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HIGHER ACCURACY, HIGH ER FREQUENCIES 

WITH NEW ELECTRONIC VOLTMETER 

The' TYI'~: 18O(i-.\ E[('('Irolli(' \ 'olt­
mf't('r (FiY;Uf<' 1) j" :l (>ompil'If'I.y n('w 
in:<lnllnf'nt. ~\LI)('r"c'{ljnv; t 11(' Tn'E lSOO- B 
ruC'uum-Tul)(' \"ohmf'\('1'. In thi" dc"ign 
\\'(' ban> i)ft'u abl(' not only 10 impro\'I' 

til£' )X'rfOrTlllllll'P "tlh"tantially hut :li"O 
to make' til(' in,;trtltllC'II\ Illtwh mort' ('011-
\'('lIit'1I1 to 11,;(', Tht, II('\\' n)ltnwtl'r em­

hodi(', ... til(' followinp; f{'aIUn\,;: 

Improved Performance 

i mprot'('d cu:C!uacy - the Ixl$ic accu­
r:1ey i.s ±2% oj indication. 

Heller frequl'lIcy r('xl)QI!·~(, - til(' probe 

i" lI~ah](' up 10 lfiOO .\1(' for "ollngo 
1llC'1hllrrTlWlll .... 

Wida 1'0/100(' rallge lip to [.}OO 
\'olt", hoth lH' and ut. (':tn 1)(' mC'lL'ilired 
withnut {'X1Nnal \'Oltllg<, di"idN';. 

FI;u.. 1. Vie... of the Type 
1806-A EI •• Ir"nl. Voltmere.­
poftoble mocMl. In Flip-Till <0.' . 
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Stam:lity bot h 1.(lro stability and 
long-tl' rm C3 lihrat ion ~l ahi1it:" havl' !x.-cll 
improvN. 

Increased Convenience 

TJu:re are only juur ral!yt$, etll'h l.'Over­
illl!; a span of 10 to 1; the numlx!r of 
ti,,1('s the operator must turn the range 
scJ(\(·l.or switch is greatly reduced. 

II single scole scrves for all voltage 
readings (cxC<'pt 011 the lowest ae mnb'l.·). 

Loyarilhmic scale on the meter gives 
('ons! ant-percentage resolution and read­
ahility . 

. \ ' f·". IJnwll probe is much {'a..~ier to con­
nect to modern sm:'ll! circui t components. 

All olimmell'r is included for couven­
il'tlt rcsi.~tnn('e Illl'tlsurcmcuts. 

TIle Flip-Tilt case permits tilting the 
metl'r for ('ITor-free antip:ln'lliax I'l'ud­
ability from a lmost rtny anl,lle . 

. IlJerll(lle ,Mdcl is also av:~il:lbll' for 
rcla.y-rack mounting. 

Stomyl' Jor the probe ami iu cahie is 
prodded inside t he cahinel. 

I mprOL'Clt circw'/$, new components, 
alld moelem m.cchanical rl~ig/' have a ll 
COlltribulNI 1,0 these pcrfortrulllee char· 
Ilctl'risl its :UH.l coun·niellce fl'awrcs. 

DESCRIPTION 

Figure 2 is r'l ~L!ll plifit'd SChf' truliie of 
the TYPE I806-A EICt.'lronic Vollmcler. 
The instrument. is basically a high-qual­
it.y dc nmpli6cr, whieh is used directly 
for dc voltage measUl'{'mcnts. There is 
included , for mensurcm{'nt of ae volklgt' , 

a diode prol)('. whi"h I'('l'Iili('s th ... ac sig­
Ilallind whoS!' OHtput is mt'lislITf'd by the 
same de amplifier. The de amplifier is 
also used in ohmmeter opcr:\tion to 
measure tbe \'OII:.tgc drol) across the 
unknown resistor in a \'ollagl'-divider­
type ohmmeter. 

DC Circuit 

The de amplifier is a balanced circuit, 
which functions ftS n pa ir of cathode 
followers. elriviu!?; the meter circuit from 
(~athode to ('nthod .... There are two im­
portant olX'raliug p.lmmctcrs of a circ uit 
of this tYIX', the op(,Il-circuit. voltage 
gain a nd lhe output rcsist:lI1cc. The gain 
diTf'Ctly conlrols the cal ibratio n of the 
\'oltmctcr; t he output resist[ulce appears 
dircctly ill S(' rics with I he metcr and 
affeets th(l calibration mainly 011 the 
most scllsiti\'c rt1lll,lcs. Both of these 
parametcrs, therl'forc, must be stabil­
izeJ if thc voltmeter is to r('tain its c:lIi­
bratioll. Owing to t l\l' lISC of n. novel 
circuit, the volt!lge gain ii> ex tre mely 
stahle and the oulput impcdam:e is so 
low t haI, its variations firc Llf'gligible. 

Eaeh "cathode follower" is made up 
of twO vUCli um tuhes and one transistor, 
SO connected a.s to operate much neare r 
to the ideal lh ,L JI ioi p();;...;ible wil h olle 
tube alone. 

Th(' first lul)(' is ol)('ratf'd as rl simple 
cathode followt'r , lllld thl' tt:lllsistor fi nd 
t be second tube com priSC' a circuit, sug­
gt'st('(i by lIf' nry P . I bll , of the GcnCr:l1 
Radio Comp;\ny, \\ hic·h 1)()SS('ss('sn num-

IIlltU-GflURU RAOIO COMI'ANY , WfST CO NCORe , MASS .. U.S. A. 
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her of desirable characteristics_ First of 
all, the input, impedance (ni the emitter) 
is extrf'mcly high, \J('ing npproxinultely 
equal to the collector resistor in v:\)lIe_ 
This nwans that thC' gain of the first 
tuhe is very closely equal to 11- /( 11- + I), 
fL 1('rm \\'hi(-h is su bslanl inlly im"aria nt 
during the li.£('tin1(' of til(' tube_ The gain 
of t 11(' t ranflist.or-tulX' circuit, tx-ing highly 
I:itahili7~d hy feedback, di!Tf'rs from unity 
by only n ffow pllrts IX'r mill ion , so thll~ 
thc voltag .... guill of thl' elilil-(' {'in-llit is 
quite independent of the gflldwll de­
crf'uS(' ill tranSl.:Ollduc1.anl.'C that occu rs 
as l hl;' tulx's age_ 

