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ABOUT THIS ISSUE 

When you specify voltage rotio to on accuracy of 0.2 pori per million, as 
we do for our precision decode Ironsformers, il is reasonable for people 10 ask 
how you con be so sure. In answer, Henry Hall conducts "An Exercise in Voltoge 
Division" in this month's feolure article .... Is it too much to expect a single 
digital voltmeter to be a dc multimeler, a uhf (to 1.5 GHz) voltmeter, and on 
ac/dc millivoltmeter, to offer dS as well os lineor readouts, and to have an 
input impedance of 100,000 megohms on all ranges~ No. GR's first DVM does 
all this and more, with only two plug-ins (page al .... Among the many 
improvements incorporated in the latest version of our popular 1650 im
pedance bridge (page 15) is a conductance-measuring capability. Even if you 
don't have any conductors you wanl to measure, the things yau can do with 
ac resistance and conductance measurements should whet your imagination. 
The new 1650 also looks nicer, is priced lower than its predecessor .... 
With the introduction of the 1405 and 1407 series of coo)l,;ol capacitance 
standards (page 19), the benefits of Ihe GR900· precision connector are 
applied to standords from I pF to 0.1 ~F. These benefits include accuracy, 
repeatability, and traceability 10 NBS. 

The Gt.vrai f(rvlio ErpuillintlH i~ mllil{'<1 ('Iu·h mon!h withulit rh.ll.T~ 10 (,IIKi
nee"", ·wiellti.~t~, te('hni('i!ill.~, edllra!or'<, fl1ld ut]WI'l in\(·rt'~te<l in the ill~tmml'nt~ lind 
WrhlLil1l1t·~ "f eJf'rtriraJ &ncl rl{'(·truni(·jt ffi(-'''~'1rt'menb .. \ddrl'~~ all cUTrt'_,pondence to 
Editor, Gr,ural liwiio E.rPfflmn!ltr, (lOoIl('r,,1 H"diu Co., W e~t Con{'ord, ~I as:'. 017bl. 
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AN EXERCISE IN VOLTAGE DIVISION 

VoltllgC ratio, being dimclI.~iolllc.'",,,, 
htUI no legal uuit alld no Illilioll:d lit an
dare!. While rt· .. i"t:1ll t't~, nlll~~, voltage, 
etc arc all dcfillctl in terms of :;tandards 
kC'pt by lIation:1I I:lburatori c.~, 1I11yonc 
('1\11 1Il:lke ratio 1l1(';LSUremcnts :mel daim 
1lI1)' ttt'curlley he feels his equipment alld 
tcehlliqm' htlve gi\'clI him. WhNhcr or 
not. anyOI1<' will helie\'c him is, of {'OU~, 
another matter. 

The G n. 1-193 Preeb,ion DCf":ldc 
Tr:unifurm('r ean casily br fCad to OIlC 

p'lrt-I~r·billioll" (ppb) of input. At. 
rea~onllb1c frequencies and voltages, fie 
mtio-mcasu rillg I\ystems hnw· 8CIISitivi
licli of thhi order, and comparison s 011 

divide rs ran be repeated to Ix-ttcr than 
10 ppb of input, c\'en to 1 pph 011 8Ul'

c('stli\'(' mCil.'mremcnts. L'.:<ing Iwo of 
theM" di\'iders and ren~ri1ing on" with 
respect to the olher, one can detNllline 
the ('orretlion for the 0 .. 1 I>oint N'pcnt
cdly to within a few ppb. 

With relWlution and !;cllsi ti vity aVllil
able and with confidcnce thal we kucl\' 
one point \'ery acrur:Hcly, it took more 
r('t>t nliUl thun we posses.-;cd not. to t ry to 
get the remaining ~teps of 1/ 10 input. 

CHOICE O F METHOD 

The re£l:ults of anyone determination 
of rutio would not be of too Illuch usc. 
Wc 'd nC\'cr really know how close we 
were, and fLlI:1lysis of nil pos. .. dblc errors 
would take years. Therefore, we decided 
to usc three completely different. meth
ods lind to S('C how they compared . 

~lrlllY methods ha \'e Ix>en used for 
ratio mellSUf'Cment. We wanted to usc 
those thnt OffNOO thc greatcst. a('CUrncy 
as well tiS those thnt used the least. 
speeinl equi pment. We ruled out all 

• • \00 .\"'fr,"" bilLion. or tOt, not ... I::q:l;ab b,Uioll (10"1 

methods using re~isloN, C\'cn though 
the:oC e:m be tillite aCl'u rate under cer
tain condition" .. \t I k H z and 100 volts, 
where we W;tntcU to work, IOW-v:llucd 
re::i isto~ di~,;i pate too rnueh power and 
ihu:! eh:mgc miLlC', anti high-valucd 
rt'Sist.ors c.xhibit. too much pha$ shift. 

The three methods we decidt'd 011 

were ( I) the cyclic c:Q)..'1citor method of 
Cutkosky and Shields,l (2) the <lboot_ 
strap " method of Sre,t and (3) a 
"straddliug " met hod based on the 
commou re\'ersing technique. 

Cyclic Copocitor Method 

This method was ehoscn becnuse 
Cutko."ky find Shields I had such good 
results: .J ppb at ,~% confidence for a 
10 :1 ratio. While we didn't. plnu to 
duplicate their equipment, as a manu
fnctur<'r of reference :$tnndurd capacitors 
we do ha\'e a lot of thei:!C ..'l\'ailablc, and 
thi s method requircs good capacitors. 
The decade tmnliforrncr iiJ compared 
with a cnpacitive dividC'r, or rather to 
sever-II eapadti\'e divide l'li , for each 
enpntitor is u.sOO in both hnlves of the 
di vider, f\!ld the a\'ernge of all mcasure
ments is taken. The beauty of the 
methoci lies in its mat hematics. As nn 
example, take the :1: 1 divider shown in 
Figure 1. If each capacitor in turn is 
connected to the high in put ..'1nd the 
others t.o the 101V, t he lH'emge of the 
three ratios is: 

~ ( C, + C. + 
3 C1 + Ct + C, C1 + Ct + C, 

-::-.,--:;:C. ) I 
C t + Ct + C, "'" 3 ( I ) 

All that is required is that. thc ctlpaci
tors m:lintain their \'a lue8 during the 
cycle of meas urement. This means that 
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FI.ut. I. Slmpllfl . .. 
dl •• tom or copocl_ 
II". d i"ld ... us"" 
... Iy Ihr •• c.poclf .. s . 

<, 

.. 

they must hrwe low temperature C~ 
efficients and that. the me:lsurements 
must be made in a well controlled room. 

For ou r measuf'('ments, 10 eapacitors 
were used . For odd values except 0 . .), 
10 separate measuremcnts had to be 
made; for ('ven \'ulues, fh'e mellsur~ 
mellts will do (switchiug two eu pnci tors 
lit a time); nt. the O .. j point only t.wo 
measuremen ts nrc necessa ry. 

The ci rcuit. diagram for these mcas
urcments is shown in Figure 2. It shou ld 
be noted thut the cn pacitoNl (Tn}: 
1404-.\ , 1000 pF) arc three-tcrminal and 
have appreciuble capacitance from each 
termi nal to casc. At first we tried to use 
1\ &,pnrnte guard didder to ndjutit the 
CIl!'\C pOlential as n prelimillury balance, 
but the bahmee of ~uch a guard wa:; 

e"t remely (·riticnl. Therefore . we tied 
this point directly to the output. of 
the di vider under test. This causes 
negligible londing error because ( I) the 

FI.ur. 2 . e ...... eli ... d l •••• m 
f •• ~cy cl lc copoellOt" mDtll ... 
( .. 01. : .. _ .. um ••• of ""'" •• , 

I .. pull. 

". _. 

output impednllee is low, (2) the stray 
capacitan(.'CS form a di vider of almost 
the same ratio, find (3) the cyclic rotn
tion of cn p:\citors rotates t hese st mys 
also so that this souree of error is also 
a\'eraged out. 

The only special equipment. required 
was the special switch box to connect 
the low side of each clipacitor to either 
the high or low side of the input. This 
bo" re<tuircs no special internal shield
ing :l!Id is very eusy to make. L'nfortu
!lalely, Ill:my Itlborlltories nl:\y noL huve 
ten 1404-..\ capacit.ors. 

The Bootslrop Method 

This Illethod uses a shielded , 10 :1 
truneformer :lS 11 yardstick to lllellSUre 
each step of one-tenth input. While this 
yardstick Ill:ly not. be cOlllpletely accu
rate , we know thnt the sum of the 10 
steps must be unily. This extra condi
tion gives the cxlm equation ncccs.-mry 
to detcrmine all voltagcs. Puning this 
into algebm ill lJ tcad of words, we h:we, 
from Figure 3: 

E .. - E",-~+ Ey, (2) 

und because the input. 18 unit y by 
definitiOIl : 

r- .... 
I r----------
: I . .. ... ,. r----i 
"c ...... ...u:.~- , 
I t 'fit 
'I ~: 
" ' l ___ , , 
I I : . , 

, , 
,,"' .. Itt , , 
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IOEy + ~ 
I - I 

from which 

E, - ,~ (I 

FII.... 3 . BOlle p. in d pl . of 
"boot. l<op" ,,, . thod , wh • •• ET 
I. th . "°11°1. obtol n. d f. om Ih . 

Ihl. ld . d 10, II.o n<lo. m • • • 

OJ = I, (3) 

10 ,} " ~ 
j = I 

(-I) 

To find the value of each step, we add 
up all voltages from zero, or : 

k= 1 

n 10 
~ OJ. (;i) 
_ I 

=~+ ~ 
10 k-

In 1wtual di\·id<'r.'1, tile voltage diff(,r· 
('m'(' betwl'Cn t he 0 :md fuJ\ · ';('al(' :<{·t
tillg~ i!'l not {'qual to lhe input \'oltage 
\)eC':IuS(' of \'oitag(' d rop in the wiring. 
T h('feforc, the input. voltagc must be 
m"lIsurro at lhc high 111ld low irlpu t 
terminals if e:-.:prcssioll 0) abovc il'l to be 
valid . The eorre('tions for til{' 0 and X 
( 10) positions ('all ea::ily be detcrmilled 
from tire small differClwc betwccn th(':-;o 
scttillgs 1Uld the in put terminals, 

While ill t heory the voltng<', E,.. could 
be any valuc, it is highly desirable that. 
it be as nea rly equal to one-tenth flS 

po.. .... "ible, so that all diffcren('es will be 
small for act'uratc measurement and so 
that cha ng!'!; in the Ey ('fror will not 
he importllnt. This tran sfOrllll' r mus t. 
he douhly ~hielded; we W1tll t Ey to be 
iud('pendent of ratio st'ttin~, and this 

"""would not he so if there W('TO l'lI paci. 
tU1I{'es to either wi uding from nlriab[e 
voltages. We fi rst used a simple shielded 

M a y, 1968 

toroidal transfo rmer , which had an 
error of about 30 ppm (30,000 ppb) of 
input. This wou ld not have been too 
bad if it ~wry consbillt, but UIl

fortunately this ratio depended hc:wi[y 
on in put voltage. A better transformer 
WflS required. 

