volts and 18 shown as such by the meter. This ig due tothe shunt resistance of the low
resistance meter. Using the VTVM cn any acale setting, the full 21 megohms iz placed in par-
allel with the tube. The voltage on the plate is then about 49 volts or 2% lower than the normal
operating voltage. Thus accurate readingcan be obtained only with the high resistance provided
by a VTVM.

L
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CIVIDER BECOMES .5 MEG. IN SERIES WITH -g-_H— = 083 MEG,
PLATE VOLTAGE BECOMES .'5&%33" 100 = 143 VOLT

DC VOLTAGE MEASUREMENTS

To measure DC voltage with the VTVM, connect the common (black lead) to the common or
"ecold" side of the voltage to be measured. Set the gelector switch to DO+ or DC- as required
and set the range switch to a range greater than the voitage 1o be measured,if known, I un-
known, set to 1500 volts. With black test prod, touch other or “hot" side of the voliage to be
meagured. I the pointer moves less than 1/3 of full scale, switch the range switeh to the next
lower range. For greategt measurement accuracy, ail voltage measurements should be made
On a range position which permits at least 1/2 or 2/3 scale deflection of the meter pointer.

The voltage ranges selected for the VTVM are intended to provide convenient coverage for the
radio and TV gervice man. For example, the 1.5 volt range will be ugeful in measuring bias
voltages, DC heater yoltages, etc. The 5 and 15 volt ranges will again prove thelr worth in
bias measurement functiong., The 50 and 150 volt ranges will find greatest application in the
measurement of yoltages encountered in wniversal or transformerless type radio circuits. The
500 volt range can be used on conventional transformer operated power supplies found in radio
and TV circuits and this voltage range eliminates the necegsity for switching from one rangeto
dnother when measuring plate and screen supply voltages. On many occasions, the higher volt-
age ranges will prove useful.

DC accelerating potentials developed in TV receiver flyback power supply systems canbe safely
measured through the use of the Heathkit High Voltage Probe, in conjunction with the VTVM .,
Thia probe with its precigion multiplier resistor mounted in a safety plastic prabe housing will
provide a multiplication factor of 100 for the VIVM DC ranges. 30,000 volts DC is generally
congidered the safe upper Hmit for these measurements.



AC VOLTAGE MEASUREMENTS

To measure AC voltage with the VTVM, connect the common {black) lead to the common or
reold” side of the voltage tobe measured. Bet the selector switch to AC and set the rangs switch
to a range greater than the voltage tobe measured if known. Tt unknown, set 101500 volts. With
the red tegt prod, touch the cther side or "hot" side of the voltage to be measured. If the meter
moves less than 1/3 of full scale, switch tothe next lower range. The maximum AC voltage that
can be safely measured with your VTVM is 1500 volts, and this limit must not be exceeded.
The meter scales of the V-TA are calibrated inbolh RMSand peak-to-peak voltages. When values
of sine waves are measured, RMS voliages are read and the corresponding values in peak-to-
peak volis are equal to 2.83 times the RMS voltage. If the Tange switch is set at 15 volts and a
sine wave of 10 RMS volts ig applied to the instrument, the meter pointer will indicaie i0 RMS3
volts and 28.3 peak-to-peak volts. This direct-reading time-gaving feature makes the usual
calculation to transpose from one gcale to another unnecessary.

The Heathuit VTVM is an extremely sensitive electronic AC voltmeter and as the human body
picks up AC when near any AC wires, the meter will indicate this pickup., Never touch the AC
prod when on the lower ranges. Zero should be set with the AC prod shorted to the common
clip. PBecause of this characteristic of extreme sengitivity, it ls possible that the accuracy of
AC tmeasurements on the 1.5 volt scale only may vary as much as 15% and thig possible devia-
tion should be taken into ¢consideration. On the remaining rahges, the accuracy should be well
within the 5% specified.

CAUTION: It is good practice to observe certain basic rules of operating procedure anytime
voltage measurements are to be made. Always handle the test prods hy the insulated housing
only and do not touch the exposed or tip portion. The metal case of thia instrument is comnected
to the ground of the internal circuitand for proper operation, the ground terminal of the instru-
ment should always be connected io the ground of the equipment under test. There is always
danger inherent in tegting electrical equipment and therefore the user should clearly familiar-
ize himself with the equipment under test before working on it, bearing in mind that high volt-
ages may appear at unexpected points in defective eguipment.

