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For less than the price of many tran
sistor muitimetcrs, you can now build 

your own real digital volt-ohmmeter. 
Gone forever will be your days of having 
wobbly meter pointers, reading the wrong 
scaies, or trying to read accurately from 
a cramped and highly nonlinear ohms 
scale. There will be no more problems 

caused by YOM circuit loading or bent 
or broken pointers resulting from circuit 
overload. 

You can just clip the DV:M to your 
circuit and read volts or ohms as they 
brightly and unquestionably pop up on 
the front panel of the instrument. Just 
clip and read-instantly! It's that simple. 
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Fig. 1. Ohmmeter current reference and V IF con· 
verter circuits shown make up a single PC board. 
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This DVM is no slouch on performance 
either. It has better than :!::1 percent 
accuracy over most portions of the sev
en available scales. It is self-zeroing 
and automatically self-calibrating. Three 
voltage scales, 0-2, 0-20, and 0-200 volts 
are provided, each at reasonably high 
impedances-in fact, you can read down 
to 10 millivolts with ease. Four ohm
meter scales, useful from one ohm to 
over 200,000 ohms, are also available. If 
you like, you can easily add extra outside 
circuits to measure digitally anything 
you can convert into a 0-2-volt d.c. sig
nal, including a.c. voltage and current, 
d.c. current, speed, and temperature. 

Like its far more expensive brothers, 
this OVM is a multiple-slope integrating 
device. This means it averages the input 
signal over a relatively long measuring 
time. It's done in a way that automatical
ly rejects all a.c. line-induced hum and 
noise and also eliminatcs practically all 

V/F MODULE PARTS LIST 
C 1-IOO-sU, 25-t'oll dtclToly/ir cl1tt1cilo, 
Cl-d./·p', J5.:-01l MY/II' 0' /""/11("'" ("ttlCilD' 
CJ--t).OQI8-sU, 50-uDil JJy/or D' pDlyllyrcnt: CI1-

puilD' (see fez') 
C-I-I-/lF ckc/rD/)'lic copadlor 
DI, DJ, DJ-/.Y914 silicoll allnpnlr, diDdt: or 

eQMil'alcnl 
D2-IX4750 1_",,,11, ];-\'0(1 :",,, diodt 
Dol, D6--JSUJ4 /· ... ·1111. 5.6- ;, 011 !fllcr diodc 
OI-TTI1I1S;sID' (MoloTo/a M I'S652 J, do 1101 ,"b-

s/i/Il/c) 
Q2-TTQIIsiaI0, (.11010To/a M /'S6523, do no/ sub· 

• ,iIUlt) 
OJ-Q5-T'dllsiJlor (Mol",o/a M I'S292J) 
Q6-U"ijllllclio,/ /ToRs;Jlor r1'o;u I"sl'�melll' 

1·IS4J,do 1101 sds/i/tlle) 
R I JO'",CID" ... 
RJ-68-DIm. 
IN-JJ-IIIcfollm 
Rj-!700·"Ir", 
H6-080.oo0 ... lIm 
R,- 100.000'011 ... 
R8-JJOO·Dfrm 
R9-47oo,Dfrm all ,tsislD" 
RID-JJO·DII... H,wl1// 
RIJ-IZ-4ltm 
RI2-6800·,,/lm 
RI-I-IOOO·oltm 
RI5-590-"Im, } 
R 16-5900·"/",, I'" p,ccisloll 
H 17-60.400.a"'" ttl 
RIS-56J.000·ollm 
R!-/O.OQO·o"'" l,immC' po/c,,/io"'tUr (CTS 

Iype U-201 D, si",i/flr) 
R IJ-!50-lJ1/n, /rimmcr poleulial/lc/cr (CTS Iypt 

U101 or similo, J 
Mist.-r z J- �{" PC h"rd. PC lo",b/Dlt ." 

('flielJ (1-1) (Dp/iDHfll), II/M/I/;nM/I/ /l/DMnlilll 
b,odd (set Fit., 11) witlllt",d...,art, sDld�,. 

XDlc:-Tllc /o//(YoL'i"l IT, flt'oi/dle /'Dm So,"'" 
UlCs/ Tul/nit:DI P,odlfrls, 219 IV. RilDpsody, 
Sltn ,J"tDnill. Tens 78216: tidied "lid dTilled 
prillled ei""it boa,d, #1J5V, U.15; eD",plct, 
kit D/ fill "bDI>' Ttl/Hired P",IJ, :;:CI1,155, $16 
poslPflid ill USA. 
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other high-frequency noise that may be 
present. The instrument is essentially 
"blind" to 60·Hz hum and only measures 
the d.c, component of the input, even if 
hum or noise is present. All this is done 
automatically-all you do is watch a con· 
tinuous output display that updates its 
readings fifteen times a second. 

While not a beginner'S project, the 
extensive use of integrated circuits 
makes the construction of the DVM rela
tively straightforward and easy on a 
module-by-moduJe basis, A complete kit 
is available as well as individual circuit 
boards, dialplates, and individual module 
kits. If you'd rather build things on your 
own, all parts are obtainable on the 
market, and complete preparation details 
of all the circuit boards are given here. 
Either way, when you're done, you'll have 
a real DVM-at a fraction of the cost of 
commercial equivalents and with perfor
mance untouched by anything analog. 

Construction. The project has been 
broken down into five modules plus the 
case and some panel components. Module 
1 is the voltage·to·frequency (V/F) con· 
verter. Modules 2 and 3 are decimal 
counting units (DeU's) described in the 
February 1968 issue of POPULAR ELEc· 
TRONICS, or you can use the improved, 
low-power versions described in the Win· 
ter 1969 ELECTRONIC EXPERIMENTER'S 
HANDBOOK . 