[n his puper on this met hod Sze used 
:l "two-stage tran"former " as deseribed 
hy Brooks nnd [l olt z' and by Cut
kosky'. Rut'h fL cir('uit greatly rOOu('es 
the ('fror du(' to \'oltug<, drop ill the 
prima ry hy ;';: lInp[illK the flux and add
ing additi on al \'oltaw', The full input 
yolt:l!!;c in Figure I is applied to winding 
#1. lI o\n'l\'('f, be('au~e of the volluge 
drop due to 7," t': twd e1ure slightly low. 
The dilTerellt'c hetll'('<'11 <' ", :Hld e: is 
a pplit'o to fL ~e('ond t ran~formcr whose 
output i:; ;uldcd to ('3:1~ 11 (·orrecti on. 

The transformer we w<cd , ~ho\\,11 in 
I'ro.s"·,,e(,tion ill Figurt, :), \\·us ("0 11-

~t ruC'icd quitt' dilTNC1l11y from S7,r',.. 
Two of th<,~('1 tran .. fornwrs \I'1'f(' mad e, 
Hnd bulh had ratio error" of Ie,..,; Ih:'11 
20 pph nf inplll (or 200 pph of outpu t), 
:'\ute tlllll th('l outer winding of the two 

.'" D'.~ · ooa' .... 

."D"~ ~ • 
• «1 ••••• 

-

~ 1 9 "' . 4. Slmpllfl . d d l,, · 
I.om of " two_ l l"g ." 
t. ondo, m • • , w hi ch II 
o<l .. olly t wo h o nolo,m· 

. " Inle,eon"u t. d , 

Ell I 0 
too. .. ,.D'o.S ·'. · ' ... , .... 

'0_. ~ .. '._0 ... ''"'' tOoU' 
Fill"' . 5. C. oll _netion diol.om of "two· 
olog _" I.onlfa , m • •• Nolt two lo.oidol 

co, .. .. .. d . 
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BOOtSTRAP METHOO 

FI,II'. 6 . Conn .dion 
dr.,..... f. r .... 001_ 
Ilrop " .... thod. 
(Nol.: n _ nw ... b., 
0' t , nlh. of l "pIII . 
AI ... Idpolnl n _ .5 
o"d n-I'I _ 4.5, 

which '" ° .0110 0' 
O.4S) . 

~ 

• 

.. -

• 

winding;; on thc uPI)('r {'ore is us<'d as 
winding I I hec:lu'-;C il hfL'i mol'(' nearly 
{'IJUlIl coupling to Olltput (/:1) and to 
sampliug \\indiug (1'1) than the inllcr 
windillg ha iol. 

This hoohtr:lp method W:Uj the ea!'i
('~l 10 u,;('. :\Iea.·mrclll{'nts and (':tlt-u la
tion~ for ;l11 I 10 :-;te118 ('auld he made 
easi ly in 011(' hour. Th(' ('om pJete ci rl"uit. 
diagr:un is shown in Figul'(' 0 . The 
!i1X'("ial I ran"formcr i~ not too difli('lIlt to 
make, pMtit'ularly if a toroid:11 winding 
Illal'hinc i'i uvailahlr. 

The Straddling Method 

.\ 8 S:lid I)('fort' , the t'orrc(,tioll for the 
0 .. -, poiut ("11Il 1)(' ca.~ily found hy fI'

\'cr~:d of OIlC diddC'r with rc!!p{'("t to 
:lnolhcr. By contilluing stich di \'h:ion, 
OIlC (':til gl't I , poiUI-!, t hcli 18 point,;, 
('Ie (M'C Z:lpfi ). l 'nforluniuely, 1110:;1. 

di"id{'r~ :In' dct,:tdr rather than hinary, 
!l;O this sulxii"i:;ioll i;; not !iuit:lhle. 
!l owen-r, if one kllOw~ lh(' ratio he
I \,'('CII all paiN of adj:t{'clll decade 1:! ic ps, 
it ill po:-~ ibl(' to cah-ulat(' the ('orrcdiOIl 
ror raell !<tep. The,.;o ratio;;; elm he d('
lermined hy the lI'«.' of another de('adc 
Iran~forrncr stradd ling e1lell p:\ir of two 
1/ 10 step:; (.'«l Figure 7) . • 

• 
• 

" ' 
--_., , , 

" 

• 
~ 

10, I)I"'D[~ 
TU-"_" l_ UfOot:_ =, 

The algebm IIcrc>!s,'lry to detcrmine 
the exprc",,,ioll for a ny poi lll is tir{'~ome 
(though not difficult), and so it will not. 
bc repeated here. The a rithmetic re
q uired to eVHlu:lte c!l('h poillt. aftcr 
mea.;;urrrllcnt i" l1 1so drt':try, 80 w{' pro
gr:unmcd n computer to d o the joh for 
liS. 

The ('irt'ui!. d iagram i.~ !ihoWIl ill 
Figure 8. Sevcral point>! are wort hy of 
lIole: 

J. T he dil·ider being testcd hiLi to 
h:\\,{' !Ill its 1/ 10 ste p>! brought. out. 
Wh ile it would be p().~"ihle to hrinp; out 
lhc taps of a cOlllmerei:lJ di"ider, we 

made a special divider uoSi ng the first 
tr:U\.~ f()rn\(·I· from a (: H I HH. 

2. T he cOl're{'tioll for thc stradd ling 
di"id('r:"lt the O .. j point i>! detcrmilled by 
rel'ersal of it~ ]e'lds. 

a. Thc .'ltmdd ling d ivider loads the 
d ivider 1Illder te"t. In pradler, the re
.!lulling error i'i :tlmo:<t Ilcgligihlc. The 
magnitude of the change c:lll>!ed by 

Fltw •• 7. P.;n~l pl . 0' M.t, od. 
d Un," ... .... od, 
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STR,t,OOUNG M[THOO 

DlvID[R 
BEING 
CAlI ..... ,[D 

r~--~ , , I , , , , , , , 
, 

1 , , , , , , , , 
t. _ _ _ J 

loading II':\S Jl\c:\suroo by the addition of 
still flnot her divider in parallel with 
the straddling di vider, and the resulting 
change of setting was used as a cor
rection. 

'I. The high alld low in put terminals 
should be used fo r lhe lUensu rrment, 
in stead of the X and 0 points, so that 
the. total voltage is unity by definitiOIl. 

RESULTS 

Figure. !) shows the measured correc· 
lions for Crt 1<l!J:3, Serial No. 110, made 
by two rlillS using ench method . Note 
that the worst spre:ld of points is less 
thun 30 ppb. :\lany more rUllS have 
been made by the booL:;lmp method , 
find they all fell wit hin t his spread. 
Also in lhis plot is the 0.5 point deter
mined by si mple reversa l. I IS location is 
reassuring. 

We are somewhat hesita.nt to place a 
number 0 11 our uncertainty because of 
t he clamor this usutllly raises from 
stii tisticia llS. We prefer to Ict the. results 
speak for thClllSC 1 \"{~R. I lo\\·e\·c r, we 
feel quitc confident that the avcrnge of 
these llIea:;urcmcnts is within 20 ppb 
of the true mtio. Some re:ldcrs may dis
agree with th is conclusion a nd a rgue 

" r-

May. 1968 

flg ur. I. Co nn u llDn 
d lDg.Dtn of " 1"oddUng" 

tn e lhad, 

that nil t.hree methods could bc wrong 
in thc same dircction, which cou ld be 
t ruc. :\laybc somcc:i:ly we'll try still 
another met hod or two to sec how they 
come out. 

An independent check is our !\ US 
calibrlllion , cven though the Burcau 
clu.imed on ly 200 pph of input. · The 
N BS values ditTer by as much as 50 

• • 

- ,------,-
• 

• 
" 
• .. .. .. .. 
~ .-

\ 
\ 

.. 
. .......... """',,( ( .. « " ". 
- <- ooo,uu • 

GOO '49' . '10 I·... IOQV 

./ , 
......... . - ......... 116 ,.· .... ....:<' .. 00 ..... , ---- ~ ............. "' ., .. 

i 

1 

.. 
a ........... ..... ,." _ _ , ....,. 

Flgu,e 9 . It .. ull< Df Ii. <alib.DliD n • • Iw o 
u . lnll eo<h ... . ' had . Co"." lo n In parl. _ 

pe r- b illion p la ll ed ". ral;o . 
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pph from our nycrogt' vulue. We hn\'c 
('ompletc ('onfiden('c thnt wc arc within 
rIO ppl) of tru{' \"/lllIr. ,\ s :\ result, wc 
now ('hr('k 14():l's to hr within \. • .0 ppb 
of hoth :\ BS :IIlU our uwnLgc \'lllu{'. 
We tlHI~ £('('1 quite ('omfortahl(> with 
our "pe('ifi('ntiolL~ for thl'S(' di\"idr~ 
( ±200 ppb of true ratio). 

One nole of ad\"k(' for othrr" at· 
tl'mpling ."lIth m(,(I'<urcn\('llts, ;\fany of 
the Illrfl!'lUIT'm{'nt" WN(, made hdore 
we rr:tliz('d thl' importn!l('(' of drmag· 
nNizinJ!; the di\,idcN ('flrefully I)('for(' 
mCfI:<UIT'llll'nt. I II ~omc (,fI';{"S, pre\'ious 
o\'crhxtd.'i (rcmo\"('(.1 Itt peak ("urrcnt) 
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'T, L. Mipf, "TIll' ('alihrllOnn uf indurliv{, 
Voltage f),vid(' r ~," /.".1 Tr(JllMJ("lio"." \ 'ul. 2 
:\u. 3. July 1003, p I!lS. 

A VERSATILE 

• 
o 

o DIGITAL MULTIMETER 
WITH dB READOUT 

• • 
Ty,. lUO DI. it .. 1 
V. It""t .. , with 1 U O_ 
PI ph,. _I .. I .. pI ..... 
I .... ' .h. w. · P2 

,lu.,l n, 

Prrhap" OIlC of thc simples! de('isions 
nn illst rumen! usrr should h:\\·(' to makc 
i" \\'hit"h digit!tl \'oltmf'ter to huy. T hi'! 
is usually tru(' if onc is eOIl('ernro pd· 

o , ~~ . 
.~ 

• 2 0- 5 I 

I 

-

r 
marily with d(' \'oltagf' men"urrmC'nt~. 
For n~ .soon :\!I Olle ~pc("ifi('s lhC' dC'.~ir('d 
de a('cural'y, the ehoi('e is uswllly 
limited to 3. group of in::;trumcnts, :lml 
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one then need on ly select [l unit ouL of 
thi s group to meet his other require
ments. 

