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ABOUT THIS ISSUE 

The theme of this month's Experimenler, if we were given to themotizing, 
might be "The Resolution Revolution." The leod article describes a counte r 
thol con give six significonl digits of readout for a frequency os low as 0.6 Hz. 
AI thai point the right-hond digit is octually disploying microhertl, 0 unit prob­
ably moking its debut in print here. Moreover, this counler can make such 
ultra-low-frequency measurements in a second or less, thonks 10 0 b uilt-in 
computer that translates a multiple-period measurement into 0 frequency 
readout ... _ Then cOnsider the resolution of the new digital impedonce 
comporator (page 10). Here the percent magnitude difference belween 
two impedances is spread over five digits, with five more digits indicating 
phase difference. Since the full-scale range can be os lillie as 10 percent, 
the comparator delects as little as 10 ppm difference between unknown and 
standard C, R, or L ... Tolerances on inner and outer conducton of our 
GR900 !9 reference oir lines (poge 26) are 100 and 50 microinches, respec­
tively, electrical lengths ore controlled 10 ± 0.002 cm, ond both conductors 
are overlaid with pure silver. The same olh'!nlion to detail has prodlKed 0 

precision attenuotor that represents a fivefold improvement in SWR ove r 
previously avoiloble units. 

The G~"tral /(0010 E.t~rimt1lltT is mailed ellch month 'I'1lh"ut ('hllrge to engl_ 
111!Cr!!, sdenlisL~, wchnirilln~, educator!!, and oll,er" inlere.~ted in the 1nsl rumcnb; /lnd 
tectmi{lue:. or eleClri(·aland electronics mea.surement.ll. Add~ all oorre:spoudence w 
Editor, GtM:ral UndlO E.tpe!'.menlu, General Radio Co., West Concord, :o.t a.';;s. 01781. 
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THE RECIPROMATIC COUNTER 
Automatic ranging. fost measurement of 10 ..... frequencies. 
full U$e of six· digit resolution, CInd no-hands operation 

make the 1159 (I most extraordinary c<XJnler. 

Add('d ('ollvcllicnce and 81><.'00 nrc lll(' 
key id('a~ hehind mllch of todflY'1'; 
e!Torts in illsLrUIll('llt dl'sigll . III tllf' 
area of frcquency mctlllurcnwnl , thl' 
digit:!! f requene)' eQlIlltN hn:; t'iimillal£'d 
many of the tcdiou~ l;tCpt> uSSO<'int('(i 
with older method~ . Still, sevrr!LI nag­
ging problemll ha\,(' 1)(,l"8i:-;t('(l , ('SIK'­
dally in HU' an'a of low-fl1'<IUCIlCY 
IllCtl.Sun'II\(>nL 

Onl' W:1y of Illuking a pN'cil.;(· low-frp.. 
quclley rnCllsurcmcnL is to t'()uni till' 
nurnl){' f of cycles of the lIliknowlI frl'­
qucllcy until the desired resolution is 
achieved. But this takes ti01(' too 
much tim(' in most. cases. For cxtJlll pil ', 
a six-digit mNISlirement. o f 00 li z wou ld 
t..'lkt, u\'t'r 2Y2 hours by this Ill('lhod. 

A much fu.')ter way of g{'t.ling high 
tellOlulion is to measlIre JX'riud r.l tlwr 
lhan fn'( luclicy tbat. is, 1.0 count. lIot 
th(' ey('\('s of the unkuown signul hut 
th,' higher-fIT'qucllcy pulscH fmm tllf' 
counter'R t im{' hUliC, using till' unknown 
lSign!i1 to tit..'l rt and to slop the l'flunl. 
If th(' counter time base' i.s :l IQ':'.! 1 h: 
olSCillau,r, lbere i.s no problt'lII in pro­
dur ing ;\ :-;.ix-digit. readout in :l \wy 
short time (for our GO-l iz mcnsuN.'Ill('nt, 
nbout.O.1 IiCcond) . 

A lX'riod rendoul, Il(lw('v('r, is til(' 
rcciprornl of the frequency dn!':l u1iulllly 

desired and oftf'1l required by specifica­
tiOllli. The opcr:l tor ea n, of course, ca ll 
on a talrulnlM tn )lNform the simple 
<"onv{'f:;ioll frolll I><'riod to frequency, 
hut lhi" is 11 tilll('-t'tlllslllnillg a nd potl'll­
tially crror-produt'ing :Ipproaeh 

A bett('r t'tOlulioli is to huild :1 s\>ccial­
purpu:-;(' eompul('r into tlw <"ountf'r, 
t'tO t hat a Iwriod 1Ilf':\SUrf'IIl{'Ilt. is dis­
pla),t"(l in t('rmR of ff('(luency. Our 
a t>Jlrtl1l("h to til\' drsign problt'1U of 
:ldding a l'OTllI)uU'r h:lli Ir'd 10 ttll f'X{'c p­
tional inslrurnt'nt wi1h 1I11tomatic rang-
1II~ as well ali reeiprocnL corn puL.'l.tion . 

THE RECIPROMATIC COUNTER 

TIl(' fnrt'going is hy way of inlroduc­
ill~ CIt's 1If'\\ Ih'("ipromalic eoulltN, 
which hal' a fn'<IUI'llf'y rungl' flf from 
O.G li z lu :.m .\111 1., l'ix-d igit. rf'solutioll, 
anl.l a ll un'ragl' IIll'IIMlrcmellt. time of 
100 millis('('onds ahoVl' Ii 11 1., 1 :;('collli 
d own loO.1i li z. All hlX di~itliar(' alway:) 
1I.o;('{l; u IIlf'UJo;un'lIwnt. Itt the (,oullter's 
]ow-fr('lIuen('y limi t is al'lually Pf('­
S('llted with lII i rrollt'rl:: n,wlutioll . 