Module 4 is the gate circuit, which 
simultaneously provides the 0, I, and 
overrange counting needed to complete 
the digital display, Module 5 is the pow
er supply.-

It is best to construct each module 
separately following the details very 
carefully. Each module has its own parts 
list and schematic. If you prefer to 
purchase circuit boards or partial kits, 
details are given in the parts lists. 

Voltage/Frequency COltVerter, This 
circuit, shown in Fig. I, is the "heart" 
of the DVM and converts the input d.c, 

*llllporLCIII/: The cireultlt labeled G�D /hmM"hoM' 
thi. projt:d are Not IIc/""I/.II gnllflld eOllncdi<>NIt 
IllId .ho.dd IIOt be cONNe.-ted /0 the ,ntLDI "'M. 
They aro ",mmo" ('OIINcctloll, ",n.titKUllP <I" hl
diddual clreuit <Iud orollHdinu them to tho CII,O 
may prQdllOO cireulalill" CNrr'nL. 100lIleh IIIu:rlt:1'fI 
wilh. Iho OpCr<lt/(m 0/ 11'0 "U'ILer. The ",ctal caM 
./toNld bo ellller 10/LjJootlNg or coNnttted to lI,e 
811' ler",IIIal Oil "'e V F IIIOdlilo. TI,� I. 0110 aide 01 
tl,c iNPNt alUNal ,,,,d I. fln,wlly Iht: ro/crettCO PO",! 
lor 1110 8.111110"'. 

" 



signal to a series of pulses that are 
counted by the DCU's. 

You can purchase the prinled·circuit 
board for this module or you can make 
one using the actual·size layout shown 
in Fig. 2 and following the drilling de· 
tails of Fig. 3. File or multiple·driIJ the 
slots required for the two trimming po. 
tentiometers (R2 and Rl'). If you wish, 
you can add optional terminals or eyelets 
to make wiring easier. 

Components are installed on the board 
as shown in Fig. 4. Be sure to install all 
semiconductors properly and double· 
check electrolytic capacitor polarities. Be 
especially careful not to interchange R2 
with R13. 

Gate Module. This is actually the con· 
trol center of the DV1t:. The start and 
stop signals for the V IF converter and 
the reset signals for the various count· 
ing circuits are generated in this module. 
The schematic for this module is shown 
in Fig. 5. 

A printed·circuit board is suggested 
for this module. You can purchase one 
(see Parts List for Fig. 5), or you can 
etch and drill your own following the 
actual·size layout shown in Fig. 6 and 
the drilling information shown in Fig. 7. 
Don't forget to install the two jumpers 
on the component side of the board as 
shown in Fig 7. Do not use a drill larger 

J2 

On the cover, iust behind the 
Diaitlll Volt·Ohmmeter, can be 
seen another ad�anced elCperi. 
menter's test set using PoPULAR 
ELlCTfIQ,UCS' low-cost digital read· 
oot (see our Februal)' 1968 issue 
or the 1969 Winter Edition of 
ELlCTflQNIC UPlRIM£NTER'S H ... No· 

IIOO�). This particular unit is a 
frequency coonter capable of indio 
cating fro m 1 Hz to 2 MHz in five 
ranges. It is now in the final design 
stage and complete construction 
det.lIs will appear in a forthcom· 
ina issue of this magazine. 

Fig. 2. If you make your own V/f 
convert.r·ohmmeter current ref· 
erence PC board. carefully copy 
this actu.l·size etching guide. 

(�T TO $>.OIT RZ. RIJ 

fig. 3. Place etched and cleaned 
board foU·side up on a block of 
scrap wood. carefully locate and 
mark hole centen;o and drill all 
the way through from foil side. 

,,16OA .. LUOI-AOO "C TlRoo'""L! OA lTtLElS" DU'AfD (O.llON�LI 

,. 

than #67 for the IC mounting holes. 
Optional eyelets or PC terminals can be 
added where indicated. 

Mount the components as shown in Fig. 
8. Use a low-wattage soldering iron and 
fine solder when mounting the IC's. The 
rectangular IC's are identified by a notch 
and dot at one end, while the round IC's 
have either a fiat or a dot at pin 8. 

Power Supply. The power supply is 
not assembled on a PC board, but is 
wired point-to-point at one end of the 
chassis. The schematic is shown in Fig. 
9. A conventional tube· type transformer 
is used. The 250-volt, center-tapped sec
ondary has two functions. It provides the 
125·volt a.c. reference, and its output is 
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HOW IT WORKS 

v I F CONVERTER 
The block Iliagram fot Ihl, mooule HIlI�ars 

h�re \l'hil" Ihe c"mplcl� scl,,'ulatic b showo ill 
Fill. I. Th" "a"dorm, lire h)cd 10 thl Il<!i!\l5 
�hown on 11"·lli�loI:rams. 