Scl'ondly, the output impedance of the 
1-1 :"\1) ('jn-ui t is less t hHn one ohm, owing 
to the hi~h g:lin cllcloSt'd in its fl'f'dbat:k 
loop and, cOllscqllenUy, thc v:\I"ialioll ill 
output impedtlncf' with I,ube aging is 
completely neglij!;ible (I he 10w(,SL tolal 
rc~istanc{' in the mcter branch is 1500 
ohms)_ In fllct, tlw suhstitlLtion of l ubeS 
of diffen_m" IYIX'S (bul havi llg lhe same 
hflSt' connections) for the SC'(;ond whe 
ill this l'in-Hit pl"Odu(;ed no diS(-ernible 
chang .... in Nllihrfltion and only wry 
I>light changes in ~_t'ro !;(,tling, We f'O ll ft­
dently prt'di(-t th:\!. t his inst]"tllncnl will 
001 need n'('aliht'tllion of its dc ranges 
during the two-Y('!l l- \\':II- I~l nl y pt'l"iod 
and lX'rhllps. n(,VN- during till' lifctinw 
of 1)1(' in!5tl'umc1l1 (bnrring eatnsll"ophic 
tube 01" r-ompollCIl1 f:)ilw-c), 

• 

FIgure 2. SImplified ~<hemoll< ~ 
diag.om of the T.,.,.. la06-A d. 

EIe<"oni~ Voltmeter_ 

• 

DC Zero Stabili ty 

All additional ad vfLlltagf' of I his circujt 
is its extremely good 7BO slnhilit,y, 
which results from t he complC\f'ly b.al­
UIlI.'ed circuit armngem('llt and the \18(' of 
regulated heater volt.'lgcs on all tulx-s_ 

Open-Grid Operation 

Range switching of the d('-voltoH'ttr 
circuit is nccomplish('d by changf's in t he 
resista nce ill S(> riC!5 with the meier_ Rincc 
the input voltage limit of the clect ronic 
circu it is I!iO voll s, :HI int{'fnnl voltage 
divider is lIscd 011 the If>OO-volt r:\J1gc_ 
Its tOl:\J rcsistancc is 100 ml'golum'. and 
it can IX' connected or not on the oth('r 
t h ree rungl's to 5(>r"(' as t he input grid 
le{lk_ Wilh the l00-m<'gohm rcsi!5tilnec 
s\\-itched out by means of the serew­
drivf'r-type contl"Ol on the front panel, 
mC:lSlIl"emCllts o f dc voltage Oil eire-Hits 
hitving sourcc resistance of lip to 100 or 
1000 mCl{ohms nrc possible_ The ze-ro 
ca ll be nujust(.'{( to compensate for 1 he 
vol lagro olTscl. due 10 gl-id current. The 
first tuhe is opcru.tt'{1 al r('(l\wcd h('al cr 
vollage and low plfltc t'ul"1"cnl to kt'<'J) 

the grid current less than IO-IU umlX'I"Cs_ 

Current Measurements 

Ext('rna1 re~i>ltJltle('s ,'an 1)(' t-OIlllcch:d 
across 1 hc input term inals fOl- the nw:\s­
urCIIlt'lli of dirt'c-t (-lUTenlS_ ]-"01- ('xamplp, 
wilh n otw-nwgohm 1"1.'",i_<;lol- ("oll1H'ejcd 

+ 

q------l 

! , 
L ___ ~( ___ .J 
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as 1111 cxll:'l'Iml shunt (nnd with tlw 100-
nwgohm rc""iStlUlt<' swittlwd Ollt), the 
met('l' on the mo,;t st'1l:sitin' rallge 
('orrc:spond,; 10 I.!) micronmpcrc~ full 
s(,"ule, und thc !';m:.1I1t'!';\ division ('01'1'(,­

sponds 10 5 1l1l1l0aml)('11's. \\"jlh 11 !';hunt 
of 10 m('~ohm:s , I I II'~ Iluml)('r" 1}l'C'omr-
0,1.') mi('roampl.'I·(, and O.!) 11I111oaml)('rc, 
]'{'!'IX'ctiwly. 011 tlw.-;{' rang('s Ihc lc-ak­
age CUI·t'('II\" of "jlicoll tnlnbistot':; call be 
c:lsily m(,!lsurcd. 

Mei er 

TIl(' m(,{<'f mO\'('JllcI11 used in this tU'1\' 

voltmeter j" slIpp1iNi hy 1 h(' Pt·{'f-j..::ion 
:\ 1t'tN l)ivi"ioll of ?llillllC'lI].1oli,,-l lollt'y­
well :Iud was RH~~ps\('d :Lnd df'vf'loprd 
for (:(,IIf'nll HHdiu by the late Ho.~!·o(' 
Ammon. ~t:Jrtillg til Z('I'O , lhe dl.'fi{'('/ion 
eh:lraett'l'i~ IiC' i,., linCllr lip 10 1 10 fllll­
scale (·urrent. and Ilwn i~ log:trithmi(· lite 
1'(',.;1 of Ih(' way, :1,., "hown in 1-'iP;\LI'(' 3. 