When measurements are to be made at high voltage points, it 1s good practice {0 remove oper-
ating power belare connecting test leads. If this is not porsible, be particularly careful Lo avoid
accidental contact with nearby objects which could provide a ground return path. When working
on high voltage circulis, play safe, keep one hand in your pocket to minimize accidental shock
hazard and be sure to stand on a properly ingulated floor or floor covering.

Voltages encountered in the measurement range of this instrument are seldom lethal in nature
but the secondary eifects can be guite serious; such as involuntary reaction causing a fall or
bodily infury ag an indirect result of shock hazard.

RESISTANCE MEASUREMENTS

To meagure resistance with the VTVM, connect the common {black} lead to one gide of the res-
istor or eircuit to be measured. Bet the selector to ochms and set the range switch to such a
rangethat the reading will all as near midgeale as possible. Bei the ohma adjust control sothe
meter indicates exactly full scale (inflnity on ohms scale). Then touch the red test prod to the
other gide of the registor or circuif to be measured. Read resigtance on chmg scale and multi-
ply by the proper factor as shown by the range awiteh settings.

NOTE: Although a battery is used to measure résistance, the indication ig obtained through the
electronic meter cireult and therefore the VTVM must be connected to the AC power line and
turned on. Establigh the hakit of never leaving the instrument get in the obma position as this
could greatly shortenthe life of the chmmeter battery particularly if the test leads are accident-
ally shorted together when lying on the service bench.



USING THE VTVM DECIBEL SCALE

Because the human ear does not respond to volume of sound in proportion to gignal strength, a
unit of meagure called Lthe "bel" was adopted. The bel 13 more nearly equivalent to human ratios.
Normally the reading is given in 1/10 of a bel or a decibel. Vartous signal levels are adopted
by various manufacturers as standard of zero decibel. The Heathkit VTVM DB scale (decibel}
uges a standard of 1 milllwatt into a 600 ohm line as zero decibels. This corresponds to .74
volts AC on the 0-1.5 volt scale. From this figure, the various AC ranges of the VTVM may be
converted to DB by the {ollowing chart:

AC VOLTS SCALE DECIBEL SCALE

0-1.5 voltg Read db direcily

0-5 valis Add 10 db to the reading
0-15 volts Add 20 db to the reading
0-50 volis Add 30 db to the reading
0-156 volts Add 40 db to the reading
0-500 volts Add 50 db to the reading
8-1500 volts Add 60 db to the reading

Ag the decibel is & power ratio or voltage ratis, it may be used as such without specifying the
reference level. Thus for instance, a fidelity curve may be run on an amplifier by feeding in a
signal of variable frequency but constant amplitude. At a reference frequencyof say 400 cycles,
adjust input to give a convenient indication {zero db for instance) on the VTVM connected to the
output. As the input frequency is varied, the output variation maybe noted directly in DB above
and below the gpecified reference level. NOTE: When measuring complex AC wave shapes ,
such a6 ripple, hum, digtorted and square waves, the indicatton ta 35% peak-to-peak.

READING THE METER SCALE
The voltage markings on the RANGE switch refer tothe full seale reading. The scale is marked
0-15 and 0-50 for voltage. On the 1.5 volt range, read the 0-15 scale and move the decimal one
place to the left. Thus for example, a reading of 8 would represent a voltage of .8 volts. On
the 5 volt range, read the 2-50 scale and move the decimal point 1 place tothe left, that is, drop
the zero, A reading of 40 volis would represent a voitage of 4 volts. On the L5 volt range,
read the 0-15 scale directly. EXAMPLE: A reading of 4 volts repregents a voltage of 4 volta,
On the 50 volt range, read the 0-50 volts directly. On the 150 volt range, read the 0-15 scale
and add one zero. EXAMPLE: A reading of 12 represents a voltage of 120 volts. On the 500
volt range, read the 0-50 scale and add ¢ne zero. EXAMPLE: A reading of 40 repregents a
voltage of 400 volts, On the 1500 volt range, read the 0-15 gcale and add two zeros. EXAMPLE:
A reading of § represent3 a voltage of 800 volis. - -

NOTE: Thiz marking does not tneanthat the up-
per scale indicates DCVand the lower scale ACV.
Rather it meang that either secale will read ACY
or DOV depending on the setting of the SELEC-
TCOR switch.