The O-l·v"lt input irom Ihe lunclion srlte!or 
is sllbtnlcl�-d irom a +27·,'olt supply g�neratl'o.l 
by Ihe J>ow"r �aJlJ,Jy m()duic anti rckulnl<�1 by 
z"n�r diode D2, Thus Ille inpul ,'olt:o�� at the 
\'/1' converter aclunll)' ,'ar;6 Crom +li 10 +15 
vohs a� Ille in,lrumclll ;nPUI )lOI'S irom 0 to +2 
volts, .role l/iul {III ;"P'" ,;,,,at, uu '(/etC/Ie<-tllu 
+Z7 l'o/Is a,,,/ 1/01 10 Ilic P""'u supply ''''''''''0'' 
((;XIJ), 

mode D4 provides rever"" I)ubrit)' nnd (Wer
load j"ot<'Ctiorl for the circuit. Transislor QI is 
'In emiuer iollo"'tr lh:il pro"ides a hij!.11 input 
im!>Cdance, Tr:""i�tor (JZ is n compltmentnry 
emiller iQl1o\l'�r lbl l>l,,:ks out the uii;;ct l>roollced 
b)' OJ and cau;;/.'S 11 ,'o!t,llol:e idenlical 10 the input 
,'()Ital(c 10 al)IX';[f :lcrO;!;! HJ :lIul the frnnl·panel 

C,\1. 1.35 cOlltrol. The current IhrOl'loI:h IlIe,c rC_ 
.i;;h>r� Can I.>e set ior :1 conslant inpul v"II��c by 
adju�ting the t:.\J. 1,.15 control. J'r:lctie�II)' Ihe 
�:uue eum�-11l "l>t>e"r� nt 01'� coll<'1;IOr :IS nows 
through RS �nd Ihe C,\L 1.35 control. Transi�tor 
OZ'" output curr�nt i� th�n I"'lr>orl;onal to Ihe 
Origin,.1 illJlut ,-o\tage, Transislor 02'5 OUiput 
currcOi dri\'/'S a con\entional U"ijunction sa\\'
looth o",iil1<lor cOllsistill,IC of UjT 06 and inte_ 
gralin;: capacitor (.'3, ,\ scri/'S uf j>lll,es at IJ/ of 
OZ "hmWd in {rrQu,.1Icy as the inpUi "uit�/Ce 
chanJlt':! iu amp i/1It1C. TheS<! (1lIlput IHtlses arc 
sent to the 0·199 digilal colilltcr amI display 
module�, 

The UJT oscillalor is turned on and ofi by 

","P[OANCE ",,----------., �.TCH(A DC ""PUT FROM 01 FUNCTION 
SElEC10fl 

I(atinl( \r3n,i,lor QS, 'fhis transi:;tor is Ilriven by 
the (O:lIe module and :,)10\\'5 the oscillator to run 
lor 16,/ milli;.('<:ond, and then shorts it out for 
the Iw.q 50 milli.cconds anti keel>S thi$ up con
linuuu,ly, n..:yclin� 15 limes a sl'Cbnd, The Ire· 
'lucile), J)rouuccu by the �dll;llbr is dClcrmin�-d 
by Ihe inJlut ,ultage, fhe lime Ihis IrC<lueucy is 
jJr"'lu�.'d is d,'lerm;nrcl unly by Ihe Gale module 
and (H, As a rl:,",ll, Illc u.cillawr j!.cncrates 0 10 
I\I'J pul5l.'S for a 0·1.99-\'011 input signal, once 
'-:I�h lIl�a�urcmcllt inlcr\'�1. Tbis is holY Ihe 
dil(ilal tlisptay alll>C:lrs 10 lie reading Ihe actual 
,-,ttue 01 the input siRna!. 

rh"re would I.>e a slighl lil\c�rilY problem if 
�h" currClit on {lZ were nllo\\'c<! 10 �o down to 
,"�ro, Thus a lillie morc �millcr voltage (about 0,3 ,-oit<) is :"ldt�1 by Ihe (ronl·pane! Z£RO po. 
Icmiomctcr to rtmo,'e a COrrt'spomlingly conSlant 
amounl of collectM currcnt (aboul 100 micro· 
aOll�res) all Ihe lin,." Thi� shifls Ihe operatinp: 
Il<lint o( QZ 10 a more linear r,'!(ion but still leIS 
0·1 ,'ol1s oi iQI)1I1 produce 0-200 pulses ller 16,7 
II1illiSt.'Conds al Ih� <lUII'III, 

The e"ua 100 microamperes of currcnt is 
"dul1!jl<'d" into Ihc collector oi QJ, which is biased 
10 act a� a currenl sink, 

The tUrr,"ll suurce lor the ohmmeter is also on 
Ihe "/1' bIlaroJ, but il is a (omll/elcly �parnle 
circuil, The colleclor current 01 tr,�nsislor Q3 
i� either 0,01, 0,1. I, or 10 milli'UIlLl<'res. dCI�nd
itlg un thl' rcsi�tnr ""lecH�1 ior its Pilliltcr circuit 
(#15, KIf!, RI7, or H18). Thc�c re>iSlOrs are 
nOi <,uile decade multillles of each Olher, be
eaUoe Iltey compCI\,.�IC for sll)(lu circuil nOIl
lintarilies, 

Iklse cnrrenl lor Q3 is rc�ulal�d by Df!, tem
j"'raIUre-coml�nsalcd by /)5, and adjusted o\'cr 
a lim;t,�1 ranlle by HI3, Rd;>lor 1<14 pre",'ms 
",dilation bm otherwise docs IlOt nffecl the OUI
put current. 