Thi" d('fir{' lion (·h:I1':I('"I('I·j->,li(· ha,.; :l 

Iluml)('r of iml)Ortalll advHlltag('s . Fir"" 
tlw tLWlN (':1U 1M' adju . .,II'C1 If) p(·rfm·m 
with s\I('"h hig:h ap('1l1'HC',\' that \\'(' han' 
I)('('n :lbl\· If) "1X'('ify a b:lsi(' ;1('('UnLl'Y f!)r 

the voltlll('h'l' of 2% of fI{'l!tal reudi llY, 
,\ /'omp:ll'i~ll of :\('111:11 Olx'rating :1('('11-

nH'y a~ai1Ll' t Ih:)t of alinl'Hr tlwt('1' rat('d 
in term." of pt.'I'/·('nta!-;C' of filII Sl'alt' will 
il1u",trat(' holl' "Irik i n~ i" ,h(' impt'o\'e-

.. 
, 

\/fJcPf::': • , \ , , 
• , , , , 

,,{, '\ \ \ , \ , 
• -,-' • , \ , \ , 

I!I . st>L~ , 
I T 

• T • 10_ to lIO 100 200 500 I. t 

'. 
" 

• 
Flg ...... 3 , Th . m . ler Ic .. le , Nol. Ihol "II dc "'011"9'>1 
.. nd 011 DC '010110" .. obo .... 1.$ '0101/1 .... r.od on 0 

I ingi. leol •. 

lm'llt. , \ ~ shown ill Figure I, on a liuml' 
11)(,\('1' r:tH'd at 2% of full s(':II('. I he rcad­
iu,l!; a' n poiut ollf'-Ihird of full ~!·:t1I' is 
sHhj('{" to lilt f'nor of 2% of full :«'alr- or 
H% of Ill(' 1't'adillg;, Titi", IH' w \'ol\mc\o:-r 
mINI :11 2% of l'('udillg iI', lIwI·('[ol'c. as 
1l1u('h liS \hl'(,(, tjnw;, :15 11('('1111"\1(' :11' :l. 

f"(lll\'('utioll:ll \'ol\nwI('I' t':tI('{1 al 2% of 
full ;'('al(', 

N'('olld. \hi~ (l('fl('('1ion l'h:lnLd('l'i",li{' 
allows t'allgf':< In Ill' ,.,1\·i,dlf'C! by fac·tors 
of 1f'1I: \hl1::< lilt' lIumbl'l' of lillll'S i1 is 
IWt'('R"-!lI'.V 10 oIX'I'alf' \Ilf' l'alLg(' ::;\\'il(,11 
i ... ~r('ally I·Pclltl'('d. Hy far the g;1'C':lif'1-'1 
adnlt1I:lI-,T(' of IPI\-10--lllLC' I'a ugt' ",,,·ii(·h­
i ng, hOWI'I·N. is t ha I. wil h 1Il!' ('X('cpl ion 
of lilt, JO\\'(,,,t at: I'ItIIgf'. :111 I·olln,.. .. ' "('!Id-

\ 

l' < ~OC 

Fig ..... 4 . Au .. r"q' 01 0 f .. nc­
lion of leo le •• "dlng fot Ih. 
Typ. 1806-A Et ect.oni. Voll. 
m. !. r. compar. d with I;,o! of 
itl prad . . ... or. th. Type 
I8QO...8. who .. "«"'''<'1' w,,1 

2% of f .. 1t u"I • . 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



-... --- _..J 

--.-...--« ~ 
Fl ..... S. 11M oc p<ab.o and 110 OCUli....,. lip' ."d 

liI"0 .... oI d ip • • 

ings art' ffi:ldc all one 8C3 Ic. This c limi­
mt\('S Wh:lt is probably the gn.'atcst 
!!OurCf' of error 011 most. muiliscu]c volL­
tnrtcrs, that of the operator iund· 
v('dt'lllly reading the wron~ scn lc. 

Third, because of the c:o.:p:1llfolion of 
1111' S('ulc at t he low end of this Ill{'tcr, 
the d('nt'Ctioll 5('nsitivity down-scule is 
timt of u linear meter having ,hIT'(' times 
the 8('lIsili\'ity of this OIH', Le., on the 
J.;')...\'olt de runge, Ihe low ('nel of the 
scale if:! 115 ('tlSY to read as lklt of 1\ IinC'llf 
mder of 0.5 mit. full scilic. On this 
mctN, on the l.5-voll rnngf', the smllll­
{'>It 5('111(' llivi8ioll is 5 milli,'olts! 

AC Probe 

Substant ial improvements ha\'(' ix't'u 
made ill the pc:rformull(.'C lind com'ell­
i(,II('(' of I he 9.(' probe. Thr diode is one of 
the smull cemmic types deve'Joped by 
th{' GCIl{'rnl Elcctric COmptUlY. Its small 
iji;r,c not only keeps th{' induetnllee low, 

JULY, 1963 ~ 

gi"illg the probe tl. resonilnt frt'quency 
higher than 3000 i\lc, bUl has lX'rmitied 
u substllotiully smnUl'r OV{'f-a1J size thall 
existing probt·s of !hill typc. Figure 5 
shows the proJx> togl't h{'I' with its ncccs· 
sory tips flnd ground clips. Figurt' 6 
shows Il ll\llnher of diffen'nt ways in 
which lh{'sc tlct'cs."Oril'S cu n bt' combined. 
Jk>cUlIS(' til{' prolx' is small , and l)('ellU;:>(l 
of the ver&llility of theS(' nCCC'8."Ories, 
high·frt'qu{'lwy me:1SUrt'nU'llts can be 
easily made I'V(,II at poillts in modern 
miniaturized (·ireuits. 