Digital \'oltmelcrs firc al so becoming 
incrca.o:ingly Ui~eful in the field of no 
mcnsurclllcnls. Il erc, howc\'cr, the 
choice is morc difficult, becau5C mallY 
of 1 he fcMure.'; th:lt one would normally 
r<f'rk ill all [I.e meIer h:\\"o, until now, not 
been [l\'nilablc in a digil:l] instrulllent. 
General lladio has tl.ddrl's,;cd its first 
digital \'ol/meter, the Tn'~: 1810. to 
this lack. De"igned primarily for ae 
illC:lSllremenh, the 1810 will nlso mea s
ure dt' \'ollllg(', rc",istancc , and nc and 
de ('unenls. 

The 1820 is :\v:libhlc with eithN of 
t wo plug-ins, the 1820-1' I :llld the 1S10-
P:? Both arc ae-de plug-ins; the d if
fc rctl('{'s hetween them lie in their 
\"oltuge aud frequcncy ranges and are 

....~ 

I 

I 

M ay, 1 968 

Flout. 1. VoUoo . ond 
ft.qu . .. cy tono . o f th . 
1120 DVM with .och of 

ilt pluo -i n •• 

seen tit n glance in Figure 1_ Whieh 
plug·iH to use depeud:; Otl whether one 
want s ultr;l-high lienlii ti\-i ty ( I po\' for 
the last digit ) and a frequency range 
to 2 :\111;: or ultra-high frequenf'y 
(to \"j G il l. ) with medium sensi tivity 
( I Ill\- for the lastdigit l , Thi s combina
tion of plug-ills ex te nds both thc sen
si ti\-ity and frequency ranges far 
beyon d tholiC aehiewd by other tl\-ail
ahle digit al \"011 nH't('r~. 

D iree\ dB r('adout, so often desi red in 
a{' Tlle:u;uremcnts, i" rather {'ommon on 
analog \"oltrncter:<, hut ra re 011 1)\' \" :<. 
The 18:!O off('r:< hoth linear and d B 
readouts, switch-selec table at the front 
panel. 

_\ ...; :m a(' \'oltm('t("r, thC' 1810 is oh· 
\'ioll~ly in a r!a,.,s hy it;:('If. As :l de 
volt m{'\('r, it offer,.; t wo features not now 

available in other D\'~ " S , First, no at-

9 
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the!;lExpe ri mante r 

~ . 

•• 

L ___ ~-' 

, 

, I 
·1 !, , 

fig .... 2. In .... t l ... p.cI .... , . 0' DVM 
II •• Itl,ol I ...... 0 ........... 1 ... ,h 01 
th .. t I .. d leot.d h... h.. '0. ' ). 

tenuator iJi u:;ed on :lny rangC'. 
Second, ihcl"{' nt"C fI!ol Illlllly lIS six (wit h 
the - P:! plug·in ) automatica lly selC'ct
able rnnge:'! Otl IIC or d e. It is worth 
taking a few momellt~ to 1i('(' how th('.-,(' 
rCtll ut"C~ arC' tmntilated into increased 
II('CU I'IWy of mcn_~urcmcnt. 

One of the ('ommOllC'.~t C' rro~ a u~r of 
onl ':-\ CIH'OUtlt ers, especially with high
impcd lllH'e {·in·uiti', is t hat due to the 
finite input illllX"dnllrc of the \"oltmc1('r. 
For in,-;tanl'c, SU PPO!;C' thnt we arc 
ahout to Illrll.sure a vo[tnge of I:) \'o[ts 
dc, wit h 11 !.'OUfce imped:lIlce of 100 
kilohm~, to 0.1 ('~ :l{'cumey (R('(' Figut"C 
2). If we u."(' a popu[nr DVM wit h a 
Pilated nC{'Untl'y of O.OO.V':b of rcnding, 
our mensurt'mt'tlt will rcally be a rcurnte 
only to 1<1 . hccnu .. e the input im· 
,X"dall l'C' of ihi s \"olimeter, like tha t 
of 1ll0l'it others on thc marht , is only 10 
megohms aho\"1' 10 \"oit s. On the other 
hand , if we Illnde lht' same mea~ure
mCllt with thc 1820 with a 0.1 % 
bn:;ic accuracy specifi cution we arc 

f ig",.. 3. SI ..... lIfl.d 
block 0110(1. 0... 01 Ih . 

1120. 

~ . . - -...,,~ ........ 
-' 

mnking a t rue O. Il'h mC:l.o;urement, 
sill ('1' the illput impedan ce of the 1820 
with the ·1'1 unit i:j at. le:lst. 100,000 
Illrgnhms on all rangps. ( \\"i t h the 
·1'2 plug·in iL is greater t han 1000 
megohm!:!.) 

The amilabilily of six lHltomntitally 
!;('[tl'ted I":tllgpg with 110 (,,,trrna] pre· 
amplifier mean~, for cxampll', t hat olle 
C:l n mCllsure + 200 \"olt ~ and. imme· 
di:lt('[y therr!lfter, - 2 milli volts, bot h 
with 0.1 c-~ accuracy .. \ gaill, if wt' were 
to u;;e u popular DV.\I with a 1I0mi· 
nlll u(·('urul'y of 0.00.)'1, of rC:ld· 
ing + 0.001 'l, of full sca le und with 
Sl'n"iti\'ity of O.O'.)91J \"olts full-sca le 
(wit hout e"tcrnfl[ nm plificr), our mt'flS
urcment of 2 m \ . will be good to on ly 
l "OII("l'uracy. 

The fo rrgoing examples ind iC:ltc the 
dunger of ~Iecting II \·ohmrter on t he 
basi "! of a('(' uracy ~pe('ifi('a tion s :1 lone. 
A moderate·!ll'e ural'y 0\'.\1 such as the 
1820 may ill fal't grcntly outperform :1 

higlH1Cl'U raey ins trument in many up· 
plil'tl lions. 

GENERAL DESCRIPTION 

The 1810 i~ a ramp-type digita l \·olt
met('r, ~hOl\'n in general i?ed bloc k· 
d ingra m fOl'ln ill Figure 3. The fl t:l rl. 
!luI"" ini ti llte~ the r:llllp and :lIso starts 
the timc interval. When the ram p vol t· 
ng<' cquals the inpu t !'igllal. the l ime 
inter\"ul ends and is indi('ated digitally. 
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Ih. I120. 

H the ramp "olta~e I'; lin<:':lt with tim<:', 
til(> time int{'rnil is propnrtioll:ll to th{' 
input \·o!tag{'. I f til{' ramp \'oltagc is 
nn expon{'ntially d{'('ayillg fmll'tioll of 
time. the tirn{' inh'f\';ll will bc loga
rithmi('ally r<'iat{'d to thc iuput voltage. 
Sillt·(' tl)(' ('uncut in II s('ti('." III' ('in'lIit 
i ... all e'\I)ollclltial fundion of time 
for :\ stC'p ,'olta,!!;<' appli('(1 to thC' srries 
f'Olllbillatiotl, a mmp-Iypr 0\' \1 is idC'a l 
for logarit hmie I·{·adout. . \ .'1 a maUC't of 
fael, it would he C'('ol1omi{,lIl1y prohlbi
ti,'C' to in1'orporate thr log;trithmit·
l'(':uJouI fC'atur(' of Ihe 1820 in allothrr 
typ(' of onl. 

Figun' I shows nn oscillogram of 
tI)(' lin('ar and log ,,\I'(ll'!>S of IhC' 18:?O. 

Input Cirevils 

One of the t'hit'f fC':ltun's of the IS:.'O iiS 
the high input impl'(hllt·C' on :111 r;tllgl's, 

a('ili('I"l'd through lil(' tH' of :t brgc 
1U'Jl;'ltin' f('('(lh;l\·k :lppli('d around the 
input amplifil·r. 
Ingeneral:' 

I - (, \ 8)l<c' 
Z", ( 1 - .W)oc 

f l ...... S . • ~ w .. ".'o,'" 
.. I ph"I .. ~h .. pp., ..... 'p ... l. 

f l ...... 6 , SI"'pllfl.d u h._ 
... allc d l • • , ..... . llh • • " Iput 

..... pl i" ... __ 

M ay. 1 96B 

where (:\,8)>;(' is the short-rirruil loop 
gain and (.\(j )()(' is the OIK'IH'irl'uit loop 
gain, Sill('e tllC' lo()!> gain wit h input ter
minal" OJX'1l is zero, thc C(luation above 
is rcducro to: 

ZII, = Z,. ( \ - Ap)se 
In the Ht.'O. t\1C' I()()p p;ain is nppro~i
nmtely 80 dB 011 all but tllC' 2-1ll\' range 
(whcr(' it is fiO dB). Tim ... if We' take 
the SO-dB figun': 

Zn. = Z;n X 101
, 

'I'll(' input eircuil ill t'itil('r plug-in is 
a full-II':I\'(' pholoehopper olX'raling at 
ahout 270 Ii;( .. ' j'll(' illl])('(I:\ll(,(, of the 
phOIOl'hopprr i,.; ahout :)()(l ;\ 111 ill the 
-1'1 Hnd .iO :o.1!! in thC' -1'2. Thus the 
typieal input imp('(i:lIl(,c I.i ahout 
:, X 10(~ ohm" for till' -PI aud :, X lOll 
ohms for Ill{' -!'2 plug-il l. Figul'(' .j 

:<ho\l's th(· a(' wan'form al the output 
of thC' photoehoPI)t'r ('irruit in Ih(' 
-1'1 Ililh til{' f(·{'\lhurk di "\('tJ/lII('(' ted , 
It is inl(·I't' .. ling to nnte II\{' fast 1'1-;(' 
~lIld fall tinl(' . ., of til(' ('hopped WlWe(UrHl 

:It 270 I fz. 

Output Amplifier 

ThC' output :unplilier ttl t':lp:IIM of 
±2:,o \"olt:-; .. winA:. Thi .. i.-; lH'l·C' .... :lry ill 
ordrr to m:lilllain the high input jlll
JX'<blll'e 011 :\11 taug(',;, im'luding thc 
2:...'0-\'011 rang('. 

o T, s, c;"", Ipph,,/ "'/UI'''.'c,. ~nd I:;.lit'on. Jolon 
\1 01~)· k :;.,,,. Inc .• ~~" \ or~, 

_ . 
• '10'--· -,----,--, 

ow ., 

" ~ . 