.\lan�· hours oi d�ip:n went into this Illlrlicubr 
\'/1' circuit, "hkh is (ar less uj>cns;,'C than the 
usual operational·aml)lifler V/l' com'crters uoft! 
in commerci�1 I(ear. It iJ of utmost imporlance 
thaI you neilher ;;llb�lilule tran�i$to"" for 01, OJ, 
or (M, nOr aU('mpt any mOllirlcnlion of Ihe cirCllil 
unll'sJ )'011 con�id�r yourself an e�l>Crt il) analog. 
10·o1il:i131 con,'crtu d�sign, 

CVRREH T · 
S£OISrTtv£ L ________ L _________ � COUNT PUUES 

OSCILLATOR! TO IINIlS DCIl 

, 
"AU 'NPIIT > ______ c'L ___ 1 'AO .. G.UE 0 1 
"QDU�E 

, 
GUE 
MOOULE 
INPUT 

so INPUT SIGNAL 
lEAO PAOP[IIt.Y 5[1 

" J1 OSCILLATO R L ________ _ WAVEFOR.. _ 

, 
OVTPUTTO __ _  c:-CCCCC,-__ __ 'O ..... TEII 

" 0 COUNTS 

" 
" 

NO ,,.., ... T SIGNAL 
ZEIIO TWO COIiNTS 
HIGH 

"LJ L 

II 
TWO COIl�lS 

l' CAN S( 1II[.5VA[0 ONLY IIIIIH 10" SCOPE PRoe E 
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Fig. 4. Avoid accidental· 
Iy interchanging R2 and 
R13. AulhOl'" prototype 
is shown In photo, right. 
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Fig. 5. This Gate mod· 
ule circuit is the basic r.t\:W (:�AN�( 
timer lor the DVM. \!P' 
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OANG u 

ov COUNTAST 3eVGATE GND 

also rectified to provide a 30-volt d.c. 
supply, Resistor Rl is a voltage dropping 
resistor which dissipates a large amount 
of power and must be located where the 
heat produced will do no damage. 

The power from the "filament" wind
ing of Tl is rectified to provide 6-volt 
and 3.6-volt d.c. supplies. Rectifier 
RECTI is a full-wave bridge. Capacitors 

GATE MODULE PARTS LIST 

Cl-1-p}-', 11-:'011 t/ul'oiyl;, cop.orifo. 
C1-1Q()-pF, 10-'I10It electrolytic uplldto' 
CJ-O.l-/l.I', 10'1'011 UUNlit: disc c"p.dl", 
C-I�,OO I.,.I', 50-1'011 Mylu. ,,,pllrito' 
C5-0.1.,.,,' cllpudto. 
1)1-1.\'914 IWeo" c"mpllier rJimk 0' cquil.lIlI,"1 
11-/J-6.J_,'olt, 50'''1.'1 pilot lomp ""d ICHS �J_ 

scmbiy, Iwo orO"l' 11",1 0'''' ud (So"tltwul 
Tld,,;,,1 i'rod",/s #0·6.J "",1 ;;R·6.J rupecIh'dy, ,,, rq,,;l:IIkHI) 

IC l-flllll'llled clrCllit (Jiolo,olo .I/C7S9P) 
IC1, ICi-llltclulcd ci.,,,;t (.1/,Horolo J/C790P 

0 • .1IC7911') 
fCJ-I"'q.ule,1 (i,cu;1 (,,'oirckllrJ ,.1.91-1) 
fC-l-I"ICt''''cd cir",il (FoirrMfd jJL900) 

(l1·QJ-1XJ/19 IrQllsislor 0' MotoMI" .111'5292J 
RI-110,OQ()·olt .... *-w<lll ,,.,i,/or 
Rl-1Q()O_oIIlN, }i'U'1I11 ,uis!or 
RJ-JJQ(),o/uII. Y.i.f/.'gl/ rC/islor 
R-l-R6--I70-oIt .... }1:.Wg/t ,C/il/or 
,111<,.-PC bog,d, r r J·H�, PC te.m;"lIls or 

cydds (7) (OP/;Ollll/), #1-1 j"mp('1 (2), SQl-. 
der, IlImp b'lIckcl (sec Fit. 1!), Jlllnmlilil 
b,g,kelgud kg,dwa" (se, Fi,. 11) • 

.\'olc;:-TII, 'olllnl';nt. (;ul' mou,,/, purlS o,e 
o;'gifQbl, "011< 50",IIwC/1 T,'.-}mi.-:"I J',od"ds, 
119 IV Rhp,otiy, 54 .. ,j"/,,";O. Ttrlll 78116: dd<d IIIId d,ilI.-:d ,rjll/cd tirr.U bOIl,d # 1JJG, $]: '-:O,.P/tlt llil 011111 "CUSSII., /lIlrlJ #CG. 
Hi, $I0.8i pos/pllid ill U5.-I. 
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• ., 0 .... 1-

Fig, 6, Actu.I,slze etching aulde 
must be copied exectly es shown 
to insure proper compooent fit. 
Small dots neer solder terml· 
n e l s  i n d i ce te Ie I n d eltes. 

Fig. 7. Proper locetion 01 hole cen· 
ters end selection of drills are 
critical for the Gete module 
board, Once holes are drilled, 
immedletely instell jumpers. 

IU. ____ UI 

tlH"OIIu.m 

:---1-- ,._-
",," 0f00I.1,17' " D(S"ED, $(T J'(; UR __ lI 011 nn[TllOf'TN)H�l' 

C2, C:J, and C4 provide fi.ltering for the 
d.c., and diodes D3, D4, and D5 drop the 
rectified voltage from 6 to 3.6 volts. The 
unrectified voltage from the 6.3-volt 
winding is also used for the pilot or 
decimal-point lamps. Resistor R2 is in 
series with this supply to reduce the 
voltage on the lamps 80 that they do not 
glow brighter than the counting lamps, 

Most of the power supply components 
can be mounted on terminal strips or a 
component board ss shown in Fig. 10. 
The rest of the components are mounted 
on the chassis. 