Use 0' UHF 
Above severnl hundred mega{'ye!cs 

per S('{'ond it. i~ I)('t'('ssary to use the 
prolX' ill:l c:1oS('d coaxinl system to avoid 
eOIllU'ct iOIl errors. All (lC('('ssory TI.'C 
('OIlIlC'('tor, TYPE j8()lj...PI, is aVllil:tblc 
for bridging the prohe al'ross a C(Xlxi.ai 
line. It rt'plaN'S til{' prohl' CllP, :lS shown 
ill Figure 7, It is equiplX"d with G<'ncrni 
Radio TYl'E 87-1 l..otkillg Connectors 
and is comp('ns.'\tNI so thut the disturb· 
nnr-e in n smooth line resulting from the 
introduction of til(' probe nlld tee {'Oll­
nN'tor is a minim\lm, 'I'll(' volta'ge·stand. 
illg·wuvc ratio of the tee COllnector and 
pro\)(' in a 5O-ohm syst(,m is I('ss than 
1.10 at fr('qu(,lwi('s below 1000 1'lc and 
typically dOl'S 1I0t ('xtffd 1.2 at frt'qllell­
cif's lx-low 1.500 :\1('. The voltag .... indica­
tion is subject to ('rror at high frcquC'll-

Fill ..... 6 , Vorioul m.lhods of uo-
1"11 !h ..... 0 ... wUh diff ..... ! com_ 
blnollonl of the lips o .. d IIround 

dips . 
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Fig .... 7. Tho 1"'0'" wllh cap •• moved .... d Ih. , .. 
.o ..... clo. • .... w.d 0" I.... u' lta_hlgh.h.q ..... c, 

m.o ..... m ... ' •. 

cics from !!(>vcr:ll &lUf("('S: the resollil ll f'C 

of the prohe . lr:wi;it li me in the diode, 
and, 1,0 a slight. ('xtent, the compensation 
included in thl' tf'C COlllll'ctor. The typi~ 
cal magnitude of the error of vollng<.' 
indil"il.lioll is shown in Figu~ S. The 
error is 11 fUllction (If vohagc lew'l, !:x'­
cause (h(> ('!fret of Inlllsi! time dcpt'llds 
upon the mllgnitudc of til{' input "olt­
age. This graph ~hows the> dilTl-renC(! (in 
dcdlx.-I:;) heLwl'('ll the VOltltg<' indictltiolJ 
of the mclN and the' voltage rn('asliN'd 
at. tl low-v~wn 5()..Qhm tNmin:ltion 
on the snm(' line. The specification 011 

nCCUnlcy i.s that the error will not. ex­
ceed 3 db for frequencies less thnn 1500 
Me. 

High Vollages 

For t Iw 1lll'!l8Urt.'lTIf'nt of I\r volt3gl's 
nhow' ISO (t Ill' limihllioll imp()l"('d by 
the pc-'ak-inv('ri'('-\,ultug(' nt1ing uf the 

• 

bigb-frcquellcy diode). n eapncillUlcc­
compenSllt('d \'oJwgc divider is incJuclrd 
inside the i.nstrument. Whell the probe 
is pIiH,'l.>d ill its slonlf:,"C sockel , DC vohnge 
inputs cn n be npplied to the binding 
posts, which are internally cOI1 I1('('\('d 
to the probe. The voltage di vider is 
automatically switchffi in on the 15(()­

volt range. Thc uPI)('r frcquf'Il('y limit 
for ac signnls appJif'd to the binding 
pO,.:t8 in this manner ill 500 kc. 

Ohmmeter 

For the mensurcmcnl of r('sista ncc, 
the voltmeter is converted in to an ohm­
met.er by the addition of n set of n\llgc­
select.or resistors connected to n mgu­
Int('d power su pply . The ohmmeter is of 
the cU!:; tomary volwge-di \'ider type. The 
usc of a regulated powcr su pply obviates 
the IlcC('ssity for !I. full«aJE· !ldjustcr 011 
thc panrl of the instrumcnt. The ohm­
mt.'ter operates from!\ I,;;"volt sollrce -
a compromise betwC('1I :1 voll nge that. is 
high enough to gi,'e stilhle operation of 
the dc \'oh meter circu it Ilnd low enough 
to prevent humont of scnsitivCl df'"ict's. 
The maximum tl.\'tlilable power from lhe 
ohmmeter circuit. is 16 milli\\'ll tts ond I he 
maximum short-eircuitcurrent isol3 miUi· 
amperes. 

The wide-range logarithmic scale ou 
till' meter nrcessitatcs only four mnges, 
huving cc ntcr-sca1c' "nlues of 10 ohms, 
I kilohm, 100 kilohms, and 10 Ilwgohms. 
The srale ill cu librill(,d from 0.2 ohm on 
til{' lowf'st range to 1000 megohms 01.1 
t he hight'sl . 

Fig ....... Typlco l hl gh_fr.q ... " cy 
'''po"n ch".ocf40. ltllu o f t ho 
probe o"d I ••• 0" .... '0. o pototo 

I" gl" " 5O-ohm .y.r.m. 

) 

J 
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r l3ccausc of the high accuracy of the 
meter, the de amplifier, lmd the ohm­
meter eireuit, we h.'lve conscrva tively 
rated the il.(.'('umcy of thr ohmmet er us 
±5% of indi('l\tcd rcsist.'l IH':C vulue, from 
1 to 10 on the ilcltlc, deci-casing to ± 10% 
III 100 on the scale. For eomparisoll of 
two I"('slstnn('('S of approximately the 
same ,'nIue, much smaller IX'rccnt:lgc 
difTl'l"l'lll'Cs CUll be observed . The wide 
rungr, ub9Cn(.'(' of full-fleillt' Ildjustmenl., 
und zero stabilit y of this ohmmeter 
make it an ('x ll"('mely weflll udd ition to 
the voltmctN. 

hternol Description 

The TYI'E I806-A Elect ron ic Volt­
mcter is sbown in Figut"(' 1. This instru­
ment is mOUllted in thc by-now familiar 
Flip-Tilt case pioll{'('red hy General 
Hmlio. This cusc IX'rmits tl\(' inRlruTnen t, 
to be tilted 80 thnt Ihe meil'r can be 
I"('ud without pllmllnx from nlmost a ny 
angle. Figure 9 shows S('v('ml possible 
attitudes for this vollmf'"lcr and iIIu5-
tmles the wide latitude lhlll OIlC has in 

fl' .... 9 . ... "" .... moth.d, .f plodn, 'he FU~ 
Tilt c ... for c.n ... nlonco In ... dln, tho mo .... 