,. ,~ . 

'. 
""' .... 

11 
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the . xperiITIente l' 

K. George &1ekdjian 
~ived hi~ Kil. tllld 
M.S . degree8 from 
~I.I.T. lie joined GR 
M II development engi
neer in 1004, I\nd i~ 
l>retlCntly Ii member of 
the lndu"trill.l Irl.@tru
ments GHOUr' lie i~ " 
member of I-:EE, Tllu 
l~lA Pi, Eta Kal>11ll Xu, 
lind Sigma Xi. 

Figu re 0 is u si mplified sehemutie 
diagram of the output amplifier. Tran
sistors Q·I lUll.! Q.) fire current. 80urces 
Cilpable of prodding fi 2.)()...\'01t. drop 
across the IO:l.d rc"i:;tor, Itt.. Tr:m.::islors 
Q2 and Q:1 ure current. .!Oinks which, 
when in the .saluruted state, will ab"orb 
the current. supplied hy transistors 
Q,I and Q.5. 

Tmll<;;i:'ltor QI is the low.lc\'el cont rol 
unit. for t.he output. amplifier, If thi~ 
tran "ilitor is sll.t.urutcd, Q2 :tnd Q:3 
are ('ut ofT, find all I he current. supplied 
by trflll<;;istor:i Q., :Uld Q.) flows into Ihl' 
lond re~i~tor, On the ot her hflnd , if QI 
is cut off, Q2 and Q:3 will be s:lturaH'(i 
and the \'olt:Lge lI(' ro.~ Ht. will he -:300 
volts lesg a 8m:lll \'oltage drop from the 
collect.or of Q2 to ground . 

UHF Probe 

The 1820·1'1 u";e,, :l uhf probe for 
mC:lSUr('ment~ up 10 1.5 (; l iz. Voltages 
UI> to 200 \'olt<;; rms can bc measured 
directly with thi s probe, althuugh !It. 
frequencies ubove 500 .\1 li z t ilt' maxi
mum voltage is reduced somCWhtll. 
Phy:;il'ully, the probe is similar to t hut. 
used in the GR 18()(}-.\ voltmeter,' 
but the lin('!lri7.ers t.o corre!'t t he 
re~ponsc of the probc at different. le\'cfs 
nre more accuratc. 
'J,,_ J •• " ....... Jr .. ··II,.h~. " ..... "'"', 1I;~hpr . ..... 
'I"""""" ..... h s ..... f:lHlr ... "e \'oll"'~I"':' G .. w.1Il R~d .. 
l:zpu."",..J(T. J .. 1) 1003. 

Resistonce Meosurements 

The primnry functioJl of n DVM , of 
course, is to measure ,·oit:lges. Some 
instruments, im'hlding the 1820, eall 
ll l ~o mensure resistlillce and cu rrent. 
by converting these quantities int.o 
voltages. 

Current s lire u'iun lly mefiSlired by 
means of a shunt. resistor lit. the inpu t. 
t.erminals. The schemc used for resist.
all('e mell~uremen t..s is more complex 
and must. invoh'e ~omc kind of current. 
sou ree at the iuput. ll'rminal .~. 

There ll re two problems nssOl.'intcd 
with high·valuc (> 10:\1!'}) resistancc 
measurement with O\,M 'S: ( I) The input. 
impc<iancc lIlay not be high enough on 
all ranges; (2) most. tran sis t.or current. 
sources become lIluch less than ideul at. 
t.he~ impcdallec levcls. 

Sincc the 1820 has lit. least. 10" ohms 
input impedunce on nil mnges, it. 
ea~ilv meets the fir.!'1 requiremellt men
tioTl~ ahO\·e. The following tCl'hnique 
was uscd to o,'creol\lc I he limitations of 
trnn:;istor currcnt :;ources (sec Figure 7). 

A consta nt-current. source is ob
tainC(i by me:U1'i of II fl o.uing voltage 
source in series with II re~istllll ce in the 
feffiback path. SilH'c 110 cu rrent. will 
flow in the error nmpl ifier, the currcnt , 
i, IllU<;t. fl ow through t he unkn own 
rc,.:iiStor.;, H ~. This will produce across 
the input lermin::al s n voltage V K thra 

'. 

." fl,." . 7 . ... ill ... U-... . alu' . ... . ." 
luh.,lqu. wil h Ih. 1120- 1'1. 

I 
! 

I 
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Figur • • . Ba, le el reuil d iagram of Ih . o pe ro lionol 
<. ctm ... of Ih . 1820. 1"2. 

will be ('quill to VI by virtue of the high 
gaill of the error amplifier. But, since 
current mu.'!t. flow through the range
set.ling resistors at. t he out put. of the 
error amplifier, a corrct'tion must. be 
made fo r each rangC'. One could measure 
resi.'!t.ors up t.o 200 megohm:> wil h ! 11(' 
1820-1'1 if the maximum \'olt:lgl' at'r01t-; 
the unknown were not limited to 70 
volts. Tho~ wishing to mea .. mre r('~i s

tOI'!! up to 200 megohms mny dist'ollll('d. 
the 70-volt limiter, pro\' ided that they 
cun tolerate up to 200 volts across the 
input terminnls. 

The Average-Resp and ing De/ecta r 

T he 1820-P2 uses nn operatioll~1i 
rectifier to COli vert nc into dc. The 
detector is cnlibrnted to rC'nd in terms of 
r ms volls for sine Wlt\·es. Figure S 
shows the basic circuit diagram for sueh 
n deteet.or. 

A simplc passive II<.' filte r will fi[kr 
Ollt the ac signal at the output without 
introducing long settling times. At [ow 
frequencies. thc illput-filler lime COli
stant may be inl'rcased by Il front-p!\I1c[ 
control to reduce the nc component 
further. 

Dc Diffe rentia l Ada ptor 

It. is of len desirable to usc a I)\'~[ 

in n bridge circuit or in a floating con
figuration. The eOlllmOIl~modl' \'o!tuges 
eithcr at de or power-line frequcncy 

MlIy. 196B 

usually limit the accuracy of measurc
ment in slich sit.U:1tions. T he problcm is 
more sc\'erc as soutee impedances 
greater thaI! 1000 ohms arc encoun
tered bccausc of the unb:tlance betwccn 
the high Rnd low terminals of the 
instrument. 

The 18~0-pa Dc DilTercntinl Adaptor 
(Figure 0) was deliigncd spceifi{,ll11y to 
impro\'c the com mon-mode rejection 
for high-impcdanee~uJlhalance cir('llit!!. 
It plugs into either of the two plug·ins 
to convert the unbalanced input to a 
closely balanced dilTerontial input. This 
adaptor i!'\ Iwt ually a low-frequency 
(20- lI z) ~:lIllpll'·alld-hold devi ce in 
whkh the s:lln pling period is {'qua[ to 
the holdillg Iwriod . The input und 
output n'!:Iys :Ire timed so that one p:lir 
opens hefol'e the otiwr pair closes. 
TIHI~ til!' ou tput is Ile\'er in contact 
with the inpullerminnl. 

[ . 
fi g ur e 9. Th . 1120- ' 3 0< Oiff ... nllol "doplor, 

shown in plae. on Ih . 1120_ 1"2 . 

APPLICATIO NS 

Automatic Dc leaka ge-Current 
Measurements 

Thc 1820 ('ll1l he lIscd to mnkc ]rak
age-('Urrl'lll measlirCIllCllls on capaei
lor . .;, diode.:, tl':lll",i"tors, and other com
p0111'nl s. _\ typi l'a l l'apal:itor ll'akage
{'urren! !""~f'1nhly is shown in the block 
dillgram of Figure 10. [n this system, 
:I Cll 1770 Scanner conned" thl' com
ponl'nt s to the \'oltnwter serially. All 
external progra1111llt'r ac!i\'ates a pro
gr:unmahle powcr su pply so that proper 
bia:; voltages are applied to the com-

13 
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Figu re 10 . Ty plcol . y. tem for meoll"l"g copocllo r 
leokoge curr e "t. 

poncnt~_ Thi" progr;unmN al~o dNC'r
minc;, the ICligth of tiTll(' 1I ('('l'~lry for 
the roml)()IICllt to ;;tnhilizC' b<'fore 11 
mC':l~IIr<'IIlClit C:HI 1)(' made .. \ ftC' r this 
timC' inlrn·al ha~ ('1:q)M'd , the program-
1llC'r Ruppli('s a gnt(> signal to t hC' D\,;\. 
to makl.' lh(' mC:\_~ lII1-'m('lIt. TIH' 18:..>(J 
with t!i(' - p:! plu~-in i>l qu ite ;;uitahle 
for low-I(,"el 1(>llka~c-("urr('nl 111(>II"UI"('
ment:'(, I'ille(' th(' N"_"Olulioli 011 the mosL 
S('llsiti,"(, range i.-l I pi(·oam pe re .. \ ut~ 
mill ii' ranging of the 18:!0 will d i;;pluy 
t he r('~u lts wi thin a fm \'liol1 of Ill'('tOlld, 

on lilt' mo .. ,t appropriat(> rang(', ,\ 

perm:lIlrnt re(·onl of r('"ulh ('an 1)(' 
oblain('u wil h Ihe (; It I I ;{7 data prilll('r 
or It (':Ird·puurh eoupl('r T he st:lIldard 
d:lta oulput of I ll(' 18:!0 is 1-2--1-2 IJt'O, 
rOIl ,'crlilM to 1-:!-,1-8 hy a si mple 
lllod ifiealiOJI. 

UHF Measurements 

Thc "mall {:erami(' diod(' u'«l in 
Ih(' IIr prohe hlIS:I ,·NY low il1d u('t:lI l('e, 
resulting in a re",onal1{'(' £rcquell('Y 
highN .hllil :3000 :\ 1 li z fQ I" the prob(' 
a:-l."(,lllhly, Very prc('i;;c lincarizen; for 
(':teh tH' range gin' {,,<;('{'ll('rI\ line:lrity 
{',·ell dOll"n to:mo m \ ', Oll{' lClit h of t il{' 

mo..:t "(,II~ilt\·e :1(' ran~r. 

F(lr uhf mea_~IIN'IlI('nt", Ihe p rohC' 

,.. Iwuld be \I~'d in :I dO.~f'd ("oa:.:iat "ys
\(,IU to lH·oid {'ollllt'l"Iion (' r ror..... Thc 
ISDn-PI TN' COlln('l"ior i .... availa hle :J~ 

all :lrc{',."or)" to rt'pla('c the prohe ea p. 