. \ ulmllal i(' r:lllgillJ{ iR (l1I{' of the 
m:ljor f.'aturl's of Ihe IWW "OUllt('r. A:) 
W{' hu\'{' 1'«'11 ahm'(', this implies aulo­
malif' S('1f'{'tioll of tllf' numlK' r of 
periods to 1)(' 1Ilt':I.'Iun-d. ,\I any f) f tilt' 
f':ulir-r, llolI:tuliJlllatic' counters willI 
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lhe!;jE x p e rirne nte r 

i • . , ' N' J i' 4:~. t •• 10 \' 1:0 IS 
j i"'J r-.. "-~ J . . ! ~ ~ ". ! I{ 

'i t( 

, .... ~ " "" fro iO k';o-:o,:o~KlIOO 
,~~" nlOu"",-"", 

"'U" 1. M • • fI ... m . .. 1 11m. al • ' ullctl.n .f ' ,. .. ",.ncr. 

which we are familiar haw' dt'(,!Hle 
period rangc~ (1,10,100 ... period.i). 
Automatic ~y::;tems for &'Iectillg the 
decade mnge are conceivable, but fur­
ther I'('f\(,(,tion convinces us that this is 
the wrong approllc h. StlPI)Q~ we pro­
gram tl counter to mnke tl I-p('riod 
measurement from 10 to 100 Hz, n 
10-prriod Ulra~urcmt'nt. from 100 to 
1000 liz, n IOO-p('riod OIcn.'!tlf('nl('ul 
from 1000 Il l. to I kHz, Hr. The 
metl>lul"('mcnt. time for !iuch tl sy.stem 
will \"I1ry frOIll 100 me at the low­
frequency end of each range to 10 illS 

Ilt lhe high-fre<luency end . Since the 
resolution ill a multiple-period nWas­
uremcnt is proportional to nlCUlIUl'{'lnent. 
tim(', It syst('m designed for a Sl><'cifii.'d 
rr$.lIUlioll at thr high elld of a d('cndc 
nlng(' will rrquire 10 times th(' mrasure­
ment tiUll' and nn extro decade in the 
counting regi:sUor fur lhe low end, with­
out. gaining any u-':iablc ill(~rca!!C in 
rei;Olution Oecnde ranges arc nf'ce~ry 
in l;land ard, gf'ncr!ll-purposc count('rs 
bel'au:-\{' their only builL-in comput.ation 
facility i ... that. of shifting tlir decimnl 
point. If, hO\\'('\'cr, we I)rovide an 
instrumcnt with com putationa l ability 
sufricicllt to Cli lcu late fl'C{lUCIlCY from 
pcriud dat.a, then any convcnicn t. limn­
bf'r of lX'rinds can be mell~lu"t'd, nnd it 
is nccCliSlry on ly to count this numl)('1'· 
and to u;;.(' it as OIiC iuput. La the COlll-

pUlation. Th(' (Iuoticnt of periodsl 
meuflurement time equals the frequency. 

With the foregoing approach our 
inSlrument call be programmed for an 
approximately constant. measuremcnt 
t im('. T hl' I I:)!) was designed to gh'e a 
full ~ix-digit rl'.o;oluliolJ and to usc a 10-
:\IHz clock. To obtain th is resolution, 
a measUI"Cmcnt lime of about 100 illS 
i:'l r1'Quired The lowcst f~queDcy that 
call be mealSured i8 thaL whose I)('riod 
is cclurt!lO the maximum capacity of the 
eouliting ~gh,t.cr thnt. counts clock 
cycles. We Illust make a single-period 
measurem('llt from this frequency up to 
twice th is lowest frrqucncy, where we 
IIl:lY Own change to a two-pcriud lIlf'as­

urement. :\Iensurcmcnt timc will de­
crease from the maximum value to 
nbout h;l l£ as much at the chungeo\'er 
point. At lhre<' tilllrs the lowesL frt'­
qlWIlCY, whcre the t.wo-period meaSUf(,'­
ment time has derrellS('(j to two-thirds 
of maximum, wr lIlay ~witch to u thf(.'C­
prriod mCllSUl'('mellt and so 011, wilh the 
lower limit of 1n('iI'!u rl'lllPnt. time in­
crea.sing with ench step. This program 
makcs max imum U~ of register ca pac­
ity to give the best pos'Iibl(' resolution, 
but it is nlthe r complicated because of 
the large Ilumber of s teps. 

'I'll(> simplest .sYlStem would be to 
allow thc mcn."!uremelll to be terminated 
by tbe first. signal pulse occurring after 
some predetermined measurement time 
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mt. i~ slightly le~ lh!lll half of r<'gister 
l·npul'i!y. Th i'i sy~lem mak('s incflitieut 
liM' of fl'gi"tcr cnpncilY, hO\\'('\'rr, !;incl' 
it will he uuly nlJOu! half full for must 
fn.'(IU(,Ilt'it· .... A compromise flystcm is to 
mnkl' the luwcr lim it. for rnenSHrrmenl. 
time l\ f unctiun of the IlU mbcr of periods 
countt'd for t he fir::;! few l:H'riuds and 
equ:l! to the nOllullal time' for higher 
IlUlIllK'n; of pI.·riud". The I L')U wall £1('­
"igll{'(i willi n regititer cnpncity of Wi 
Ill". Ilhich corre~l}{md" to n fn.quefl(·Y 
of :l_utl l iz. The lower limit:. of 1ll(~ll.sUr<'­
IIIt'lit. liml' urt' programml"f.l n.s f(JlIow~, 
II ith the re"lIlt::; illUtilratt.-d ill Figure 1 : 

""'UU/ltf 0/ i Mi,u"w,,, M.,uure-
PlrlOfitf IIIr'lf Tm.r 

1 78.6 ms 
2 91.8 m$ 

3 98.3 ms 
4 end higher 10 1.6 ms 

J t. !:'hould ix' borne in mind that the 
IStepll r't'f('rrro to in the ahon' program 
do not rrpf('SI'llt. range changes in til\.' 
usual ,';l'1llil'; UIUt. is, there is no iutN­
ruplion I)f the mca:surcmcnl, but only 
:I decision Ihl to when to tcrlllillUli.'. The 
rungc (i.e., decimal-point j>o!;ililJn :\l1d 
l1lt'a"ul'('d ull i t,~) i8 detcrmillro entirely 
in the 8uh;;('(luClli computatiull. 