JUlY, 19.3 ~ 
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Fill ..... 10. vt."" ., , ... Type II06-AI E .. c ..... nk V. It .... ..,. '0< ,.I .. y-r. d : ...... nll .. lI. 

sell ing it up for convenience and necu­
riley in rf>nding. 

The 'I'WE I806-AR Elt'ctronie Volt.­
metN is !:ihowlI in Figure 10. This inst ru­
ment contaillS the sll me eleclrical circuit'l 
IlS the TYI'~~ ISOO-A , bul. is mOlinted in 
a Cltbin£'l designed especially for rchty­
ruck mounting. 

In thl'S(' photographs thl' large, <,nsy­
to-rt'ad mctN is cleurly visibll', The arc 
I('n~t h of t Iw Ollll'r scale is 6 illcll('s, 
which contributes t:onsidcralJly to the 

FI, ..... 11. T ... Type 1806-A Elutr.nlc v.It .... ,., 
",,1110 •• ".r d ••• cI ... cI Ih. po"".' c.,cI ..... ncl 'h. 

, .. ,,"". , •• ,1., I loragO or Iran.portI"lI _ 

readability. The probe is visible in Fig­
ure I, and at the lower right-hand corller 
of the panel is Lhe storage socket for it. 
The probe cable cnn be stored ill an in­
icrnal reel fi nd pulled oui. or pushed in llS 
neccssary. When the cover is closed, the 
power cord , which is permanently at.­
t.l.lched, can be wrapped around the large 
rubber feet, as show n in Figure 11. 

Another ullusunl convcniencc feature 
of this voltmeter is that. the mnge­
selector switch turns in the same direc­
lion as the desired motion of t he pointer 
on the met.er. Thi!! is most f'~si ly sccn on 
the ohmmcter, where, if the pointer is 
!lenr l.cro, Lhe range knob should be 
turned clockwise to bring the pointer 
clockwise, nenl1'r lo ('('nler scale. Simi­
larly, on voHngc measurements, if the 
pointer is oft scale, the rangc knob 
should be turned counterclockwise to 
bring the pointcr counterclockwise until 
it is again on scale. 

This new design embodies several im· 
portnnt ndvances: in 1:M'rformanec , in­
creased accumcy, wid<·r fangcs, and 
greatly improved stllbility; in convCIl­
iell<''C, the Flip-Tilt cnsc, the ten-to-one 
mnge switching, the IlCW small probe wit h 
storage provision, a nd the large meter. 

These features combine to produ{'(' 
unusual simplicit.y of opcrfLt ioTl and 
accurncy of measurement. 

- JAMES J. FARA-~, JR. 
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SPECIFICATIONS 
DC VOLTMnn 
Voll ... . Ito ... . : Four rouges, 1.6 , 15, 150,1111(1 
1500 vult.." full !!Caie, pooiiiti,'c or U<'fI:,\t,Vi!, 
:\ l imnnUIi rel\dil1/1: hi 0,005 VOI1. 
lnpul Ruillo .... , 100 mCjtuhm8, ±5%i nl<o 
"upell II;ri,I" 011 nil hut Ihe l;jtJO.\·uh rull2C' 
Grid ellrrCllt iii Je,.;~ thnll 10- 10 amperes. 
"'«u,o<y , ±2~ Ilf i lld icsl led valu(' from o nt .... 
u:uth IIf full ~"III(' w full ~enle; ± O.2% of full 
.>(':llc fmm Ulle-lf'lIth uf full ,o('Ille to ~el'l). & •• Ie 
ii' 1"J.::mlhrnir frum vne- tenlh of full lIe,\ic to 
fuJI _le, permilllTl2 ('(ln~lan l·perf'('IH !llite rt'Hd~ 
ll.bihty o,'cr thsil I'IULlCe. 
"'C VOLTM(tU 
Voll .. , . Itong ,,: F'JUt 1'fl1121>, 1.5, 15, IfoO, Blld 
IfJOO volt~. (ull -<eute. ~liulIIl\lIn rtmhu,Lt (m 

n ..... 1 o-I'O_IIIVI' rtUlII;t' 11 0.1 ,'olt. 
Input lmpod ...... : I'ruh('. apl'rOlcim!ltel~' 25 mel(' 
ohru~;11 pnl'flllt'l with 'l pL \'uhn/l;(>S ahove 1;,0 
11:>1' lin ;IIlern:11 vOltSI!:!I' ,Iivider. ,HId iUpUL 
imp .... lnnN' i_ 2;, Il\el!:hhm~ in pllrHllel wilh 30 pL 
"'ccu,o<y : ,\ , H)O ,'I"", ± 2 % of i lldi":\l(~1 valllt' 
Frum I..) volt,. 10 1!')(l1J v,)lt~; ±3'~t of in(lieutet\ 
v._hll' rmlll 0, I vnl, 10 1,[. voh~. 
W .. ~.I...... Er.o" On {Iw h'V;i1l'f fLC'-Wiltll/l:e 
mnl(t"-. tlu' lII_lrlllll1'1I1 O\lI'rfllC< II~ 1\ 1)('01" vult· 
IW'll'r, l'ilhhl'lll ...... 1 'n rl':i{ rm- \I:lillt:' "r !l ~in l' 
\\,:11(' "I' O.7m "f the llrok vah ll' (,f:l (,,('nlpll'); 
\I'UV", ()n ,Ii-t .. rtt'li ",1I\'t'fornL~ l1H,' IlI'r("'IIIRjtt' 
,1(>\"ll1lillll of Ihl' I'('{"lin !/; fl'llnl the rl n~ Vlllt\{' 
niB,' 111' 1\.' JllrJ'(' 11_ Ihe 11f'n't'1lIl\l!:e of hllrmonicq 
Jlt ... ·{'IlI. On the 1. ,\le·1 rm'JI,'(' Ihe in_'fUllll'nt 
upplTlRl'ht', Tm~ "1M'rtltion. 
f •• qu . ...... lo"a.' 1 ,;,,\··Fr"fluen('~· roll·.nff i~ I(' .• ~ 
thllll ~{; ut 2{l ('I", 1" ',,1)(, I'{· .... " \'ml fr<'qul'lIey I. 
IIblll'(' auoo ~ I,'. ,\ I ..... n· ~('\'l'ml huIIII,. ..... 1 "'''1;:'' 
<,.\('11'>' Ilf'r ~('I'"t1 d , prohe .hould lit' u"l~1 ;n u 
:11)"'.1,," ('(II.xi,,1 l'y~I"1Il IIlth t he ['~I'·sury l.('e 
{'Oun('f'lor. The ('rr"r i,. th .. n I(',~ Ihun t 3 ,II, 
1)('1<)11 l;;(lfl :.Jr, Iwd \',.,1111 ur lIlt' t f'{' ,'"uuce,or 
IIn,1 I!I'III ... · L~l('.-.. IIUln 1.1 \)(>1,1\\' 11100 :\1 1'. 1'Ollil 
('miT. wlllrh ('II' lOll .. "It.rll!:t':> i, II FllllrtiQII "r Ih .. 