It is iXluippcd wit h G H.8il® lock in g 
conllcctors a nd iH {·01l1 IlCIiSHled to in 1 ro
d uee min imum d i.'lturhallee ill :l. smooth 
li nc. Thc !'l\\ II of t he tee connector and 
probe in a .iO-olull sYl!tem il! less t han 
1.10 at 1000 :\11I 1.lI.lId lc:;s t ha n 1.20 at. 
l. ,j C II.z. 

Precision Ac Measuremenls 

Prc{'i"ion Ill' m(,ll!'lUremcnts a t frc
q Ul.'neirs up to 2 :\ 11[1. a rc pOIj..;ihl{, wi lh 
th{' IS20-1'1. Th(' t"omhill ation of t his 
1)\' \1 a nd a G H l a lO O!"i(,i lla lOr i:l most 
efTerli\"(~ for llln pl ifirr rCSI)()n.se lrstiliK. 
If :1 lower in put (,!lP:Wit:I Il(,C is d(''l ircd, 
a Tekt rOll ix 10: 1 o;;{" ill o.~{"opt., prohl' ('1 111 

1)(' lI ~ed d ir<'l·l ly wil h t he 1820, AI .'In, llC 
t'u rre ntil {':tli b(' melL'illred wit h a Tek
tronix T ype H020 Current Prohe lind 
all adapLOr .... upplied wit h the -P2 
plug-i n. 

\rith it" 1-,u. \ ' .'IC'nsi t i\·ity, t he 1820 
('a ll be u.~1 fo r II1 l1 ny measure llw·ut.-; 
that ('ould 1I0t hdor(' 1I:1 \'c been I\[\n
died hy a 1)\' :\1 , II I l e:l.~t not without 
(',<;Ierllli l am pl i fi{'~. Th(> dC('ihcl readout 
~hou ld a l .. o pro\'!.' ml):"l useful for many 
lllll pl ifirr-respoTl.-;(· me:~urelllcn L". 

Resista nce Measure ments 

,\ s dCHC rib{'d (,:trlier, t he 1820 u~('s 
:111 unusual method of r{'si.:::tallcc llle:IS
IlrC rll N Ji , II'h i{"h a ll ows t he IIM'r to 
mea .... u re rc .. i~ t alH"{,:i UI) LO .-,(J U1('gohms 

\\ithout degrful:ltiol l of a("(' unt('Y. 
The 1820 i~ a l.'\o It'iI'fu l in resistrl lU"c 

1ll(':I"lI rCmellt s 011 iHtl'grat('d ei n 'uit.'l, 
wh(, r(' t he a pplit'd volt age mlll;t he 
lim itf'd to ahout .-) volt.'l, The 1820 wil h 
eil her pl ug-in will m('a.~lIre re,.il'tau{"1' 
II I} to :! nlt'~()h m~ wil h a maxi m UIII uf 
:! \'olt s :t ppl ied to 111(' d('drl'. A I-\·vlt 
Zt' II('r d iod l' a t 111(' illPu t le l"lui ll :l lll of 
t itl' 18:!0 \\" ill pl'('vl'n t a ny dalll ll ~(' tu 
t Il(' eirellit und er lcst from ael"idl' nt:l l 
raligeeha llgingofth(>I}\'M. l faG R l iiO 
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cmwer is added, the test procedure 
':)n be automated. 

The 1820 can also be used ill auto
matic test setups for resistance sorting. 
Qne can measure resistallecs from 2.000 
ohms to 20.00 megohms futl·scllie with 

M ay, 1 968 

the 1820·P2 automatically and without 
any external dreuitry. With the ·1'1 
plug·in, resistors up to 200 megohms 
ctln be measured, with no degradation 
III accuracy. 

('ma!og Numkr lJurriplion 

r --:c"o,7,_-.c-:.c"c"coc, CV-.'::-'me' e , (IKI plug.;n) 
Bench model 

- 1\. G. R\I,EKDJ I AN 

['rin in (IS,I 

1810·9700 
1810·9701 Ih. c~ model 

$1 915.00 
1915.00 

Plug. Ins and Aueno'; .. 
1820.9601 
1810,9601 
1820·9603 

1120_'1 DC Mullimete, / UHF VoUmet" 
1120_ '2 Acl DC MiUl ~ol tm't ', 

52S.00 
SSO.OO 

1120_ '3 Diffe"ntiol Adapto , 

1806·9601 
(for u.o with 1810· Pl or ·P2 plug.in) 
1106- '1 T" Conn, <lo, 

90.00 
40.00 

THE UNIVERSAL 
IMPEDANCE BRIDGE

NEW FACE, 
NEW FEATURES 

0ne of thc truly basic laboratory 
instruments, along with the \'oltmeter 
and the oscilloscopf', is the impedance 
bridge. Although lh('fe is a great va
riety of impedallce bridges, by far the 
lost popular is the general-purpose 

type that combines sc\erul bridges in 

e 

one package to permit quick. conven
ient, reasonably accurate measure
ments of resistors, capac itors, and 
inductors. 

The grandfather of this class of in
strument was G R's THE 6.)() I mped
:lllce Bridge, succeeded about a decadc 
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the [;JExpe rilnente r 

ago by the 1I'i.iO. The lO.iO. with it$ own 
generntor, d('t('ctor, find battery pow('r 
supply, tl hn"i(' 1(:'0 accuracy from :!O 
li z to:?() kHz, nn Orlhonull-- hnbndng 
mechanism that. eliminatt'd sliding bal
ance, :1I1d a Flip--Tilt. c:l rryillg cn"e, soon 
WOII nil cxc('I1Cll l reputation 011 it s own 
InNit", evell among a n('w generation 
that. h:uinever bcrm! of the 6.-,0. 

Th(' next. chaptN in the fi lory will he 
wrill(>n by til(' I(;:IO-B, which now n'

pl:l('CS the W:!o-A. A Ilurni)('r of impor
tant imprO\'('menl~ lie behind the 
change in k'itN sutfix; dC~Jliw this fart, 
it. hns ht.'<'11 po:s:Jble to rt'tlucc tlw pricc 
of the hridg('. 

The W:IO-B offers all thl' feutures of 
t!w lli:IO-.\ plu.~ til(> following: 

I .. \ ('onduclanre hridgc, which offers 
direct micromho rt'adoul !lnd cxtend ... 
the rtlng(' of re .~ i,.;t:Ulce Ill{'asurcments lO 

1000 megohm". 

2 .. \ slow-motion rnechtll\i~lIl on the 
('GilL dinl. which automatically conw" 
in to pll\y o\'cI' a narrow &"ctor eaeh 
time til{' dirt'('tion of rotation is n'

vNscd. 'I'll{' elT('ct i~ n conl.;itier:lhle hn· 
pro\'(~m('n t in O]>('nI ting COil ,·cnicnce. 

:\. WhilC S('ctOn4 on th\' hahllH'e dials 
to indicate lhe nlng('.-; wh('r(' the Ortho
null b:ll:\Ilrillg mech :mislIl !<hould he 
liwitthcd in for quickellt, easiest bal· 
nnee . 

• 1. .\ halU:-ry-chc('k sw itch position 
and a corre:<I>ond ing :pchr Oll the mcU:-r 
/!Cull'. 

,i. Improved inll'rnal d{' l;('n:;ilivily 
for low-vlllu(' rc:;istnrlS. 

G. Prnvi:-;ioll for u~-. of an cxt('rnal re
:<ist:mce dl'cade box to l'xtcnd the DQ 

16 

rangC'. 
7. Arl'es.'i to the llridgc arm oPPo!:lite 

the unknown arlll, so th:lt an extcrnal 
r:lpacitor ('an he added to obtnin :1 

reartancc ba\nnce of inducti\'c resistors. 

8. Relo('!ltion of all jacks alld t('nni
lIul" except the "unknown" termin:lls to 
a side punel, out of the way of the 
operator. 

fl. Automatic closure of the lll ,\!; and 
Ex'r IlQ phonejllcks whcnlhcy arc not in 
\1&", so lhllt one dO~foln't. hl\"c to cherk 
thc connection of shorting links be· 
tween hinding posts, 

10. A I'cde:'ligned bridge tranfolformer, 
rt'quiring leSS dri\'c power nt low fre
quencil's. 

d Who Ilcedll n conduct:lllce hridge , 
anyway'!" Brc:l uS(' the W:!O is used 
chiefly to mCllsu re ('omponrllt ... , 1I0t. in
cluding eondul'tors ns such , this ques
tion will iIW\'it:lhly be ask{'d . A Il"lwcring 
it /lIsa givc,.; lI "l the chnnee to disruss lhe 
u;;efulne$."l of :lC re,.. i.s t:lllrc mca sure
lI\(,uls. possible with the 16.j() hut not 
with some other" uni vers:ll " i mjled:lllce 
bridges. Here :lrc just 1l few of the 
things you CIIIl do with a(' resi~tn nce 

and cOJl(iucta ncc mCfl.SUI'ClIlelllS. 

Equivale nt·Circuit Determinations 

When dcveloping an equi\'alcnt cir
cuit of nn unk nown, fin e u,;ually mca s
lire'S the reacti\'c pllrt on the 1('0 ellt. 

dinl and c:llcubtes lhe f('sislin' p:lrL 
lIsing n DQ mC':lSlIrement, which is only 
.j<1, nccur'lte. With lie-resista nce capa
bility one can measure lhe rCt'isti\'(' part 
to 1('0 and Clllr u!:ll(> the f'{>:l('ti\'c part 
using t he value of an ('xtcrnal C:lPilcitor 
(Figure I). 1I~ of hoth methods lcads 
t4) t he IlIOSt :lccumle de termination 
of the cquimlcnt circuit. 

Imped ance Measurements on Batte r ies 

To measlIr£' th£' impedance of a hat
lery, one ha,; only to insert. :l blockinl 
capacitor in lhe bridge 'li hias jack to 
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flgur . 1. Olag." M. Ihowlnlil u .. o f th. a. - ,ul,Iance br idge to make . . .. . 11". bola ...... 

prevent the flow of 1:\f I1;C cu rr('nts 
through the rat io :'Ifill (Figure 2). It 
is cnsy to tell sin terNI-pJatc (luI\' rc
sistlmc<') and poekct- piatc (highcl' fcsiir
lan('e) nickel-cadmiu m Imttctics apart 
by the d ifference in resis ta nce. The 
re:-;istancc iii tll.'iO n funct io n of the 
batt<'ries' stale of charge. The sholt-

.' 
••• 

figur e 2. C"p".Uo. 
In ... ltd In b i ... 
jatk nap. flow 01 
lo 'g ' d ...... e n •• 
through ,h , ' ow • •• • 
,1. Ian n ra l;o 0'''' . 

eircuit current of the {'(' II j,; :\{'{' urnlrly 
predictcu by the rI'sislllllCC mea sure

\' 
Jl1ent 1 ",,11 = uli . T his tc('hn iqllc is 

n ... 
valuah le for measuri ng Illany low im
pedances (e.g. , i'implc regulated power 

'. 
, .. 

n , .. ,.,. .. ~ , 

--If'-' -+--Lf( 

su pplies :'Inc! Zener diod es) with de 
voltage prC'sc nt. 