In ordcr to measure lo\\('r (rctjul'n­
cil"!':, th(' 1ll(':I!:IlIremcllt. tim(' must he 
increasro. This is accompli:.hed hy thl' 
10\\'ering of lhe clock r requeucy. I II I hI' 
I Hi!), wheD the frequency drop)) 11\'1011' 
5.!J0 Hz, the clock fn:'qul'lIC'Y is IltIto­
maticu lly lowered to 1 r.. ! I fz, pe rmining 
measurelllcnts down to 0.,')99 Hz. When 
Ihe input frequency risc" to nhout i.88 
Hz, the 11;')9 automatically switdws 
back to the 10-/1.1 li z clock. A thrcr-po:.i­
tion toggle switch Oll the control pllllcl 
pcrmits OI)CNltor override of this aut(;­
matic clock-frequency selectioll in fln'or 
of e il her the I-MH z or 100~ I JI :t clock. 

.J u n e-.July 19E5e 

SIC'('II Belilun reeeh·ecl 
Ili~ U,-IEE f""lIl IndiAna 
In~lilnte nf Te..'hll"lnKY 
ftlld Ill~ ;\ISEE (rum 
;o..:urtIU'll-'lern l·ui\· .. ",ily. 
III' junoI'd G.'neml Itadio 
III IH{;2 I<n,j ~~ nuw !t de­
vf'iupmenl engitlf'er iu 
(,If" FI't'fIIIl.'Ill'Y and 
Time (;runp. Ill' ~ a 
lI\('mlltr OJr IEEE. 

1I.~.J~ • ..f."" Surman L Wf'>ollllkf', 
II dl',·t'!"pment engineer 
in (;H'~ Fre<;loIt'nQ' !!.1It1 
Tllnl' l:rmlll, 1'1!'~lvecl hL.~ 
~t n fnml Ilruwn [ni_ 
"('r--itv in lUI!! IIhd hi,. 
MSEE fmm Sorlh(,ll-~I­
I'tn ('niver-it)' in 1!~;1. 

Before JOIning Geuerll.( 
Hndi() III I!JIH, he h('1d 
I'llgill~ring l)!J:oiol!/ls Bt 
SorlheaJtern Engineer­
inK Rml Kanden, A!>dO­
Cialeot. Ill' il5 R Ill('IIlUer 
of IEEE. 

Complllatioll in a t>mull instrulllf'rti 
lIlitilllly M'('llIl'd pruhibith ely com pi i­
e:lI('d. _\Ithough th' a\'ailalJility \If 
integrated eireuil;; hcipl'd to hring th i" 
llppro:lch lIelU'f'r 10 e('llnomic pr:H'l i­
calily, Ihe k('y idt:l W,I:i t ht"'u!';(' of dllal­
purpo::;c r<'gi,.;tl'rs, whi('h funclion ill 
both the IIlra,.;un.'IIlI'nt and eomput:l!ioll 
l):Irts of th(' 1)f(IKmlU. Our firllt. efforts 
:lloll~ tht':;t' !illl'." 111\'01\'(,11 &'h('mes to 
employ ,..ttltldard counting rcgi:;ten; in 
till' ('olltpuiatillll :-;('\'enll slieh Illl'thods 
('):ist, bUl they fin' eompnmth'cly :,10\\ 
find. in ,.;(JIIl(' (';\,.;{';;, I('.~s lI('('urate thall 
dl':<in'd. The 11.~)~J l'mp!oyti two rrgillh' l'l> 
that can fUIH'lioli ('itlwr liS coull ting 
rcgi':iter~ or a;; ~bift regi>:lters by applica­
tion of propf'r pro~r:unillillg llignllls. 
Th('~ two rf'gil'ltt·r.s {'ount !<ignal pui:'f'>:l 
and clock pui,.;<·" dl\ring the ll1ea."-ure­
Illl'nt.; during ('wnplltalioll they be-­
('Offi(', r('''pl'rli\'('ly, lhr dividend and 
dhisor rcgb,tenl in a fairly standard 
serial computf'r. 
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th • Experimenter 

The nwthod or computation i~ to 
liuhlr3rt tht' di\'i>ior rrom tht' dividl'lld 
and to tl',,1 for a pO!iitiVl' rcmniudt,r. 
1f til(' r{'maindcr is pO!iitiv{', a pul~' is 
applil'd In till' fir:;l dOC:HI{' (J£ till' quo­
tif'llt re~iRI('r :wel anOlh('r ;luhtnU' lion 
is lX'riol"llll'd, Wiwll lh{' rl'lllaind{'r is 
lIeguliv{', the divi . .;or i>i nddt'{J to fI'>itore 
!l po,;ilin' remainder, ('omplrting lhl' 
{'uirliltition of the hr.-t dip;it. Th(' f'(>­

nltlindl'r i-.; till'n mliltiplif'd hy t(,11 :ul(l 
th(' pm('('",.; fI'p(,:ltN.i to cakuiall' th\' 
S('('ond dip;it. l' ~tmll'y till' diddl'ud i:; 
initially slllalicr thall Ill{' di\'i:-;or (t'X­
rrplll'hNt' till' signal frcqurr1('Y exrc('d'l 
til(' l'io('k fl'equenf'Y), I;() that thf' fir,;t 
dit=;il is usually 1.('r1l. Th(' qut)til'nt 
N'gi"IN js dt'.~iglH..'<.i to iguore I'i(wh nOIl­
significant zero!), howevN, nut! will wliit. 
until a '")II-tCN! digit i!' rt'{'ordN.1 in til(' 
fil'l:lt. derll.de hefore transferring ill; inrmt. 
to th{' ijl'eolld decade. The step" requir('(1 
to perform this normalizution are 
counted to determine decimul-point. 
position and unit:;. Compllltl.tion is 
contiulll.'<I until seven dip;jL~ hnv(' l}('t'll 

comlHltcd , the las!. o f whil'h iii not. dis­
plnycd hut. is used t.o generate n round­
off in the quotient ~gist('r. Thl' timl' 
n'<luircd for eomllUtation dept'BeI:! UI)()II 
the free-Jurncy, varying from about. 150 
j.i8 for JO.OOOO+ M Hz to about. G7:l j.i8 

for 9.0000Cl 111.. Bec1lu;;;C of this "hort. 
computntion time, thc resu l!. i~ dis­
plu.Yl'<.i directly from the quoticnt. regis­
ter without. the need for hulTrr ~tomg{'. 