Assembly. To mount the modules in the 
chassis, aluminum support brackets such 

" 
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HOW IT WORKS 

GATE MODULE 
This module is a threc-in�nc OOard. First, iI's 

:l gate �c"cralor that produces the on-(or-Ollc, 
orr-for·thr�c I<lalin!: w:I\"Clorm u;;cd in the "IF: 
it's al><o a rl'S(!\ generator thaI automatically pro
\'idc� a short pul:;c lh� justant the V /1' i. told 
10 s�aTI producing a new count; and fillall),. i\ 
contains an 0, 1. overran):c countcr used to com
plete the 0-199 di�ilal til>!,I,,),. The comple\e sche
matic ;. shown in Fig. S. 

The gale wa,"do,m is gcn�rale<l b}' filtering the 
60·H1. supply to oblaill a smooth sine wa,·c. Th,' 
f,her removes any noise from tile pow�r line Ilml 
might cause inaccuracies. while leI. a hex ;,wCrt
cr. produces a r�'Clan)(\ll3r w:wc Wilh" bll time 
$uflldcnlly sleq) to trigllcr the next SIal/e. Capac
itor C3 pro"ides posilh'c f..wback 10 iml>ro,'c thc 
squarc.wa,·o lorm, 

The neXI slagc, IC2. is a Ili,·ille·b)".four COUllicr 
consisting 01 t\\"o JK ml>-flops connectoo as cas
catlro binary didders. I)ual-):ato IC) is � ['01·4 
decoocr pro!lucin): � ):ating wavc/orm th�t is 
grounded lor 16.7 milliseconlls (one 60-Hz p<:ri. 
o!l). anll posili,'c lor Ihe next 50 milliseconds 
(tbree 60-Hz perioos). Since this procts3 lakes 
up lour 60·H? (:)"cies. Ihe Ire<lucncy of the com
t>osite \\"a,·c/orm is � 01 60 Hz, or is Hz; hence 
the 15 measurements p<:r second. 

The gate output i. rOlllOO to the V IF converter 
:.nu to a half-monostable resel gcncr:.tor consist
ing 01 C4 anu buffer IC4. '-his circuit generalcs 
a ,·cry brief (nOout 2 micro;;econlls) r("$CI pulse 
which era� thc display before the V /1' COn· 
,'crter can prooucc its f,rst output pulse. The reset lmlse goes 10 the !WO ll«inmJ counlers as well 
as restlling thc O. l. o,"crrange l)Onion of this 
module. 
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'·he O. I. o,'crran.<:e counter, 1(."5. has t\\"o flip_ 
nops. One is a binar)" divider; Ihe scconll is a 
latch Ihal �ocs on when full scale is re,"ched. rc'
gardless 01 how many more counts arrive. This 
counler lakes lbc 01l111U! of the lell's UCli anll 
C(}!!I"Cr\$ what \\"ould be nn 0-99 disnby inlo an 
0-199 plus o,-erwngc CaI1-1bilit)". 

A l)Owcr·Jine �alC mny bc c.'n«lcd 10 be aC
curate to ±0.05%, while Lho digiLal 0-]99 dis
Ilia)" used is only inherenlly accurate to ±0.5'lO. 
Thus, Ihe InSlrument aeCUr3C)' is dcwrmincd by 
the dis]l\ay andlhe \./1' accuracy. Without a far 
mOrC c�ll<'nsi"c \-/F eircui!. c.�tra dec.1de modules 
or a morc preci«: lim" b:osc will nOI incrC:l:1e Ihc 
in�1 rumcnt·s aCeu rac)". 

Photo of author's prototype shows 
properly wired Gate module board 
with indicator lamps and braCket 
in place lind optional solder termi. 
nals at left; e�ternal wiring can 
be soldered directly to boa rd , 
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as those shown in Fig. 11 can be used. 
The photos show how these brackets are 
used for support. 

A three-hole bracket is required for 
the indicator lamps of the gate module. 
This can be fabricated as shown in Fig. 
12. (One of the brackets supplied with 
the DCU kit can be used as a guide.) Use 
orange plastic covers for the 0 and 1 
bulb. and a red one for the ovelTnnge in
dicator. 

" '" 

" IZ'V.� .. ".,,,,, 

The complete schematic for the DVM 
is shown in Fig. 13. The photos show 
the assembly used by the author, al
though any other similar neat arrange
ment can be used. While layout is not 
critical, be sure to keep the instrument 
neat and compact to minimize the chance 
of wiring error. Be sure to usc very 
short, heavy ground connectors. A 
ground buss of # 12 solid wire between 
modules is strongly recommended. 
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Fig. 9. Single power "O.�.Z·I 
provides '" necesury d.c. '" 
voltages ", v.rlous dr. " I -� ++O •• y cuils ,., 60·H� reference. .. ". 
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POWER SUPPLY PARTS LIST 

C I---I()·p. !5Q.lIolI �/ul,olylic (apucilo, 
(:1. C4----{JO!)u·I"" 11)':'011 c/rC(r/1ly/i, '''''lfilor 

TJ-/'(nlJ�' "UH'I"",,,. 1ao>lll�'y !JO \'olls CT 
@ 15 ... A. oJ volls I .""", I ",,;tlll j4£. 

e J·�.I·,.F, JQ·ull rcr"",ic disc r..,,.,,;I,,r 200S. 51""'" I'S8·no, ThruaTS"" l:!RJP 0' 
Dl. D? " '''''''''. 600·t'IIII .i/iro" ,riodc I Jlo· sios,ildT) 

tHoI" 1.\'4QOJ or sj'"il�" Misc.-16·,oiosl (8 oos CIIClt sidd l('f .. i/fol 11<>1I,d 
OJ·DJ 1·"".pcr(. JI)'1'011 si/iroH d,odr (1.1"'0,. asrr.dly ",jilt "'II""/i,,, 1I,,,d:..�rt. '1.(. Ii .... 