Input Imp edance of T,g nsislor Ampli f iers 

and O th e r Active Circuits 

The ](i.iO~ B (':I II 1)(' II S('O to ddcrrn inr 
I he inpul i Inpelian('c of {ransislo r ampli. 
fiN,; aud otlwr a('t iv{' circuil;!. COIl:;iclf'r 
the hoot:;lr:lpped Clilillt'r-follo\\'cr cir
cuit of Figure :{a. T he a(, input re· 
!;is lanc(' is Illt':lsurcd and fou nd to be 
about 7GO kilohm s, but the nu ll is not 
silarp, illdic:lli ng :t large refl.clive com· 
ponent. A (,:lpa(·jlm inq'rted bctw('t'll 

t he 01'1' .HO\ ja{' k alld the c:t!:lC' imp ruves 
the bal:ul l' (" indit-nl ing that the input 
impedance is indul'ti\'t'. Finally~ meas
urement ollllw ';('ri('1' indm'l:lnc(' luidg(', 
with Orl holllll1. yi4·[t!$ an incluctil!l('C 
"aitH' of L~):! 1H'I1I'Ys n nd a Q of 0.0 I I, 
whieh eorl"('~po1lLl ,; to a ."I('l' i(·,; l'('silit:u1l'c 
of 7.).-1 kilohm s, av;rC't'ing with till' lie rc
:<istan('e llle:I S\ \tf'llll'llt. 1\IlOwlcdgl' like 
th ili iii invaluilhil' ill o:xplaining tIl{' 
behador thaL r('.-;ult:; \\"hell th is :unpli-

,,,·t- ' 0" 
DUU 

' ...... 00 .. --
.' fi,u., 30((lell). Stid" can b, u sed 10 d el e.min, input impedance a' 

I.anlilla. amplil ie .. luch al Ih , baalll.app, d . mill . , follow,. shown 
h . .. . figure 3b (ri,hl) . A , . drawin, 01 'h ' ci rc uil of Fi,ur , 3a, 

thawln, wh y Ih e Inpul appe a .. i nducliv •. 
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fiN is incorporated ill a la rge circui t. 
Figure 3b shows why the inpu t iookM 
inducti\'e. 

J n gcneml. it is dc!;irabie to monitor 
the ou tput voltng(' from an fic ti ve cir
('uit with nn oseilloscopc to ensure 
linea ri ty. The oseill:1t-or lcvel cont rol 
can be decrca~ to prc\'ent over
driving the act ive circu it. 

Measurement o f Transistor h Po ramelen 

All thc rom plrx hybrid pa rameter:'! of 
u tnlll!<i8t.or for t ilt' equh'al{'n t drcu it of 
Figure .. ran he mensuf'fti with Il IG,j().. B 
nnd all cl1 .. ily COIl:;tructro tc!<t jig. Thc 
hyb rid "II" model i ~ in voguc thl's(> d ays, 
but its paranwtN:; arc ca ll"ula U'd in 
pn rt frolll h lo, ho., h i"~ and h,.; it is 
thus still 1lt'l"l's.""ifI ry to melt:!Ure thcf!C h 
parnmet('r:;. Thr four-terminal parame
te rs, h", and h ,<, mw,t be calculated 
from impeda nce \'a lues IIlc:ulllr('(i with 
the base aC-l1horted to the collec tor or 
the emitter. T hi:-i a ll may !«>und a littl(' 
troublesollw. but in pr.1ctir(' the meas
uremcnts go \'NY smoot hly. (Furt.her 
deta ils will nppca. r in a fut ure issue of 
the t.'xpcrimmtt"r. ) 

These mrul)u rrm(, ll ts htl\·c proved 
quite accumte U"l \'eriflro by compa ri son 
with nU'tlsurcrncnts made on other lest
ers Zl nd by tl cOIllPute r simulntion of a. n 

". 

~ , 
_ ___ 1-_"'-_-'----J'-_-~ 

fig .... 4 . h. p . ..... . , ..... .. I.,.'.fli cI,c"it 
If • tra" , i" ••. 

(' h :Ir Je& n. H ave ner l 
joined UH in 1005, sfter 
r{'Ceiving hi" u.f:.E. a nd 
:\1. 1-:.1-:. del(T~ from 
Cornell. A~ Il deve'ol" 
rnl'nt. enRin('(' r in t w 
ImpedltnNl GrouI)' he 
hlUl \\"ork~'(1 I' hi('1 v on 
bridge d e~il/;II . lie' i~ I\. 

membf. r or I E EI~ and 
Eta MIJj)1I :\'u. 

amplifie r designed to em phasize the 
menliured h pil.ralllctc~. TIll.' compu lRd 
frC<ltlCIl l"Y rt''"' I>onsc ngre<'<i with tha.t 
Ill(':hur('(l within a. few dB to 100 k lb~ 
whcll the capad tallcc ill pfLrn llcl with 
h i. was includ{'(i in the mode\. 

Ac re"jglll llcc lll{'fL surcm('n L'! arc also 
useful for determining the lI pprox ima te 
mngllilud(' of a. complctely unknown 
imped a n('(', for measu ring conductidty 
of solutioll s (w hrre de would polari ze 
til(' elec troc:ll.'s), and for muking incre
mcntal rcsL"tll ncc measu rements on 
nonlinea r COIllIKItlCIlU (diodes, thermis
tors, ctc). 

Student Use of the 8rid ge 

The uni \'cnltl l impcdllllce bridge has 
long been tl mainst.ay of the student lah
om tory. In recognition of this facl, l he 
lat<':st in our 8('ries of Studcntr Expcri· 
mont pa.mphlet.:; is dcvol<.'d ent irely to 
the usc of the I I);IO-B by students. Pu b
lication STX- IOi , " The Cnkersal Im
Ix 'dance Bridg<,," discusses the principle 
a nd techniques of bridge mensurem('nt 
nnd inciudl'S some suggested s tudent 
experi ments. I t. is free 0 11 fC<IUCSt. 

Cainfug .\'ulIIO!>r I Durripl.itm 

16$0· 8 h"p, d"", u Ir- id,e 
1650.9102 1'Qf1",ble model 
1650.9703 lack MOdel ~

JriU in {.'S.I 

$ 4$0.00 
00.00 

D" " II,d 'I" c lll~.li o" , e .. the \6.s0. , Imped."ce " Id,e .pp' . ' I .. O, ,, ... II. dl . C.,.t"g T 
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MORE COAXIAL CAPACITANCE STANDARDS 

The T n·t; I-IOG two-terminal eapaci
bnce stalllJard ' ht\'! heell joined by two 
ncw series: the lower-valued TYI'E I-IO.j 
and the higher-valued T Yr'E 1-1 07 .. \I to
gcthcr, the range of \·tdues for two
L('rminal caput ihmcc sta ndards lI~ing 
precision cMtxial con nectors now ex
tends from I pF to 0. 1 ~F. 

In the \-10.3 and 1-107 standard::, as 
in thc 1100, the combination of lhe 
G It\.MX) iI preci.siQIl CQ:1..x inl con ncctor 
and careful ca pacitor design and fab ri
{'tltion results in significan tly imprO\"lxl 
performance lip into the rf nlng('. The 
high repcallthiliLy, low inductance, and 
precisely know n reference plulle of the 
connector effectively c1imiJlat(' olle of 
the chief problems in t he <'nlibnlt ion of 
twv--terminal Cl\p:~ci I 1\nCe standards 
t he vari:tt ion in :;tray capacitance from 
onc bind ing-post con nection to tllH lther. 
The low, stuhl(' :wel known in<hl('tunco 
of these eapa('itol"!; keeps the capt\c i
t::lIlce change with frequency :It a \'ery 
low v:l lue. 

Two-terminal enpacitull('C' Sh\ndard s 
uf<llally ure ctd ibratcd in terms of t he 
cap:l.Citlillce 11d(iI,(I to the bridge wrrn i
lUlls. When the terminals of the bridge 
and of thc s t:mdurd arc binding posts, 
the CIlpllcitance added hy the stll ndard 
i:'l not cicnl"ly d('finoo. Conl\('cting the 
sta ndard changl's the strny ,-apacitancc 
between the bridge bind ing posts and 
a l:;o adds stray ca pacitn llce from the 
('llpncitor case to its oll"n binding posts. 
T he fad that no two hinding-post pairs 
have t'xactly thl' &1111e configura lion 
adds to the problem :\5 the standard is 
conncetcd to \"uriou ,; in:;truJllent::;. 

'R. w. 0 .. : ' ("ap&!', .. n.~ S,an,la ... 18 " 'i1h "_i.["" 
(:""n,,<:IO ... :· 0.-...1 R<><l ... !.·~pe"_rW.r. S.p~"'''''r 
191)7. 

The use of a ,HOOO precision connec
tor for both bridge and st:mdnrd tefll1i
nal,; cha nges all th i3. The connector has 
a precisely know n reference plano, 
which separates bridge and sta ndard 
cn pacit:UlcCS. Br'idge capacitfillcC c[t. n 
be definoo and ll\t'a5urcd as the intcrnnl 
capacitance on one :;ide of this refe l"cnC'c 
pinne, and the c:lpacita llcc of the 
sta ndard is the total capac itance on the 
oth(' r side. 

The resu lt of u~ing the coaxial con
nector is a reduction in error due to 
Siray c:lp:lcita llce of nlillost two orders 
of magnitude over OpCII , two-term iual 
standards at rf fre<llIellcies. The noll' 
two-termi na l eap:lcitors thus approach 
the rcproducibility found before only 
with (hrct.. ..... t(!rminal capac itance stll ll
d:Ir(J,s at. the lower frequellcies. 

1406 Series Siandards 

The I IOG series of capac it."1llcc s lnn
dardsl described in an ea rlier Expcri, 

Copo citonc . vo ..... o voila bl. In the 
140 5, 140 6 , and 1407 u ri .. ~ao"lol 

Capaci lOn U lIandard. 