While Lhe program of the Tl'N~ 11 59 
ensures t1 constant six-digit resolution. 
nCCUnlCy deJ>ends upon the Ilccumey of 
the inwrnal cryst..al oscillator and ul)On 
noilie. With a resolution of I X JO •• the 
accuracy retluiremcnts of till' crystal 
oscillator are lIot severe in the light. of 
p~scnt1y av:dlable componcnts. 'MIC 

crYlilld oscillator for t.he Tn}; 1159 

was nevertbele:>8 designrd for good 1011 ~ 
term aging characteri!\tic.s in order tv 
makc lhe tim{' iwtw{'('u recalibration.s 
us long as pos.-rihlc. [n additiuu, facility 
is includctl for phaSl'-iork ing the inter­
nal osrilhttor to an {'xl<'l"ual IOO-kHz 
or 1-:\1111. referCIl("(' :<.t:lIldll.rd. 

The input cif("lIiL j" of \'it:l! impor­
tance to the pcrformnncc of any I>criod­
m{,3.suring devic{'. Ai di.:l('I1",,{'d in a pre­
vious art ide. I the 3rcul'l\('Y of :l period 
m{':l~urcm{'nl i'i {'ontrolll'd by lhe un'r­
all ~ignal-t<rnoiSf' raliu IIf tht' l'{)url'{, and 
th(' input.. {'ircuit. The noise of t he input. 
ein'ujt.. i.'i of two kiBeiS: I':ludom Boi~ 
gcn{,l'lllf.'d hy the S('rn it'ondu('loI'S ill till' 
circuit, and !:Ipu riOUl! signa l:-l harmon i­
cully r(,lat('(i to til(' C'lo('k !lBd computa­
tional frequl'neil':-l. In ord{'r to oblain 
tht, lowest. noii\{' 1('\'(>1 in the 11.:;9. the 
input. cir('uit. has a lirl('ar input amplifiN 
followed hy a Schmitt.. tri~('r of ('Ilrn­
par:tlively iargr hy!:!tcrr"i;;. The ('fT{'('t. 
of llny noise in the S{'hmitt trip;gcr 
is thereby refiu('('(1 hy the gain of the 
ump!ifier so that. p('rformam'" dl'l)('nd;; 
prinmrily upon the nni::l(' ie\'!!i ( £ the 
1Iltlplificr. l{:lIltiom noise is reduced hy 
thr t'ir('uit design of till' amillifier, while 
the spu riou:! fl'C<lu(,IH:ies nrc r!'dur!'d 
by careful bhiddinK lind dec()upling. 

The noiA(' I{'vcl 81X'eified for tiu.' Tn'E 
I t5g is SO ~V, The ('rror in measurt..'­
mCIlt.. caused by udditive noise is given 

by the formula I~ = 
1 

S/ 
where 

U lI'" , N 

Sf;"\' is the over-all bignal-to- Iloise ratio 
and n ill the numbN of periods meas­
ured. For single-lK'riod llle:lsurcments, 
this implies that. the root-mcaD-squared 
crror duc to internal noise is noduced to 
1 X IO~ for tl. sign:ll of JG volt.~ rms 

I R. w. F"""Ir. "h'pIJ\ Nolot," (:-rill Nod ... 8zpa1_»i". 
.·eb",~ 1!lG!I, 
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~ine wave) , for t.wo periods for 0. signal 
f 8 volts, Ilnd so on. At. WOO pcriocls 

the signallev('1 nooded to mllke internal 
noi!JC oegligible would be 10 mV rillS, 
which is the specified instrument. sen­
siLivit.y. Thl', formula no IOllger holds at 
this point because triggering no longer 
occurs at. the ax-is crossing. For signal 
levels of 20 III V, however, internal noise 
will not affect. Ilccurncy at frequencies 
ovcr 8 kllz for the fast. runge or 800 I fz 
fOf the slow range. I'fom the SHme 
fOfmula we may infer that noise cfTects 
from the signal source will be negligible 
for SIN> 110 dB 20 log n. At 1600 
periods this requires SIN> 46 dB . 

In the design of the inpu t circuit., COIl­
sideration must be given to the t.ypcs of 
signal that. will be measured . Probably 
the most common type of signal in fre­
quency meusurement is n noisy sille 
wave with a small amount of dist.ortion. 
In order to minimize the efTccts of noise 
with this type of signal, triggering 
should take place at. the steepest. part 
of tbe waveform, which is the axi$ 
crossing. (,'or this reason the 11 50 was 
made uc-couplcd . In order to preserve 
this relationship under large signal 
conditions, the signal is clipped sym­
metrically before each sLage of the 
amplifier. 

The 1159 input amplifier also has a 
programmable bandwidth, which may 
be changed in decade steps from 10 
M IIz down to I kHz by u. rotary switch 
on the control panel. By reducing the 
bandwidth t.o the minimum required 
by the signal, one mtly often ohL'lin a 
significant improvemcnl. in signal-to­
noise ratio. 

For IIOll-sine-wave signals, two addi­
tional controls help the user to obtain 
best. results from the 1150. First, a slope 
switch permita IIClcction of either axis-

Jun ...... uly 1968 

crossing polarit.y for triggering. This 
a llows the opcrfltor to choose the stool)­
er side of a nf)m~ymm('tricll. 1 waveform 
or till' !:l ici t, with letiS !lUiSi" and jitt.cr 
(for exam ph', the triggered edge of Ii 

one-shot). H{'cond, :l triggnr-level COIl­

trol helps to ('Ilsure triggering on low­
level pui1K!s with very low duty ratio. 

Although the elimination of range 
selection rt'lll\Jws most of the program­
mabili ty requirements, a ll t he remai n­
ing functions mentioned in the pmccd­
ing paragrnphs are programmable. 
Programming inputs require UTI. micro­
logic input levels exccpt for the displzly 
lime (vari:lhlc resistance) and triggcr­
level (variable voltage) inputs. Pro­
gramm ing conncction s are made 
through :l multitcrminai connecLor on 
the rear panel of the cou ll ter. 

BCD data output is !lvzll iable at a 
multi-terminal conn('clOr on the rell r 
paneL The si.'( digits of readout together 
with rangl' informalioll arc supplied in 
1-2~1-8 m'o flJrmat. at 0·,'1, logic levels, 
Logether with (~(mtrol signals for opcmt­
ing the II:i7 Printer, the 1136 Digital­
I.o-Anlliog ConW'rtcr a nd Slmil!lr de­
VICCS. 