01.1.\'4001 Or s; ... i/or) ,o,d. sl .. i" .rliel. ",oullli,,� IIII rdw,u, I,,, 71 
RIXTI- 1.5·IIN1pc-r. 511,,,'011. 'ull·wo�·� ,il/COII amI Fl. :'·;'t.lold�" ",0""1;,'� di" Jo, r"'lIc. 

moldrd l1'id�r �IUtlth/y (.l1ollm>l� ,lIlMp·l!· 1 i/ors. �/( . 
0' "i",ilo,) .\'�Ir:-·Co,,,plrtr kit 01 1111 p()",lJr, ,,,,,ply PII'11 

1"- /·/uospc., I"', d"" Iltuboh/u a"oi/dbk I"'''' SOHthwest Tulttoicul /'r04 .. (I., 
R' . -S(}(Jf)·"""'. IIJ·w.1I f(si.</"r 119 11'. Rh,'l>dy, Salt ,h,'olJio. TUIII 782M. 
R1-Z7·dm. '/.1.",.11 feJiJlo, #C5·1.15. �1(I.;o ",slpoid ill US,I. 
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Fig. 11. II necessary, to avoid interference with 
components or wiring, deepen the notched cutout. 

It is best to use color-coded wiring to 
minimize wrong connections and facili
tate any possible troubleshooting. The 
resistors associated with 81 may be as
sembled directly on the switch before in
stallation. Also, lise green-colored lenses 
on the decimal-point indicators. 

The 1.35-volt reference cell (Bl) is 
mounted wherever convenient within the 
chassis. Note that there are two types of 
mercury cell: those for general-purpose 
use and those for standard or voltage
reference purposes. Make sure that you 
get the latter. The accuracy of the DVM 
will be no betler than the accuracy of 
the calibration standard. 

Fig. 10. Power supply cireuit 
is located alOllg rear apron of 
chassis. Modules are at left, 
while: CAL and ZERO controls, 
rangl,'unctiOll switch, polar· 
ity selector are a t  right. 

Setup and Calibration. After a careful 
wiring check, the DVM may be plugged 
in and 81 placed in the ZERO position. 
One digit in each column should light 
brightly and continuously. Turning the 
ZERO control through its entire range 
should change the display from 000 to 
030. At about the mid-point of the con
trol, the reading should be 00l. 

The proper setting of the ZERO con
trol is the position immediately before 

til ._T .. a OU .... , 
Fig. 12. Arrange lamp mounting holes in two closely 
spaced, staggered columns to obtain small size. 
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COMPLETE DVM PARTS LIST 

HI 1.3;'\'011 ,fA meu"" ,  re/e","ce cell 
(' 1-0.1·1'1'. 50-NIII .IIy/,,, Cf/,�'ilo, 
/1-/3 6.3-1'0/1. SU·""I pilo/ lump . 
I I. !J-5.way bi",Ii,,� posl, ( red ami Murk) 
,1/ /-1'1 F moo"l, rw' lUI) .111. MJ-/Jccimo/ co,,"/illt ,,,,il. Su l'OI'UI.,IR 

EI.£CTRO.V/CS Fcbrua,y 190$ 0' Iriulcr 
H169 £I.£CTROXIC £XPERIloI£XT£WS 
/I,I.\'D8OO" (.ec lIo/d. M.J-GQIC moo .. /e (lu kill) 

.I1J-I'/lWCT ,,,pp4y (.u lut) 
R J-2jO·ohm, 2,:,,,'11 /i",., pol,,,I;",.,dcr 
R!-IOOO·o""', 2·"",/1 /i"c�, pu/�"tio"'rlcr 
RJ-I.!·/tl'tohm, };j'WIIII " .is/o. 
R.J-W2,OOO·o/tm, �.tI·oll, 1% p'aisio" ,uislor 
R5-909,OOO-"11",, �'I<·all. 1% pr�,is;,,,, reJisl'" 
R6-9.09·mcloIHl" y,j·!v"II, I":' P'Uilioll 'tSislO' 

or ,uits Utillor comblll,,{ioll 
R7-1000·oh"" }�'a>"1I1I ,uido, 
SI-Fh'c.Qcck. 1:'r-polc, len_po.;li,,,,, IIo".Ito,I· 

i", r%,y neilcll 
December. 1968 

1>2-D.p.d.l. s/ide '"'.L·ltd 
;l/i,c,-I'i"yl clod "III"';"'"" (aU .IIU .11"",1 

I,,/Cmbly, } .. � Imoits (2), J.v.� /"'06 (I), /,,,d',,p plalc jor (Olliroll, diolplolr (�pli("'Q/), 
'''Ollll/illl Ito,uworr, brodd' jor ,1/2, .113, (U, 
nt_ 11), :dre, soldu, 1300· 10 !SOO.oll", pre· 
(;sioll ,(liJlo" lurll jr ... dt (2). elr, 

IJiolpl"{e:-/lo,d �lIodi:,d oJ",.,i""", diolplolr 
.:'lIiI,,/J/e I""" Rei/f. 1'11010 Pilli,"i"t. 4627 
.\'. 1I11t SI"I'ltK";X. A,,:. SHH4. I" bllldllllld 
.i"w, $.J.OO; in ud. told, or (On'€', �Jilj, 
pos/paid i" US." Slork :; DI'JI·I. 