1106· ... 
1106· "1 
IIOCi ·,., 

il .. ' . ...... VolI ... . , .. , Po" .. bl. Mod.1 
EI .. I,o .. I. Volt",,,, .. , R(3(k Model 
h. CO" .... 'o, 

ioput votu."e le,'ei !J('('l\U;IC Or trsn~it-t iml' 
eilect.!, ;~ ~h"\\',, in th(' IIrtolnl)''l uyiug plol. 
Ab. )ve 15O I'olb \11th illterrUl1 I'olt:ljfe tl;vider 
Ihere is an 11(111111(011111 (' I'ror of 11111 more than 
±2'iO r')r fre<:l uellclt'li l .... lol\ 500 k". 
O HMMETEI 
lo .. g., 0.2 ohm t n 1000 m~ohm" il\ [unr r:l.n l!:e~ 
wi th ceuter ",cult' 1'8Iu(" <If 10 (, I"l1 ~, 1 ki lol.n. , 
100 ki lohlll~, 8n" 10 m''Rllhm$, 
t .. , Volt .. ,e: 'J'llP ti l' U~t ,·"lIngl' i .. po,.il I\'(' with 
""'I>e('t I" Jl,'n.'UIIJ Knd 11\'1'('1' exrtOll" 1.-" ,'olt>. 
The lOaximum eurrenl (which j" delivered to R 

shurt ('ireui! on th .. 1 .. 11· ..... ' I't ... i-l:inre rnn,l{c) III 
aPl>r'm:imat<'ly j;j !lUI, The 1I1>1'1:illl\l1l1 Ilv:<ilahtfl 
power frum the Ohmnll'ler (' .!'cuit i~ 16 IllW. 
..... u'o .... : ±,'>t} of ill, IIt'IUl'd v,due (rolll I III 10 
011 ..eale, IIJlpnj/\rhll12 ± 10% of imliC'..I t l'l.l v"lue 
I1t 1001111 >'ellie. 
GlNEIAl 
Pow., Roqul,. m,,"'" 10;, til 12." (o r 210 to 2.'j(1 ) 
volt_. 50 tn 400 CI)~. 20 '''HI~. 1I1'l' rnxIIlHl I<'ly, 
'rlol' "Il.'!C is !(l'ulIllt\(',1 h\' tIm third \lire ill Ihe 
POII('I' ('<\r.\. T h(' ""ltmN!'r ('il"'"i! can 1M' d;~· 
t'olLllt'l'ted rrum 110(' I'lL ..... KII(I "1M'ra!etlll.~ much 
Il5- 300 \·.,It,:: \1(' olT )l:I'tIUtltl. The 1 .. \\ !lllmt It.'nni· 
lIul rt'nulin~ I)Y'rm-~L'I1 If) the r!I'4!. 
Prob.Slo,o,.: A !IO~J,;N lint! rt'('1 ~ Iore h!Jth 
pl'(,lI(' Mnd mblt'. 
" ..... o ti •• S"pptl. oI , ~ll!lr(' fll""_'. (,,\ p .2'.? 1'01'."1' 
e .... ,J Illn ~AI! lltllyl. nil n~l'rll"('''' of pl'l)l}I' 
tip,. for "ll.riOIiS tYJ)I'-; .)( t'r)!lIl(,l'ti"w'. 

C .. bi .. . I: Portshle Illudt'!, Fil l'" Tilt "I/.>C. H!\c:k 
llI"tI('I,," t!l-inrh 1>:1111'1. 
Dlm . ... io"", PlITtu!>le mr ... lel, (,,,,(, rif'l${'(I -
7 1,! l,y g!;! \'Y lP1 i!lch~. 119() hy 2'20 by 
205 IIlIn ) , ("'rr-IIll; ml'k mud!'1 1,,)lwl 10 by 
r"4 111"111'>< (\,,;, t.~ 13r, mm), ,1\'!,It. I)('hilld 
jlllllcl !)I'; illrl.(", f:!a5 !lUll). 
N. , W.i.hl: Al)Jlroximllll'I~' 10 pound. (-I.ti kg). 
Shlppi"g Weight : :\I'pruxim!ltl.'iy Hi IlU\lllds 
OJ, k!(t. 

1806,9701 
1806.9811 
1806·9601 

('t1rl 

S"90.OO 
490.00 

35,00 

Vocat ion Closing 

nHriu~ ,11(' \\"'l'k.~ of .l ui.\' 22 !l lld 
J uly 20, our ~ I ;uluf:ll'1 ti ring 1.x'P:11'1 menl 
will 1)(' du"l'd for V3(':ltion, 

Th"I~' will 1)(' hll~il\l','" :\8 1\~lta l iu Ill<' 
::';:)1(,;1 EIlv;il1l'(-'rillg ami ('omuwrc'i:d l )(o~ 

I'mrl nwnt". 1IIIIIIirirs, inel uding I'('qul,,.hi 

for t~h"i('111 and COlllnwr"i,,1 i ll formu. 