By the USf' of a prescaler such as the 
Tnz,: 11 50 Decade Scaler or Tn'z,: 11 57 
100:1 Scaler, the range of the T nH 
1159 can bc extcndt.:d to 100 !\llIz or 
500 MHz with the s:lmc six-digit rcsolu· 
tion lind autoZllatic ranging features. 
Bcclluse of its pcriod-tY l>C measure­
ment, the TYPE 1159 doc!! not lose ll. 

factor of WI! in resolution 11.!1 is the Cllse 
with conventional ffC(lueney COUD\..crs. 
A th~l)Qsition switch on the rt'ar 
(>aocl of the instrumcnt I>crm its mul t i­
ply ing the readout by n factor of 10 or 
100 to give direct readout when a 
prcscaler is used. Thi!Slast fUllction, like 
aU the olhcr controls, is progr!lmmable. 
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APPUCA TlONS 
The 1159 has applications in all arena 

where gcneral-pu rpose COUTltRrs ore 
used to measure frc<luency. Automatic 
range 8\\ itching and constant t;ix-digit 
resolution Illltkc it superior to CO Tl V(ln­
tional counters for many high fN'qu('ncy 
meUJmrements. Spprific urcas of applica­
tion include frequency mefl-SUrcmCTlUl 
on crysUlI osrillators, voltng<'-to-frc­
quency converters, and communication 
receivers Ilud translllitl<'rs. '1'111' Tn-.: 
1159 is ouklt.o.ndingly superior to con­
ventional counters in the /In.'a of low­
frequency mCllsurcm("IIt.~, !x-CIlUS(' of 
the short measurement time needed to 
produce high resolution. This character­
istic is ('sl>ccially usefu l in IlwaSllfC­
mcnL'I 00 transducers (such as flow 
meters and radiosondes) Ilnd on roLaI.­
ing dc\'icps 6uch as gyros nnd motors, 
88 well B8 in acoustics, sonar, and vibra­
tion mensurC'lIlenLs. 

ComplC'tc programmability and data 
output make the 1159 a naluml COIll­
ponent of fully automatic test setups 
for signal-sou rce monitoring, filter nnd 
compon.cut. in spcclion, etc. 

The II,"',!J is very useful in Lhe rou tine 
calibration and setting of oscillators, 
signal generators, and othcr signal 
sources, since it allows thc operator to 
calibrate each I>oint on a dial without. 
having to select tho range on the 
counter. Calibrations are possible over 
the entire wide frequency mngc of the 
1159 without resort to period measur('­
ment at low frequencies. The st.'lndard 
measurement rate of the 1150 of 10 
measurements per second is fust. enough 
to a llow tho operator to tunc the 
oscillator continuously with til(' counter 
continuously following his actions. 

Many low-frequency oscillators, such 
as the OR TYPE 1310-A, are sLabie 

enough to be set to ±o.OOI% wi~ 
the aid of an 1159. even though tl 
sett.'lbiUty and accuracy of the oscilla-
tor dial Clllihmtion allow only ±20/0. 
More sLablc signal gpnerntors, like the 
Un. T\"I'~~ IO();$ StiUldard-Signul Gen­
erator, can be 8('t. to ± O.OOO2% wilh 
the hclp of the II flU and the fine-tuning 
adjustment. of till' g('rH'mtor. Using the 
gC'nerator dilll !llone, one ('an achieve 
only ±O.l %. For signal sources from 
20 to 500 Mll z, the 100 :1 TnE 1157 
ScalN or th .... 10 :1 Tn.; 1156 Decade 
Sealcr can Ix- USN'I ahead of the 1159. 
The resolution remains a full si.x digits, 
llnd the decimal I)oint 118 \\cll as the 
IIl1 its disl>lllY rt'mnins correct. 

When used in comhination with a 
sl:lhle sign:\1 sourcp, the l iS!) lends 
iL'it'lf to filler testing. ~~or low-frcquency 
filters, the 1159 givcs fast six-digit. reso­
lution without requiring that test speci­
fications be written and mensurcmcnt.s 
made in It'fIllS of l>eriod . 

The high sensitivity of the 11 59 (10 
m V flU S over most. of its frequency 
range), coupled with symmetrical limit­
ing of the input signnl, helps the 1159 
to rend the ~ignal frN:luency even in the 
prt"Sf'J1Ce of large amplitude modulation. 
Thc 1159 will rend correctly as long 
as the amplitude or the carrier wave at 
the ncgative moduhtlion peak exceeds 
the maximum sensitivity of the counter. 
For the Tnt:: 1003 Stnndard-Signal 
Generator, thc rend ing of the 1159 re­
mains correct with amplitude modula.­
tions up to morc tlmn !)()% when the 
counter is connected to Lhe counter out­
put of tbe generator. 

Other useful inpu t-circuit cha racter­
istics of the liS!) arc high input. resist­
ance and low input. cal>aciLancc, I Mn 
in parallel with 27 pF (20 pF when tbe 
roar-panel input terminal is discon-
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neeted). These make iL possible to usc 
an 1158- 9C)()O Inp ut Prohe , giving a 
Lotnl inpu t illllX'danec or 10 ,\ In 
shunted by 7 pit' and a mnx imum sen­
sitivity of 100 m\' (200 m\ ' at. 20 
i\JHz) or bdler. The ('Olmtcr {'nn then 
be connected to oscillt\lors and ('i rcuits 
without londing them nny mol'{' than 
n good oscilloS()op() wou ld. 

The 1159 will he "Ny \If;('rul in pro­
duction-linC' work. li s automatic runge 
switching capnbilit y ulld cx{'Cll('lll low-
frequency pcrrorlllaner permit Il ll un-
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skilled workrr to obtain a six·digit 
r(,:lding of IIny frequeucy hetw('{!u 0.6 
Hz :md 10 :\[][z without IHX .. '<i for 
manipulation of controls. The few con­
trols ('ollllcctcd with the input eircuit 
:LIld displ:ty limf' are rovered by It 

hinged door ill ordcl' to prcwnt miS.'ld­
jUfitmcnt hy curiOlLS pl"Oductioll help. 
The usc of tlwJ;C cOlltl"ols is t1llllc t"l'ssu ry 
unde]' norma l uS(' of the 11 :;D. 