.\'olr:--I.'II, jor ," decimol co�uliut "IIil. ou 
o;·"il"b!r jrtlm SOlllh-.crll Technical 1"lHIII(/s, 
!l9 11'. RhupJlHly. SI'" ,IIlIOlliQ. Tr,r"s 78116 
jor $/? r,,(II, plJllpoid ill USA. ,I (o",plrlr kil 01 0/1 ubot" p"rll, ;'lCludi"t a p'meltnl a",1 
lIJocll,.,,,d, !·I"yl.r/"d (lISe alld 'Hp,o,1 use"', 
My, b,,1 lell diu/pl"le (lIId HI ;1 1I;'eil�6/r I'o'� 
Ih€ lIl",r 'o"rtl for liP.50 pt .. , poll.,e lor 
6Y. pnNlldl, 
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HOW IT WORKS 
OVERAll OPERATION 

TIte i",nct;on 50'\«10' Includes .",ilch SI '"' 
il5 .1.55OCialffi circuits. Here all i"I.ul lignali are 
COllycrled 10 0-2" '01\ d.c. \'oha�es �(r(b5 a onr-
mtJrohm resistance. Wbt .. ml'llsurinJ( ! \'oh� d.c. 
or I��, the 5;11"31 is applied directly 10 the rr-
m:r.indcr 01 Ihe circuit. ,\bo\'c I "ohs, Lhe �illll:tl 
is "lIenIl31�d by 10 0. 100. For ohl11� l11ea�urf' 
ment, a calibraled anll t�n'ptmlurC-<:OlnllCn�3Icd 
curr�nL :\OUT(:e suppliei 0.01, 0.1. I ,  Or 10 m,\ 10 
Ihe inpul I('rminals. The vOlla�e drop acroM Ihe 
rtSi�lance llJclll"a'n 0 and 2 " 0  I�) i§ Ihen an ae· 
CUT:ltc meaSure of Ihe rf$iSllI.n(e. For example. 
1 rnA of current throuJi:h a 16QO.ohm tl'SiSIOr pro· 
ducts a "0113\1:(' drOp of 1.6 vo!�, ll«au:;e mui. 
mum ohmmfler currenl is onty 10 111,\ On the 
lu .. �t �"� ('� '" ,,,. hithtr r",,",lance 
ronlen). you can safely n,usure l11�t eurrenl· 
Itnsilh-e de";en without fear of dam31{<', 

"'or caHbralinJl: and zeroinc Ihe in�l.umlnl. ,'" fUn(tion �ltoCtor s,,';u.h cunnI"CU ... itllfo. , 
1.35,\,011 l11ercur)' slandard bMt�r)' or a soon 
eI�uil 10 Ihe input. 

The O·!·\·olt d.c. s;Ir:n�1 from Ihe functioll SC, Il'CIOT i� I., '" , '·01 Ill!!C' I o· f reo IU�I1C}' ( \'/1') 
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"(FER(NC[ 

�. , 
R[f"£""[NCE 

CU""""[NT 
GCN UlloTOI! 

L..J ULECTOR 
(Qll ERH" 

SWITCH 
v 

con'· ..... ltr. This ;. , currenl-drh'�n unijunel;on 
.!SCililIlO' .. 'hose QUIPUl frequency is proporlion:r.1 
10 Ihe ;"I)U\ ,·olu_ICc. l:nlike ir>dllstr;:r.1 VjF con-
'·('rh'r�. Ihi� one runs " ol)en loop" and relia on 
c�lil.orali"., and inherent linearily r:r.lber 1h3. .. on 
compk� alHl r�pcn5h'e feedbad: schemes (or ae-
"uracy. Unearil),. rang .. , :lnd rf'S(llulion are mo� 
than ad'�lllalc for the one-!l:I.rt·in.lQO dillil:ll dis· Ilby "Sdl. 

Th� oU1pU! of Ihe \'/F (Qnvcrter dri\'C!I a 0-199 
counl�r III ispl:_}' (DCU's) and lurns '" , ,., 
o\"�rran,o;c indicator when full !IoC:lle is c�cccd�,(). rr Ihis lI"er" the "nlire circuil, lhe di,o;ilal dis· 
piay would he a blur of numlJcrs Ih:'1 1I"0uid jllsi 
k�p on addin� liP Ihe OIlIIIUI pulses from the VII' 
eOlll'Crter. I\ddilional circuilry. clI.lled Ihe /l:alr. 
and·r�1 J(fmcT:ltor. continuously lurns tM V�F 
cooverte, off and on and cra� Ihe old di�tl y 
before Ill'CRnlint an uIHlaled one. 

In the ,"�IC anll resel kCntTaIO', the 60·11" 
IlOwe. from lhe I;ne is used 10 #flerale a $i,o;n.�1 
Ihat lurTU the V IF converter on for one· fourth 
of 1M lime and allo .. 'S the dispb)' 10 show lhe 
.('Suits for Ihro:e-fourths of IIIe �ime. Immedialtly 
aft",r the VIF eon"c.te. is turned on, a wry br,e/ 
r"'�t pulse i$ �en",mled to ",m!IC the counter di,. 
Il!ay before ", new rt-sults Can 3rri\'", at 'h' ncu·s. 

The \'/F conl"crlcr thcn �I"cra�« ,h, ;n\'lut 
,"oltage and Il"l'ncralCll Ihl' pertinent frt'<luene)' 
durinl( its 011 tillle. The count"'r/di�play mllliulc 
counts and (Iisplit)·' Ihis In'llllcncy durin/!: Iht on 
lime, and when the V/F is lurned of(, Ihe disiliay 
indicalC5 Ihe InIal number of \'Iul$('5 /!:enerall"ll 
durinll the on lime. Durinll: tile oft lime, thl dis. 
vl .. y hold� Ihe Lasl "aille until ro::o<:l lur th", nut 
measurement. Si� all Ih,s haPl�ns IiftC1'1I 1;1111'S 
('3ch ReOn". }'OU \l:ct the cfttoCl 01 a continuuus 
diS!ll .. y that 
I"arialions. 

ral).dly follows ,,,, inpUI·,·ollalle 

� 0_ 200 
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you get the 001 reading. If you turn the 
control down all the way, you'll pick up 
some serious low-scale errors. 