I ion, \\'i lll'('('(>iw' OUI' i l ~uul prolllpt :ttll'lt· 
l ion. ()ur ~nic'I' Ik'pMtnwll1 r('{,"Ci'IS 
t h :Jt, )wI'llll"l:' of !Lh:«'I1{'('" ill t ilt' m :! lI l l· 

f:u.'l uring alld ",puir ~roup". sbipmellt>! 
of equipnwnt It) he' rf'pain'(1 at 0111' 

('olU'Ord plalll 1)(> I>dl{'du ll'd to ",:leh us 
aftN the \'I!f'nt iOIl 1)I'ril.HI . 

9 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



10 

GENERAL RADIO EXPUtlMENTER 

REDESIGNED MEGOHMMETER 

SIMPLIFIES 

INSULATION RESISTANCE MEASUREMENT 

l '5('T8 of till' TnE 18U2-B ~I('gohm­
m£'l{'r ' who wl're kind enough to return 
qUl'lStiollnniN'>I d":5(>ribillg their us(' of the 
in"trument and thcjr suggestions n.s to 
how it (>ould 1)(' impro,-cc:! willIX' plca....ro 
to know lhnt they ha.ve had a hund in 
rM(';.ligning 1 hi .. popular ino;trumC'nt to 
rnak(' \\hat should be an Cn'1l more 
8o:lt it'faI'lM.Y unit. The tl('W Tn'~; IS02-C, 
'ihoWII in Figu re I, ha.s ineorpomt('(1 

Fl ..... I . V"'W 01 'h. Type 
1162·C M. gohmm ..... 

rno"t of til(' ideas 8UID;('stf'd and a couple 
we thought. up ourselv('s. Ilow<,\'or. we 
('ould not add ('vcrything asked. for, 
lx-causc we fel t (and US('tS agrero) that 
the small girA! and modcst cost of the 
instrument were among its important. 
features. 

The most noticeable change is ill the 
packaging. Thf' new model i.; hotL'>I'd in 
til(' Flip-T ill ca5l', wh ieh has won wide 
lIppro\'al. part iC'Hbrly ror its :lbili t.y to 
support thl' instru ment with its panel at 

--------------------------------------
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nlmost nny angle. Correct viewing angle 
is importuut for any instrument whose 
output is a meter reading. The Flip-Til t 
case is('spcciully versa.t.ile in this respect'" 
and oITers as well t he add{.>(j fcaturt.>s of 
(·nsy porl.-'lbility and protection for both 
tr:tnsit and storage. Prominent also in 
1 he appearance is (he large panel moter, 
the new GR design with its mu..ximum­
length, open sculc. Further, for easy 
rending and interpolation, the movem ent 
is reversed, so that resista nce values in­
crease from left to right. 

A new feature is the scpur~tI.e, 3-posi­
tion D1SCHARGE-CHAI!G"-~IEASU IH'; toggle 
switch. This is importa.nt for those who 
IISC the instrUIllP.llt to make n::pclilivc 
measurements on u gi\'cn f:lOgO. With 
1 he older instrument. the MULTJI'Ln:n 

switch had to be uscd for discharging. 
:lnd, if the measuremellts were made 011 n 
high resistance range, this resulted ill (I 

lOT of switch rotating for ench m ClUlUfe­

Ul('II~. The DISCIIAUGE l)Osition on thc 
Mlil1l'IPl.TEn switch is still provided. 

The voltage is removed from the U11-

known terminuls if either sw itch is set 
to DJRCIIAIWE. All indicator lamp, lo­
cated ilcar the mea.surement terminals, 
is li t whe.n the. test \'ollage is applied. 
The tamp, which is eSI>eeilllly bright 

JUL Y, 1963 ~ 

whell 500 volts nrc applied, provides a 
warning to the operator, for, although 
the instrument current itself is 1I0t 
d:lIlgerous, a ehnrged capacitor on t li(l 
terminals is daugcrotls and could btl 
lethal. 

One change repeatedly askcd for W:lS 

lhe no\\', tOO-volt, test \'oltnge, which is:1 
su~ndurd for many measurements. This 
replaces the 50 volts provided 0 11 the 
older inSLrument. The accuracy is the 
same fo r both 100 and 500 volts, in COII­

trast to the poorer accuracy on the 
i,()-volt range of the older model. Inter­
rml Ch~l.rlb'CS include the usc of semi­
conductor rectificrs and a. "premiu m " 

tube in lhe meler cirelli!., whose low 
grid current improves the stahility of 
measuremen ts of very high resistanccs. 

Our survcy indicated that over 80% 
of lhC! instruments were uscd fo r inSIlIa­
tion resistance measurements, and the 
rest wcre lIsed to mcaSllrc volume and 
surface resistivity or high-valued resis­
tors. T he insulation resistancC! measure­
ments wcrc on cablcs, capac.itors (leak­

age), transformers, connectors, rel:l.ys , 
printed circuits, motors, and~ switches. 
\\"i l h t he new model these measurements 
CUll be made with c\'ell mort! casc than 
in the pa.:;t. 

- H. P. IIAI.I. 

S PECIF I CATIONS 
R .. nll.' 0.5 to 2,000,000 l1legohrns nt 500 volta 
and to 200,000 mcgolrm~ nt 100 volts. There 
nre six dce.'lde steps selected by n. multilJlier 
switch. 
s.. .. I., Ench r~istA!L~e scn.le up to 5CM),OOO 
ml'!,:ohml! utilize:; 00 '7" of the mNer ~c!l l e. 
Center-senle \'alu~ a.re l. 10, 100.1000.10.000, 
II.lld 100,000 megohms for 500-\'olt operlltion. 