- X. L. Wt::;TI,.\KE 

S . I3t;XTZEX 

SPECIFICATION S 
Fr . ..... .. cy.M.a ..... m . .. ' lIanll l: 0.0 li z to 20 
:\1 H z. In the fns~ mode, fi liz to 20 ~ lll z: in lhf' 
slow modc, OJ; Ih; to tUI9I1J!) :\t1J z. Extcnd 
runge to 100 or SO{) ... IIlz without. IOIIIJ of 
accUT/tcy wilh OR 11M ( 10:1) or 115i (100: 1) 
Scaler. 
F •• q .. ency. M. al .... menl Acc ... acy, ± I X 10 .... 
± clock I1ccura.c.v ± noise (see not('). 
Meal .. rem. n' Ral.: Sum of I\djullUlblc disllb)' 
lime, 0.02 to 10 sI\nd ., and merulllTCnlCnt. t ime 
of about 100 ilia in fASt. mode or I ~ ill slow 
mode. 
INPUT 
Sen.l!lvlly ,20 m\' rrnllllt20 i\1111., 10 mY rm~ 
from I Ih \() 10 i\ lIh. 
Bandwldlh , Ac-collpled input, -:1 dllllt :lppro" 
I liz. Bandwidth ~\\"ilch sc.le -:1 d A l )Qint8!1t 
appro" 10 or I M lh, 100, 10, or I kl z. 
Imp.da .. ce: I ,\III 2; Ill' for Il l) to .5-V pk·]lk 
input.; 0.67 :\111 .:«) J)I' for up to 200 "J)k.pk. 
Input capaeilllllC(' elill be rl'<lucc<i by iacon· 
neeling e)ther unll!le(] fronlr or rear'pnn!'1 input 
connector. Front only, 20 p"'i renr only, 17 pl-'. 
T.I"" • • Th ... hold: ±20 In' , udju~ l.llblf'. 
Slope: 1'000itive- Of negnlivC-!I;oin!l;, ~\\ i[t'h· 
!!Clected. 
CLOCK 
Inll.nal : 10·\1 II t, l hinl-(lverloue quurtl,-1:ry~t.a1 
OIIcill!ltor in proporlionnl-(.'OlIlrolh.'l.i oven. 

T. mp. ,olu,. Eff.uu < I X 10 .... from 0 to5(l (' 
ambient 
Wa,mup, Within 1 X 10 ..... in 10 minu~a llt 
25°C ambient. 
S'ablllly , Better tlUlU :1 X 10 ..... IICr uay llfter 
I monlh of opemti{m; better l WIl I X 10" 
per year. 

Exll'nal Ca .. lral , In~rnal clock O6CilllItor elln be 
ph!UlC-locked to external 100·klh or ].,'.lIit 
~ignal of at least] " rms. 
GENERAl 
P.a"rammabIUty: All conlrol functions Clln bc 
programmed by contact d06UI"C!I t.o ground (2· 
to of-rnA sink current tcquin.<d) ('xcept di~plnr 
time, which requi res an e.xlcrnal resigtftncc of 
o to 100 kll, and lrigger level, which tcquires 0 
to ±5 V dc. 

Nal . - ,,0l9C nrrceta prccia.ion of frt'qllcn('y 
mensuTCnwnl. For ndditivt' noise on siJ!;nnl 
mensured. tlw !'unr in nU'lUIul"{'UlcnL "'iI! be 

~ "hl'rI' ~ is thl' noilMl le\'cl lIud ~ th(' 
~:::;J! 

~iJ!;Iml 1<'\"'1 in tIl\" ~auH' unilll; n IS lh!' nu,ulM.'r of 
p('fI(,d~ llVl'rul/:rd IrLlernAlIy produ,'cd noise in 
Ihr ('"unl('r will df't{'rlll"'!' tht, limit in!; errur 
Il'vel For 1 hr II :)~I. I hl~ Inl{'rnnl noi~1' i~ flllPtfO~ 
r,o",\'rm:< 

Oala Oulp .. I, 1·2·1·8 BCD·I)TL outpuL for 0 
(lilljiUl of data, decimal [loint, ,tilt! !I\OO!lUNlml'nt 
umt3. I ):tl,L zef<) ill o.r, \' mll,( (12·mA current 
sinking c,rpnbititvj; d:lt,j ,\rIC i~ tlppro'( 5 \' 
hehind (; kIlo 
Ol.play : :-lil[ 11('011 TCndout UJb ... .II, :lutomntiC!llly 
llOIIitioll('d (jecim:rl ].Ininl, nnd mell8uremcnt 
unite. DimenaiOJlII ,'1111 be mUltipijcd Il\' I , 10, 
or 100 with r('l\t'l'ull!'lswilch for 119(J \\:ilh 10:1 
or 100;1 ]lres<'lll('t 
Paw • • Re .. ulred, [Oil t,) 125 or 200 lo 250 \ ', 50 
(,0, 100 liz, 60 \\. 
Aceellorl .. Suppllad, 1'0ll"er ('oro, spnre rul!('~. 
muunting hardw,.rc "ith nI{'k models. 
A . .. n Dri .. A~allabl.: ~; H 115H (10; 1) nutl 115; 
( 100:1 ) !"'Cfll<'M!, II:Ji Ibln I'rinter, 1131i Dij'­
tnl-lll-. \rml .. " ('''''''j'Tlt'r, IlflS-HI/OO input IITH)(" 
(lU'flJbhl., Itul.,· \I!lh (·uunIN ). 
MaunUn" , Ha('k-I)(,Iwh (,:lbiuet. 