After zeroing, switch to the CAL 1.35 
position. When the CAL potentiometer is 
turned through its entire range, the indi
cator should go from about 1.20 to about 
1,50 with 1.35 at about the middle of the 
range. U you cannot get the read.ings 
low enough, or if 1,35 is at the lower end 
of the control, add one or two 5OO-pF 
mica capacitors across integrating ca
paeitor CS in the V IF module till you 
get the proper range, 

Very rarely, it may be necessary to 
change the value of RIL This occurs be
cause of variations in the characteristics 
of Q6, the unijunction transistor. If the 

,. 

R[SET � 

V IF converter oscillates but does not 
drive the counter, either increase or de
crease the value of Rll (in a range of 
6.8 to 22 ohms) until proper operation is 
obtained. 

Always rezero the instrument before 
calibrating. The settings will be remark· 
ably stable after a few minutes' warmup, 
A slight interaction between the CAL 
1.35 and the ZERO controls is normal. so 
always recheck the ZERO setting after 
calibrating. 

To check zeroing, short test leads 
together, and misadjust zero control 
to get an 001 reading. Switch 81 to 
0-2 range. The reading should stay at 
001. Remove the short. U the reading 

(Colltim{cd on page 108) 
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SAVE BIG MONEY 
ON ELECTRONICS 
Buy from RADIO SHACK, America's 
biqes( nationwide electronics store rc;�", .. =' 
chilln. Send now for your free copy . 
of our new 1969 bargain·packed . 
electronics catalog . . .  plus a 1,'1; 
year of special bargain blllletillS. �::.r;. 
;��;.; SHACK® ( Ii 
2727 West 7th St., Dept. �YT�:'::��. 
Fort Worth, Texas 76107 
FREE CATALOG AND BARGAIN BULLETINS 
Hame • • • • • • • • • • • • • • • • • • • • • • • • • • .  

Acdress • • • • . . • . • .  

CI" .Stite . . . . . . . . . .  Zip 

Radio Shack - subsidiary 01 hndy Corporation 
Over 300 storn coast to conI 

. . . . . . . . ................•..........••• 
CIRCLE NO. 32 ON READER SERVICE PAGE 

�(�:.;H�j:'�:: . . 
" . . . . . #50 

. . . . . . #49 . .  #39 #,:: ==;�� T:�.,: . lI.ted .bOlla $1.25 nth 
by nu mber from 

Zlff·D."I. Service Dlv., 595 Bro ........ ' • New York, 
N.Y. 10012. Enclosed add'i 1St! per copy for ship
ping and handUng (SO¢ for orders outside U,S.A.) 

PAYMENT MUST BE ENCLOSED WITH ORDER 
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VOLT -OHMMETER 
(Continued from page 40) 

changes, adjust R2 on the V IF module to 
get an identical 001 reading with the 
input test leads either open or shorted. 
Center the adjustment on the 001 read
ing and then adjust it slightly lower, fa
voring the 000 reading. 

DIGITAL VOLTMETER SPECIFICATIONS 
Ranges: D.c. Yolts: 0·2. 0·20, 0·200. Ohms: 

0·200, 0·2000, 0·20,000, 0·200,000. Range 
e.tendable to anything that can be repre· 
sented by a Yariable 0·2·Yolt d.c. signal. 

Input Impedance (Voltmeter): 0·2, 1 meg· 
ohm; 0·20, I megohm; 0·200, 10 megohms. 

Maximum Ohmmeter Current: 0·200.000 
ohms, 10 pA; 0·20,000 ohms, 100 pA: 0·2000, 
1 mAo 0·200, 10 rnA. 

Resolution: One part in 200, any range. ± 5 
millivolts on 0·2·yolt range, ±0.5 ohms on 
O·2OQ·ohm range. 

Accuracy: Better than ±l % of full scale, ±l 
COtlllt over most portions of most ranges. In· 
temal calibration with 1.35·yolt seeondary 
mercury standard. 

Stability: Less than 1 count drift per 20 min. 
utes after I5·minute warmup. 

Noise Rejection: Instrument is e fully inte· 
grating, multiple slope type and is essentially 
"blind" to any 60·Hz line-borne hum or noise 
and has a high degree of rejection to all other 
high.freQuency noise. 

Update Time: 15 measurements per second; 
instrument integrates input for 16.7 milli· 
seconds and displays fM 50 milliseeonds. 

Miscellaneous: Automatic overrange indio 
cator, floating deeimal points for "actual 
value" indication; zener input protection: polar. 
ity revef5al switch: Internally self·calibrating; 
useful accuracy to 200% of full scale. 

To calibrate the ohmmeter portion, 
ZERO and CALibrate the DVM as de
scribed above. Then place the test leads 
across a precision 1 % resistor between 
1300 and 1500 ohms (do not use higher 
or lower values) and switch to the 0-2K 
resistance range. If the DVM does not 
read exactly the resistance being mea
sured, adjust R13 on the V IF module 
till it does. The instrument is now fully 
calibrated on all scales. 

Readjust the ZERO and CALibrate 1.35 
front-panel controls any time you like. 
This gives you an instant check on how 
the DVM is doing. The internal trimmers 
will rarely if ever need readjustment. ... 
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