The resistance marking or chms scale refers (o {‘ig"};
the lowest resistance range "EX1." For the other Toae AR -
ranges, add the proper number of zeros, Add
two zeros for HX100, four zeros for RX10K and Frathiol "Rl Faldmried
gix zeros for RX1 MEG. Onthe RX1 MEG range, 1
the scale can algo be considerad to read directly
in megohms. Figure 12

) ACCURACY
The accuracy of the meter movement is within 2% of full scale which meana that on the 10409
valt range, for ingtance, the accuracy of the movement will be within 20 volts at any point on
the scale. On DC, the accuracy of the multiplier 1% may be additive resulting in an inaccuracy
of within 3% of full scale.
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On AC, the accuracy of the rectifier cireuit contributes vartations which result in accuracy of
within 5% of full scale. Bear in reind that on the lowest AC voltage range the 1.5 volt full seale,
extreme sensiilvity will introduce additional variation through stray pickup. Therefore, on the
1.5 volt range, it is possible that the accuracy may be in the order of 15% on AC only.

The accuracy on the ohms range depends on the meter accuracy, the chms multiplier accuracy
{including the internal resistance of the batteries) and the stability of the battery voltage. On
the RX1 scale, the internal resistance of the batteries and the batiery voltage both varvas a
result of the current drawn by the registance under test. For greatest accuracy, tests on low
resigiance values should be made as quickly as possible. On the higher ohms range, the accur-
acy depends praclically on the multipliers which are 1% and the meter movement accuracy, 2%.
Becausge of the non-linear ohms scale, the resulting aceuracy is not readily expressed in a per-
centage figure but greatest accuracy is obtained at mid scale readings.

NOTE: When comparing this instrument with another instrument, consider that the accuracy of
the other instrument may deviate in the opposite direction. Therefore, when comparing two
instruments of 3% aceuracy, the total difference may be 10%. Critical comparisons should only
be made against certified laboratory standards.

MAINTENANCE

With any electronic test equipment, there is always a possibility that repairs may be required.
Information regarding the procedure to be followed can be helpful in the event that the need ior
service should develop. Thig information may eliminate the necessity for returning your VTVM
to the Heath Company Factory Service Department. Bear in mind that the Factory Service De-
pariment was established for the convenlence of kit builders who experience difficulty in obtain-
ing specified performance from thelr kit instrument. It is not operated ag an instrument main-
tenance service, as the kit huilder is gualified to make necessary repairs through his familiar-
ity with the instrument, circuits and design. In event specialized replacement parts are required,
they can be oblained from the Heath Company. The majority of eemponents used are standard
items available from your local parts supplier.

METER: Because of the delicate nature of the meter movement, ho attempt should be made to
repair the meter. Such aitempts wonld automatically void the standard warranty coverage of
the meter itself,

METERE COVER: In event the polystyrene meter cover is accidentally damaged, a replacement
cover only is available from the Heath Company. This cover can be easily removed without
detaching the meter from the panel. Usea small serewdriver or knife blade under cne of the
upper corrers and pop off the friction fit cover. When installing a new cover, precaution should
be observed regarding proper engagement of the mechanical zero adjust stud. ¥ it is necessary
to expoge the meter movement to air for a pericd of time, protect the movement [rom foreign
matter, dust, etc. by enclosing the instrument in a box or poasibly a desk drawer.

ELECTROSTATIC CHARGE: The polystyrene meter cover has been treated to resist an accu-
mulation of atatie electricity. However, should a staric charge accumulate through repeated
polighing or cleaning of the meter cover, the pointer will deflect in an erratic manner, regard-
less of whether the ingtrument is furned off or on. This condition can be guickly correcied.
Obtain a small botile of "GLIM," a commercially available dish-washing detergent. Apply a
small quantity, of Glim to a clean, soft cloth and wipe the surface of the meter cover. The ac-
cumulated electrostatic charge will immediately disappear. It is not necessary {0 remove the
cover [or this correction.