Olmanoianl (lIidlh :-.: Iwight x dl']llh): I.\~nch, 
1!,I2x-l7~x 15 in. ( 1U5:-.: 125x:~85mrn);mck. 
I!)" :~!~ '( I:~l ~ in. { ISc', '( ,,'I '( :1:\:) mill). 
Nel W.lllh/ : I~',\("h, 21; 11> (12 klo:); r:I('k, I!I 
Ih(!' k.ll; '-
Shipping W, illhl, l"-:IWh, :\') 111 (I I; kg): r:\!'k. 
2~ Jh ([:{ kl:( l. 
( '''(II/Url 
\·uJIIIH"r 

1159·9700 
1159·9701 
1158·9600 

[' riu 
I)(Mri/lli(m ill (',<';.1 

'1 59 R. clpramali. Counle. 
Bench Model $2235 .00 
Reck Model 1135 .00 
P6006 P,ab., hkl'oni. 
CDIOlo" No. 010·0117·00 
InDI 'DId ,epe.alely) 22.00 
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FI.~ .. I. Typ. 16. 1 Aulo ... ollc t ... p.do .... Co"'po,olo, 5".1 . ... . 

THE AUTOMATIC IMPEDANCE COMPARATOR 
Th(' high-performance specifkal iOlls 

of today's ('lectron ic ('(juipment rt'quirt' 
illcrt'm:ing usc of prt'l'bdon compoll('nts 
and forr(' manufacturers tlnd U~N of 
rompon(,lll.~ to chetk large qllantitie~ of 
resistors, ('apac i tor~ und indlll'lors to 
rlo~ tul('rnu('('s. 'I'll(' 1680 .\lIlf)llltltic 
Cnparitnnc(' Bridgc,' introdur('(l in 
IU61, J"('prr:«'ntM tl major as..;auit 011 

the prohlrllls of high-\'olullle Illrasure­
mruls. This hridgr cun Illak(' two 
capucitllll('(' lIlea":UI"('Illl'llts a :S('('ond nnd 
prt'!;(>nt:; data in Illll{'h ine-r('adab l(' 1I~ 

well ns \'i."1II11 form. The ~u('('('''s of th is 
~y~tem WIlS imm('diate, and th(' IGSO 
nnd 1l""O('iated <'<plipment. C:1I1 now be 
found in production. quality-control, 
und ill"pr('t ion insta llations throughout. 
the world. 

Tht' n('w HiS) .\ Ulomatic Imp('dtmcc 
Compamtor SY1'.tem (Figurt' I ) i.o; simi­
lar in apPNll"anC'f' to the WHO. find it. 
boosts mo~t of the 1{')80's advantagcs, 
plus a f('w importtllll OIiCS of its owo. 
Like the Hi8O, it C!l 1I mak(' mraslIl'c­
lIlellts aL high sprC'd ((iQ to 1 00 per 
minute). aod it. prrscnts data in both 

in·linc digital rcudout fi nd in bina ry 
coded decima l form for USt! wilh t:tpc 
punches, {'urd punchrs, {'ompulc!'!', a nd 
other recording und handling e<lui p­
mcnt. T he chir f difTcr(' ll<'cS nrc ( I) thut 
the cupac itnllcc bridge is dc<.:igncd 
primarily for cupaf'itors, while the 
compamtor is eqUldly at home with 
r('"istol's, ind uctors, lllld eapaeitorR, (2) 
til(' compumtfll" Ill('aSIll'('S, not absolute 
\'ulu(', but. p('I'('ellt. difTerence helwl'ell 
thr unknown compon(,llt and tl stnnd· 
nrcl, and (:1) the comparator, .<;pr('ad ing 
a 10- or IOO· pcrccnt mngnitudc diffe r­
l'nce over fin:' digit~. i~ {'tlpnble of much 
gl'('{ltcr aCC'lIracy than i:; t he 1680. 

.\ ('oll\'cnicnt, if o\'(If.::-impli fiNI, way 
of dC'sCI"ib ing til<' ncw impC'dnnce com­
pamtor is to cOIl:<idcr it as a digital 
\'cr"ion of G n.'s 10llg-I>opultU HiO.1-A 
antilog impcdance compnrator.l Bot h 
thc IUSl and Ihc lClO.j-A cxpr('~s dif· 
frrl'nces in impedance magnitude and 
in pha,:e anglr. The great ad"antages of 

'R. 0. t'"lh. " " 1,. \.11 ...... 1i~ ('.v-eil'n~ U"dll~." 
G.·"ral Hadi~ ';zp",,,"ul ... \/,,,1 IPII .... 
." c. Hohj~ .nd II. P. 11.1. ".\ llio:b.P,,,,,,oion I ... , 
,,,,,lan« CO"'""rllor:' Guoeral Had;., HZJNM-"k1' 
.\,.rill\'~Il. 
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,e 1681 o,·(>r its older relation nrc t.he 
.Igh re~lulion of the digital readout 

and its compntihili ty with the nuto­
malic componellt-handling a nd data­
handling ('quipmellt :;0 "itai in toclny's 
technology. 

OPERATING FEATURES 

The 1681 is a fully Ilutomatic com­
pari,;on bridg(> providing dil'(>('t rending 
in both magnitude and phnSC'-ullgle dif­
ference o,·er a wid(> rftllg(' of impe<ianc(>. 
The high ~pl'('d and self-balancing capa­
bility of thi!i l'omparator nre obtained 
without. !otHcrificc of accuracy or im­
pedance range. Basic cumpurisull ue­
curacy il4 :JO ppm. and impcdlllH'(> range 
is 2 ohm!:! to 20 megohlll"~. The ('om­
pnralor can detect impedance difference 
und phnM'-angle diffcn'nc(' to 10 ppm. 

The mea:;urement deci:<ionl" are made 
hy a 167~-.\ Digital Control t'nit, 
who8l' cirl'uitry hns been de'ICribed in a n 
('arliN article,' The op<.>rnting mod(>s of 
the digital control unit. Sl.'r\·e to illug.. 
!rllte the vcrs..'\ lility of this in!:!trmllellt. 

I. The 1101.0 RAXOE pro\'idt's !:<pC('d 
nnd mnximum resolution of imlK'dance 
va lues for com ponents that \'ary widely 

• Filth, "". ftt. 

, , , , , , , 

(]II 
~­,~. 
_. ,--
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III \'nlue from the stnndard. Tn this 
mode the bridge halance sequence sta rts 
at the most-;.ignificllnt digit. 

2. The TR\('K (,O-';TI" t'Ol"S mode pro­
\·ides contillllo\Li t.racking of the un­
known from the standard. Blliance 
start.s from thl.' previous mca,·;urcd 
yulue in the it'n"t--;ignificnnt digit. This 
mode is lI"('ful for lemp<.>ratllre-coeffi­
cient mrn."urem('nls, whNe ;.mall 
changes in Ihl' ,·nlue of the unknown 
are being men~urcd. 