S~ri~& Ty{lt Cllpllri/u'~~ 

1405 

1406 

1407 

E 
D 
C 

E 
D 
C 
8 
A 

A 
8 
C 
D 
E 
F 
G 

1 pF 
2 pF 
5 pF 

50 pF 
100 pF 
200 pF 
500 pF 

1000 pF 

0.001 ~F 
O.{X)2 /-,F 
0.005 ,uF 
O.O I /-,F 
0.02/-,F 
0.051-'F 
O.lI-'F 
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1nl'ntc,l, include finc standard c3puci
tOI"1, from .>0 to 1000 pr. To the:<e nrc 
now addNI se\'cn Tn'.; IlOj ,.tundard..;. 
in \'ahl('~ from 0.001 to 0.1 ~F, 3nd 
Ihree I to.; unil~, in vahll'!j of 1,2, and 
{) pF. 

Type 1407 

The Tn'.; 140i capacitor con"ists of 
a ~ih'('f'{'d-mic3 nnd foil ~tack which i~ 

c1ampNI undcr he:n'y I"pring pJ"('~.'itire 

for Illechanil':.d "tahilily. This int('rll1tl 
~lrliettlN' i.; similar to that used in the 
GH Tn.; 1400 ,<;tandurd capac itor, 
who:;(' i:l13hilily hn~ Il('('n prO\'ell O\'cr 
th(' past d(>{'adc. 

'I'll(> mica i" !'('Ieclf'd for low di""ipn
tion factor, Short. Il('a\'y conductors 
connect the eaplll'itor to Ihe GH!)()() 
connector mountNl on the top plate 
of the cuse, N'sulting in minimum 
indurtallce. The aluminum CUi;(> i .. 
5('3Ied, with a port pro\'idNI for tc!<ting 
th(' ca~ lInd('r nt(,lIum for leaks. Cal)
suit's of ;;iIi('a gel in"ide the CU8C provide 
continuous desiccation. 

Sealing th(' mien capacitor in the 
caS(' with a de"iccunt make!; it pos.",iblc 

, I~". 

.-

FI,,, •• 1. Clpldll ~u . .. . . 
Ir. q ... . ~C l' ch .. let .,.I . lIu If 

Ih . 140 7 ClPICIt ... , 

to rrouce the insulnting material. othcr 
than mien, to n minimum. Th(' only 
in~ulation ('x{'cpt micn :lnd dry air is 
n Teflon i)('uci in the (;IUJO() connector 
and n "mall amollnt of low-Io .... -; rubl)('r 
in t he gn:-::ket sellling t he ('Ollll('ctor. 
Thi~, togcther with lhe high qua li ty of 
the mica, make;; it po ..... "ihle to k('ep the 
capueitnnce ehll1lg('~ CIU1sed by tE'lll
perature and illtcrfllcia l poiariz:ltion 
to n minimum. 

In t he 1407 ~ries, int('rfaciai polnr
izal ioll in t he mira diele('trie is a source 
of capncita lH'(, rhnngf' with rN'qU(,IICY 

at the lower fJ"('(IUE'ne ies (S('(" ViguN' I), 
CaN'fui ('hoirE' of nnd drying of th(' mira 
nnd the ('timillation of practically all 
other insulation k('('p this effC'ct tiL n 

Ft ...... 2 . Di .. i plfl l ~.II <t or. " ","."", .~Cl' ch ... 
oct .. il tin 11 th . 1407 c l p l .i lon. 
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mlllmum, but there is still n slight 
ncrea.sc in cffccti\·c capacitance below 

100 kHz. 
At low frequencies (SC'C Figure 2), 

the dissil}[lt ioll factor al;;o is largely 
determined by intt'rfacini polarizution 
ill the mica dielectric. At higher fre
quencies, the dominant losses rcsulL 
from the r('sist:lIlcc of the metallic 
conductors .. \ bove 100 k li z, the di;;_~ ipa

lion factor is approximately propor
tional to the 3 :2 power of the fre
quency. because of skin effect. 

Type 1405 

Each of the T \'I'~: 1-10,:) capacitors 
comprises a section of cOlltl:ial line 
(with inn<.'r conductor built up in 
diameter for the 2-pF and .>-pF units), 
cantilevered from [l PPO (poly
phcnylc-Il{, oxide) support rod . T h{' PPO 
has excellent phy.osic:11 stability fi nd a 
ilieanc coating greatly reduces the 

effects of change:> in hum idity. 
T he PPO support cont:dns a threaded 

PPO cylindcr used at the f:letory for 
trimming the capacitancc to the exact 
value. A 8implc re:,;iduul inducta.nce 

-
--
~ 

Flg ur . , . Ca" .. dla "U.~ I_ lr. _ .. _ 
qu , ncy , h.,ad .. i "i .. 01 1405 u. 

ca pa';IOrs . .-
• 

M ay. 1968 

value is not gh-en for the 1-10.:1 becausc 
of the di ... triblltcd nature of the cap:u'i
ta nce in thi~ constrm'tion. 

The cup:H' itancc in this 110.:) se ries 
maintains it'! de \'a ille to vcry high 
fre<lu('ncics (st't' Figure 3) und cha ngcs 
thereafter 80 little that. these capacitors 
nrc usefu l in the calibration of mensur
ing ulJ;trumell ti; well into th(' uhf 
region. A 110.:) also en ll S('n'e as a low
cllpacium.'C t('rminat ing or support 
mca ns for nny two-port dedce. 

Colibro tion Certificote 

A calibration certificate supplied 
with each capacitor gi\'('s the measured 
\':\lue of capacita ncc at I k llz :\IId thc 
temperature and reb! i\'c humidity at 
the time of mt'asuremcnl. The cu ieu
b ted effecti\'e cap:ll'ituncc of the unit 
at a higher frt'{lueIH'Y, such as I :\ 1 11 :.1, 
a lso is suppl ied with $omc units. The 
c:llibration_~ apply at thc well-d('fin('{i 
reference plane of tilt" G nuOQ rOlln('ctor. 
The I-kiLt capacitance is obtllined by 
comparison with working sta nd:nds 
whose ab:;oiut(, \-aim's are known to an 
accuracy of ±O.OI CO. 

I 

/ -t- -
I ,,,,," -< ~ .-, 

/ 
~":. "- 1--. / I + 

, 

,":,:.' -b, - - - - - -.... Qu[0( . ..... 
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the[;j Expe['i m e n te l' 

The stability of theR(' capacitanec 
standards permit~ them to he monitored 
quite ('ol\veniently III I klfz to makr 
e('rtnin that ('h3nKr" htwe not occurrrd 
owr Illl:r of til(' frt'qu(,IlC'Y rangf'. The 
very ,<:Illnll cnpaeit:UI(,(, change~ that 
may occur dul' to Ilormni figing will IX' 
the ><.'lme at all frequl'nei('~, Change" in 
indu('tallte:11"<' mort' l"{'riOliS at the high 
fre(IUencicR. Tn(' intCl"Ilal constructioll 
is very rugged, howen'r, :lIld finy trl'ut
lIU'nt likrly to nlTrct the induct:l.llct' will 
"how up as low-frNlu£'nry cap:l.citl1l1(,(, 
chall~f''; or a" ohviou,; dam:l.gc to th ... , 
eapll('itl)r. 

Ili(.!;h-prt'ci"ioll nl('u:<urt'IlH'nls can hc 
mndC' readily lit I kHz lIliing uny of a 
!lumber of bridg('.~, surh us the TYI'~"! 

1620-.\ , while high-preei"ion meastll'('
m(,II\." ai I :'11111. (':UI he mad" at only 
a f"lI" pll\c('" OItt"iti(' of :\B!'l, itcpeat('d 
mett.~un·lI1ents at I :'I I li z Itr(' Ilot Il('(,l'!t-
stlry, owing: to tht, low inductance and 
the ru~ed ('on,;1 ruction of tilC' dandard. 
The fact that any 1'I1!I.ngt' in it.; 1-:'11 liz 
capaeit:U1e(' yahII' will h(' uecoillpanit,(] 
hy 11 pnll)Ortioll:l1 c'han~(' in it." I-kllz 
1':lIl:lcit:lI1('{' nllu(' pc..'rmits :l. ;.;t:lnd:lrd 
to IJt' :\BS-cnlibnltC'd :\1 I :'11111., find 
thi" high-freqlH'llt'Y \"Idul' thl'l'('aftl'r 
C:\II 1)(' llumitOl"t'd hy melln.~ of periodic 
I-kllz nl('a~Uf('ment.~. 

Application Noles 

.\n.\' olX'1l ('HIIIl('dur, inrluding Ill(' 
(;B~I(){), has :I fringing ('l1p[1rit:lll('e 
('onsistillg of Ill(' tolal slru .... eup:lcit:Ul(,(' 
h('lw('('11 its t('rminal.;. When :l (,:1-

pa('itor with 1\ c: HuOO {'onlll'{'tor is 
{'(lupINI tn auotllt'r GH900 on tin 
illslrulll('ut, :til frinJl:in~ capacitulu'C' 
is ('Iimillah'tl. Till' joined eonnc('tors lIrt 
:1." a ,;trai(.!;ht ~cti()n of coaxia l lilw. 

Til(' nduc of (,llp:l('it:II1('(' calihrated 
for Ihc :;tandanl is the mIlle of t hc 

capacitor up to thc precise refe rcnce.."""" 
plallc provided by it.s conncctor. 

The lIti(' of u (; U.ooo precisioll connec-
tor for the in st rtlm('ut terminliis pro
vidcs a preei>;<>ly known referencc plane 
for the instrulllrnt :llso. li s inl('rnal 
capncitanc(' ('tin be defined as th(' inter-
Ilal capacitalll'e up to this f('fefl'lIec 
pinTle. I1owe\'l'r, [\Il op('n G Il!:)()() eon
nector 011 an i l\~t r ullll'nt has a fringing 
caparitllnce bcyond its rcf('rt'Il('e piane. 
\\'hen a cupn{'itor with tl G HOOD con
ll('Ctor is add('CI to thC' Ol>en in.slrullll'ut 
connector, the lIet im'f{'[\sc in cnp3ci
t'll1ce equal:,; thr \"lilue of Oll' eapucitor, 
t\.'i tllca;mred uL its referem'e plal\e, 
minus the friuging capll(' italltC of the 
in:-;trull1('nt eonl1('ctor. This fringing: 
('upucitance ('un be anticipated approxi
m:\tely,· hul l'V('1I h('{ter ucrumey can 
be oblainrd if lin inili:.lllmlullcl' i.; madf' 
with a small c:lJl3eitor who;;(' \':1lu(' isr 
known prt.'cist'ly :It its ref{'f('II('(' pl:lnC' 