IMPROPER USAGE: Accidental improper VIVM usage, such as attempting to measure AC or
DC voltage while the SELECTOR switch is in the OHMS position, will invariebly regult infallure
of the 9.1 & resistor, A replacement 9.1 Q 5% resistor can he obtained from the Heath Company.
A symptom of reslstor failure will be slow upscale drifting of the meter pointer while the SEL-
ECTOR switch is in the OHMS position and negligible effect of the chms adjust control.



It is possible for other gxamples of improper instrument usage to result in the failure of une or
more precision raesistors in the voltage multiplier string. The aymptom of this difficulty on
either AC or DC voliage measurements will be inability to obtain proper zero adjust action and,
of course, incorrect voliage readings. Precision resistor failure would result in an open grid
circuit condition of the 12AU7 tube.

CHECKING METER COIL CONTINUITY: In event failure of the meter coll is suspected, the
continuity canbe determined by observing the following precaution. NEVER check meter move-
ment continuity directly with another ohmmeter. The amount of current drawn will sericusly
overload the meter coil and will certainly regult in a definite open circuit condition. Alwaya
uge a limiting regigtor ln geries with the chmmeter test leads. The value of the resistor will
depend upon the ochmmeter battery voltage and ragge on which the chimmeteris being used. Al-
ways use at least a 10,000 D resistor in series with the VITVM meter coil and the ohmmeter test
leads.

Just remember that anytime your VTVM should need servicing, the trouble-ghooting procedure
is quite logical and shouldnot present a problem. I posatbie, use or borrow ancther instrument
io measure operating voltages or to make ohmmeter contimiity checks. Proper operating voli-
ages for the VTVM are shown on the schematic and deviations of +15% are entirely acceptable.
Always be sure that the tubes used in the instrument are in good operating condition and they
may be checked either by substitution or with a tube checker

Because of their congtant flexing during uge, the test leads are not above suspicion, especially
when the ¥TVM has been in use for several years. KErratic or improper DC voltage measure-
ments can sometimes be caused by a fault in the black shielded tegt. lead or in the connection of
the 1 megohm isolating resistor used in the teat prod.

Your VTVM has been designed to fulfill service requirements encountered in dally usage. It is
capable of continuous daily service over a period of several years and it should be accorded the
same degree of care in operation that would be given to any ptece of {lne egquipment.

CENTER SCALE "0" POSITION

Your V-TA VIVM featureg & convenient center seale zero pogition. The adjustment range of the
panel ZERG ADJUST control will permit center scale zero deflection of the meter pointer when
SELEC TOR switchis set to DC+ or DC-. Center scale zero may not be obtained at both poglifons.

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

HIGH VOLTAGE TEST PROBE KIT 4336 - $4.50

A high voltage test probe in kit form is available from the Heath Company. This prehe will
permit VTVM DC measurementis up to 30,000 volis, which covers the range of flyback power
supply voltagea commonly encountered in TV receivers. Probe consists of red meolded housing
with black molded handle. Contains 2% precision, 1090 megohm resistor and provides DC range
multiplication factor of 190 Ior 11 megohm Input VTVM 3.

RF¥ TEST PROBE KIT #309-C - $3.50

A kit form RF test probe is availahle from the Beath Company. This probe will permit VIVM
usage for RF measurements up to 30 volts substantially flat from 1000 cycles to 100 me. Buili-
in igselating capacitor permits DC voltage range up to 500 volis. Uses printed circuit board for
easy assembly and housing is of polished aluminum with polystyrene insulation.
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SPECIAL NOTE

The terminals of the 9-pin minjature socket supplied in this kit are slightly longer than they
need te be. There is a chance that one ¢f the terminals might bridge across the wiring pattern
and canse a short circuit. The terminals should be ghortened before the socket is installed.

Clip about 1/16" from the end of each of the nine terminals on the socket and it can be installed
without danger of a short circuit.
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