A«u'''.YI From ±3«, nt the luw-~i5tunce end 
(If eaeh c9Cllde to ± 12% (uerurney to which 
the sCllle elm he rt':I<l ) Ilt the high-ro.o;istfln<:.e 
end up to 50.000 me~ohm.~. There can be lin 
atlditionnl ±2% error nt the to]l decude. 

..... 1'''II ... n u"" ......... , 100 or 500 volt.", $..~ selected 
b.y switch on front ]lillIe! . Indil-alor lump is 

li~hted when v,l)taJ{c Is applied. Current u\'8;1-
ahle limited to Illlfc villu~. Voltn~e. ueT()!!.';. un· 
known is 5CM) volts ± 10 volts, or ,t i! 100 volts 
± 4 volt.!r. This \'olffiee !'OUI"CC is I"Cjtulllted for 
operation from 10..')- to 125- (or 210- to 250-) 
\'olt Irne~. 
Te .... lnar., t;nkl1own, gr(jund, nnd guaM U:rnli­
n:d<. AU1Jllt the grouud termirHlls arc insull!. ted. 
The voll.(11-.-e is rernovt>o from the termin!l.l~ in 
the vr",C lI AUfit; posiO",} ()f I'ither switch. 
Calib,a'i .. n, Switl'h po~ition i~ provided fQr 
Ittnndflrdi7.inll: the calihrution ut 5CM) \'oltil. 
P ow • • • • q .. I' ....... h : l OS to 125 (or 210 to 250) 
vults, 40 to GO e(l5. 25 \\"l!.U.!!. Instrument will 
operutc s:iti ,f8etorily on poowef-supply (requen­
cie! up to 400 c~. 
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5 PEe I F ie A T ION 5 (Cont.) 

" ....... i • • Supplied: Spare fulI(';O, two color­
coded lest lelld~. 

C"b lne' , Fli,.-Tiltj reilly-rllck model Illso ill 
aVl\llnblc. 

o;"' . ... lono: P(lrtnhle modl'l, l'1l.'-e rlOt'('{i ­
width Ill~, hl'l!(ht .sl~, depth 7 1 ~ iuche!' (2\.15 

by 210 by 100 mill), over-all; rack moclel­
Ilflnel HI by 5 ' i inches (<&85 by 135 rnm); 
depth behind " .. ,nI'l ;) inches (130 mm ). 
N"t Welghl: PurLable model, 91JOundil (<1.1 kg); 
rack model, 10 pound~ (Hi kg). 
Shipping Weight : Por(:lhll' n" ... lc-l, l(J IIOUl1d8 
(7.5 Iqr;); rllck model, 231)(l1lll{1 ~ (10.5 kg), 

~P~'--t-cc--~----c--cc---cc--------------+-,r~~'"c'"V~"~m~'.~'C1 __ ~IC"';'~'c--
1I602.-C Mego hm", . ' . " Portable Model 1862-9703 $310.00 
1.162_9144 M.g ohmm. ' • • , Rod Mod.1 . . ••.••. .••.••. 1862-98U 310.00 

WESCON- 1963 - August 20-23 
Cow Palace, Son Francisco 

\\"(' look forward wilh pl(':\..~un.' to 
w('komiug HX1)('riml'lIfrr r('aden; to ! Ill" 
(;(>Il<'l'al Badio I'xhibit at \r('''t'on, :'> 1:lIIY 
11('1\ in,;1 rUllwllts will i){' (,n di~pJa.r, 

~\'('ral of lh(>,>,{' han' 1)('(' 11 d('~rilX'd in 
1'('(,(,111 i~~u('" of till' HJ'lxrilllfllffr, Others 
al'(' "holnJ fol' I Ill' finn I inl{' :lnd will be 
li('!S('l'il)(>(\ in fortlwoming i!'.-;IIl'S, 

Type 1900·A Wove Analyzer ,\ 
II('W II:lI'I'O\\'·b!lnd analYlt'r, 20 to 
;-10,000 ('P';, with:~ balldwidths :1, 
10, :"llld ,'j() ('1',;, 

Type 1564·A Sound and Vibration Ana­
lyzer 2.;) to 2,),000 I"P", I ;~- :1IIt! 
I IO-(ld:\\"(> h:lm\", :\JI-;,.olid-l';t:111' 
Cin.'lIill'Y, lin(' or Imlll'ry 1)(;\\('1". 

Type 1308·A Audio Oscillator a nd 
Power Amplifier ZO to ZO,OOO (.'1)::1. 

ZOO-wall olLlpnl up 10 1 ke, low eli,,­
tOl"tiOlI. good regulation, Illet{'r('d 
output. ,;olid-statC' eirc'uitry. 

Counters Type 1130·A with Type 
1133·A Ronge·flttension Unit (Hxpai­
"wnler, Ft'hnuu'y-:\lal'('h , 1!}():-I): 
Type 11S0·A (E'x1x:rimw(cr, .\pril 

I f}(i2 ) : Type 115 I ·A (J~'xp(,I'illl('nt('r, 

,\pril-.\Jay. 1!)(i:1): Type 1137·A Data 
Printer (RJ.'1)( riwen/a, .\pril -:'> Iay. 
1\l(i:J); Type 1136·A Digitol·lo-Analog 
Converte r; Type 1521-A Graphic l evel 
Recorder. 

Type 1025-A Siondord Sweep-Fre­
q uency Generator (Experimenter, 
.J anuary, l\ltn). 

Type 1806-A Electronic Voltme ter {this 
j"sllC' j. 

Type 900 Precision Coaxial Connectors 
(Ex peri 111,,"/('r, F('bruary •. \ larch. 
1 !Hi3) , 

Type 1531.P2, -P3 Stroboscope Acces· 
sories. 

Booth 2215-2218 ________ -' 

General Radio Comp any 
WEST CONCORD, MASSAC HUSETTS , U.S .A. 

NEW VORt( SYRACUSE PHilADElPHIA 
flORIDA DAllAS SAN fRANCiSCO 

WASHINGTON 
lOS ANGEtES 

CH,CAGO 
CANADA 

'. 
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