The Srll:lll t'np(lcilo'lllCC of th(' llO,J-E 
l-pF ullit, for ('xnmple, providt's the 
me31l.; for ('Iiminating, Ilccurately, this 
fringing capacitllll(,l' ill the initi:ll :-iCt
ling of n bridge or for selling up :lll 
a('('\lr:,to rl'fef(' lwP plHne, Thi,; S:lIlW 
unit also provide;; a 10\\'-cnp:l{'i!:IIll'C 
tennin:ltiuu fur supporting: tlrc inner 
conduNor of the OOO-LZ Utfcrence 
,\ir Lines, The:'(' air lint's ul"!) arc 
tC'rminated with a G HOOO preci.-,ioll 
('Clnn{'Ctor and t'lllt .;('r\"(' a" aC('UI";lte 
c:lp(lC'itullt'c .. t:mdllrds up to 20 pF, 

Bemuse of tlwir \\'ide frequcn('y 
rnngC' and t\cccptlll\ee by the Xatiollni 
Bureau of ~t:lIldanl8 for c3l ib mfi(l1l 
abovc 30 kllz, theS(' l'l\pucituu('e ~tan
d:lrds lire expC'ctrd to be u...ro chiC'f\y 
:IS sta ndards for thl' t'nlibration of 

·Th~ (r;II~;"1I UI ... i,.,,('t> <II all 0","0 OHIlOO (onnM'to 
I. O.I.J.~ ... 0 oos 1l~'ln I!'~ IIIIUa\ en~iron!JI~nl on a ht"r,< 
.. iw no ""RJ"~I"" ,,(th.n Of-,·,r.1 i"oh •• 01 Ih~ "I" 
connM'tor. an.1 0.172 ... 0.008 lit' ,,·,th • 1K)(l·\\"O 01>'1'0' 
Circ"i, Tumi ... tion 
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r- w~t('rminul bridgrs and other im
.)('dnnr(,-ll1("a.~llriIlg in ,.;t rumcnts. Of 
courS<', the most COJl\'(' lli('nl armng('
Ilwn t a nd the most a{'curate mNlSILI"('
IlWllt !"! will result, when a bridg(' i" 
t'<luipped wit h U (: IWOO ronnector. 

Thl' n{'xt I}('st thing i ~ a preci~ioll 

adaptor, and two o f theS(' ha\'C heen 
d{'s i ~nf'd spcrific:l lly for u"e with 
hridgl';I. One, the TYI'~; 10 1.5- P2 , i;; \I~'d 
wilh the 0.01 (':10. I-k ll z THE l(jl.;".\ 

C'upllritanc(' Brid~(l . .\ trimmer capari
tor i .. included "t) thllt the t{'rminal 
c:lparil:IIlCe clin be rlTc-ctin'ly {'Ii mi
nClIt'd from the ml'a~\lrf'I1l{'nt. 

May, 1968 

Tht' T\'pf:: OOO-Q!l ,\daptor mntes 
with hinJing po~t" on 3 1-ineh .:;paeing, 
.o;.lIeh as thoS(' uS('(1 on the (;]{71U 
C'apacit:.uw{' BridV;('~, with other posts 
with a ]J.-:!S thn'3d , or with tapped 
holl'S 011 3 1-to-l-indl :spacing. Among 
the l1l.:\ny in"lrunl('nt" tlcconunodat{'d 
al"(' the Bnont()1l Radio Type 2GO.\ Q 
.:\ [C'ter and Ih(' Boon ton Electronic~ 

':\Iodcl 7.J Capac itance Bridge. 
- H.. Olin 

J . ZOIlH 

Hril'f l.i(,graJlhif'~ ()f \lr. Orr liDU 'Ir. 7.un~· 
:qllK'":lTl-u in thl' .\11(11."1, i(ki6 f:rpt:"IIlNI/!r. 

SPECIFICATIONS FOR TYPE 1407 

C .. Ub'''''''n: .\ ('f'rtitk:I\(' "f l':tiihration i~ lIUII
I!lu'(i \\ ilh ~·:trh unit !l:ivinll: th!' ml'9.'!ured 1':IJI:II'i
\:1111'1' nt I Idb IInu 0.1 It IlI)('('ih • .J \{'mllt'mlul"('. 
Tlw 1",·:tl5ur<-d vnlul' iii thl' f'lIp:ll"ilnllct' at IIII' 
n·I,·rf'lll'!.' I,lanl' "I thf' (; Imoo ,'unUI'CI"r Thi~ 

,... v"hw iB U llniure h~· c~'ml)(\TI'''n too a Jlrl"'L.i"lI 
J~·tt\·r th:tIl ±'1,OO.:;' { \lilh \I"rkin~ 1I1:lIubnl~ 
I'h ..... · ul~"lutl' I'!llt,['!! RTf' kn .. " n t .. :ln R['('Ur:\,'I' 
t lJlie-ally ± 0 .01 «, d('\\'rmiIWd :lnd mllintaim,il 
in I"rm~ "I rdI'Tem'" III:II1, l:\r<l9 lJC'ri"di,·"II.1" 
""lihr:lh'!.l h\" the "lIli"ual I~ull',m "f ~t.:'n· 
tlnrtl~, • 
SI","UII1" TIl(' (':"IIIIf"ill1nN.' dHlnll:" is Il'!'JI th"o. 
0.01' < IJet ~·f''' t . 
........ ".1' : \\ ithin ±O.OS'" 11\ I k il z, nf Ihl' 
nmnin:ll \'npn('ituru'(' \'11111<' m,lrk,,1 t'n thl' ,·a!!O'. 
T .... p •• """. C". llId. "" 01 Cop,,<I'an .. : +20 ± 
I() ppm C. hl'tll('en 10 nntl ,0 C. 
Ollllp"II"n fa •• o" 50 X 10""1 typic:,] lit 1 k l h 
:1111123 C . .\Ia" \'1I1u('~ gil'I:'U ill LalliI:' Jxolo,,; ~I:'" 

F ilCHre 2 for J) I'~ fr<"JIlf"u'\' \ll'n~lIrl'd ]) nt I 
kllz i~ lI!..:.I,.J in f't'rllln':U(' to llll :lrrUtarl' of 
±0.00005. . 
S .. I .. Ind"ct"n.,: -; nil t.\"l)i4·:l1. 
F,e"",n.1' Charo.te, I.II .. , ~e Fill:"r('~ I :In,J 2, 
]n""I"tion 1,.ln"n" , \tinimum 4If .:moo l ,hm_ 
ftlt,nll! ur lOll (;\1, "hidlf,wr i9 ]hl' 1("'<I,t, ... !wn 
!Il":o!Iurc-U:lt 5011 \" Ill' nftn t"o minut('~ dl,,·tti
tr,·"l il)n. 
M"" von"ge : ()OO \' pk. 
"" ~'l1 o'i .. ... ",,1\0101. , ,\tiajlh"'!! liil5-''';! fut 
f'unn'uit'nf't' in ,·,Ililomtinl{ with Ihr 1\,1:" .... \ 
('''II:U'iIIlIH,(' Uri.IIC" Llml 'IOO-Q<I rur ,·"nn('(·linll; 
IIOi I" It-ill. , 2 ... thn'nde-d ~lml «(11{ 'I.~ 
HinJinl( P,-.;t I nr 1:1]1111'<1 hull'. • 
r ..... I",,] : \; WIOU J'TI'<'i~" ,n l,,,:txinl ('('UlK'('lur 
M""n!i"g : \huuillurn 11"1If'1 :mll l'~'li!l\lri""l ""\~(" 
DI ... . nIIDn.I'ti" :I. hI 1 ::~ ~ I", in. eii x 12,', mm ). 
W'ight , ;-\1'1, \1, 11) to.I) kg); ~l,iJll'ing , I lb 

(1.1J kg!. 

rnl(ling .\"n.nloutf .1111..r f) III Prjrt 
\"'H"~r T"" ('lIptlrr(n"rt IHI; a",1 .H · r in l'S.\ 

1401.9100 1401_'" 0.001 " f 0.00030 $ 1$.00 
1401·910] 1401_8 0.001 !If 0.0002S 9$ .00 
1401·9101 1401_C 0.005/1F 0.0002 9$ .00 
1"01.9103 1407 · 0 0.01 , f 0.0002 95 .00 
1401·970~ 1407 _E 0.02 , f 0.0002 ]00.00 
1407.9705 1407. F 0.05 , f 0.0002 11S .00 
1407.9706 1407.G 0.' , f 0.0002 IIS.OO 

O,I"II , d Sp • • IIl.aliDnl ." 'k, J", ]'05 C. "";,,I C"pacita" " St"nda,d, app, ,,. '" G. n .. ,,1 ""dia Catalog T 

(·u."lfJg \'",,,iw I~r'l~' 1-·""I'lrlll:".IIlor "rirr 
SumJ/(r Tv", ('llptlrl/'1W"t I rrMIJI".'I \'0/1..1 m% (' I "rr~nllf' .,~ (,,1;, 1 

r-
] 405·11702 1405_ C , ,f ±0.010 $OF '" 0.75 GHz $$5 .00 
1405·9701 1405.0 , ,f ±0.005 pF IkV 1.0 GH z .5S.00 
1405·9100 \405.( , ,f ±0.005.pF HV 1.1 GHz .55.00 
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GENERAL R ADIO COMPANY 
WE ST CON CORO . M ASSA C H U S ETT S 0176 1 

SALES AND SERVICE 

"!I' 'ele9~·ft. 

Albuquerque 505255·06 11 
"Boston 617 646·0550 
"Chicago 3 12992·0800 
Cleveland 216886·0150 
Bridgeport 203377·0165 

"Dallas 214 M[7·2240 
Dayton 513 434·6979 
Denyer 303 44 7·9225 
DetrOit 3 13261· 1750 
Houston 713622·7007 
HuntSYllie 205883·2077 
Indianapolis 3 17 636·3907 

"Los Angeles 2 13 469·620 1 
Montreal 514737·3673 
New Hayen 203377·0165 

°New York ( NY) 2 12 964·2722 
(NJ) 201 943·31 40 

Orlando 305 425·467 1 
Ottawa 6 13233·4237 
Philadelphia 215 646·8030 
San Diego 71 4 232·2727 
San f ranCISCO 4 15 948·8233 
Seattle 206 GL4·7545 
Syracuse 3 15 454·9323 

°Toronto 41 6247·2 17 1 
'WashlngtonfBaltlmore 30 I 946· 1600 

GEN ERAL R A DIO COMPANY (OV I: RSeA S) 
CI1 8 03 4 Z u ", ,, " 3 4 . S wliI . r l."d 

GE N E R AL R A DIO G M B H 
0 8 My",,"." BO. W._I a . rm_"'f' 

GE N ERAL RA D I O COMPA N Y (U .K . ) LI M ITI!O 
Bo .. ~n. e"d e .. " k lng"",m _ "lr. , england 

RI!PRI:S I!NTI>.TIVI:S IN PRI N C'P"'L 
o v eRS eAS COUNTRII!S .. 
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