3. The Tll\j ' K ~~ '"'LED mode is utied 
for measurements of compon('nts where 
the difff.'rI.'UI'l' l)('tw('('11 the unknown and 
the stnndard i" smnll. This is f;imilnr to 
the TII.\(');. CO-.;TI-:I"Ol·S mode except 
that baianc(' i" nchi(",t,<i here only on 
command ()f tilt' olX'mtor, 

L The RE\lOn: p()~ition di5Conl1ects 
the front-pant'l hulllll('(' control nnd 
nllow1:' til(' operating mode to bl.' selected 
externally hy contact clo!>urcs. 

HOW IT WORKS 

Figurc 2 i" fL block dingmm of the 
1681 ,\lLtolilntil' IrnpedalH'e Compllm-

• tor System Blt"icully, the IOSI is 
a transformer ratio-:lrm comparison 
bridge with the unknown and siandnrd 

,.,,~. 

figll •• 2, 81 .... " I.g •• ", .1 the i"'p .... n<. <."'p.'.'. '. 
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impedances serving as the remaining 
two bridge arms. The output of the 
comparison bridge hi an unbalance 
voltage, which is measured by a se~ond 
bridge, using com'entionnl hridg~bnl~ 
ancing techniques as described below. 

When the unknown and the standard 
nrc unequIII , un unbalance voltage 
results whose phtL."C and magnitude rela~ 
th'e to the test. voltage are a mea"urc of 
the iilllX'dance diffen'nce. The unbal~ 
un('e volw.ge is fed in to a high~inpUL­

resistance, low~input-cn.pacitance nmpli ~ 
ner so that no louding will occu r at. the 
output terminals of the compariliOn 
bridge when high~impedancc com po­
nents nrc measured. 

The ampl incr's high input. im!>('danec 
is achieved through uS(' of a ficld·effe('t 
transistor in a source--(olJowcr configura· 
tioll . Input c:lpac itullce il'l reduced to n 
minimum through a guarding technique. 
Altogether this proddes an input im­
pedance of about 1000 megohm.s and a n 
inpuL ct\pn~ it:\nce of less than 1 pil"o­
fartlcl. 

In the ease of high.im~dance menl'!;· 
ur('ment w\J('re shielded cabl(' is ul'C<l to 
prevent pickup, the cable Ca l)at'iwnce 
to ground will cause phn.<;(' shirl. nnd 
attenuation of thc unbalance SigIlli\. 
The lllllplificr pro"ides a low.impcdallcc 
gUIlrd \'olt:lge, which can be used to 
drive the amplifier input shield nt 
approximately thc &'lme potenl ial as 
the input ~ignal to clim innte the l"able 
cupaeit:lllcf'. The gU!lr{i cnn effectively 
reducc cllble capacitance by a fnctor of 
about :M)(). 

The unbnbnce voltage (E I ) aL the 
output of th(' amplifier i$ mef\suJ'('(1 by 
another bridge circu it consisting of Eh 
a variable voltage, Ef , llnd the internal 
standards, Zl and Z!. If this bridge iii 
unbalo.nced, the unbalance :oignal 'is 

amplified nnd fed to phase detector 
which separate the error signal into 
real and imaginnry cornl)onents propor~ 
tional to the phusc--angle difference and 
the magnitude difference. These error 
voltages arc fed to thc digital logic 
circuitry, which controls electronic 
switchcs to cha nge the refcrence "01L­
age, E" until balance is achieved. 

At balance, thc counter displays the 
magnitude Ilnd phase--angle difference 
between the unknown und the st.andard 
(in the compariiKIn hridge) on a n in·lillC 
readout with positioned decimal point 
and appropritlte mcasuremcnt units. 

MEASUREMENT MO DES 

Two measuremcnt modcs arc pro­
vided, t.o ensurc the highest uccuracy 
under a vurieLy of conditions. Figures 
3 and I are simplified diagrams of the 
circuitry used in these two modcs. 

In the .1 H., .1L, or .1C mode, thc 
bridge mClIsures the impedance differ· 
ence as a percent of the sta ndard 
impedance. Thiil mode providcs lhe 
most accurate magnitudc.difference 
Illensuren\cnts O\'('t a wide dC\'intion 
rouge when the phn.'>('-angle difference 
Iwtwccn the standnrd and the unknown 
is "ery small. 

In the.10 mode, the bridge measures 
the impedance ditfer(,llce as!l. I>c.reent or 
the average of the standnrd and un~ 
knowli. This mode is most useful for 
nC('lInlt.c phaSf'.angl{'-(liffC"I1.'llcC and 
impedance-matching measurcments. 

60 Mode 

The .10 mode C:tll be represented by 
the bridge circui t.·· in Figure 3. If the 
"oltagcs, E, across the induct ively cou~ 
·~I .C. HoItj ... 11 P. H.lI ...... 11 G. r ... ton. "An lnou,,· 
... ~nt 'or th~ Pr«i ... C"mP'"<lOO" 0' r ... ]M"<b. .. ~ and Dit. 
.,patlO" •• .. 10 •• " I',_d,",. _j lAo .\ .. " ...... 1 1-:1«1, ... ",. 
Cu/r1't_. Vol . 10. 19~. 
• HoLtie and Hall. OJ'. cit. 
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led rtltio arm'l Ilre ('(tunl, the complex 
output voltnge, Eo, is: 

-E Zc + Z. 

The real part of this {'xprt'~~ioll i;;: 

Z~ - Z' I 
r.~ + z., 

{'os (O. - 0.) - I 

Z. I Z. ~ 
1+ 2 Z. , + :1 Z. 

If (O~ - 0.) i-; sm:tll, !O>:ly If';';,., thnn 0,1 
rtldi:ln, C08 (O~ - 0.) .,.. unity and Ihis 
equation I'('du('e~ to: 

n ( E.) = 7., - IZ •. 
• E 17..1 + 17. •. 

.\nother approximation is nr('r~~ary 
to htl\'(~ th(> hridg(' m('[t"ure the im­
JX'(iulI('e diff('ren('e liS tl lK're('nl of the 
~tandnrd. If Z. - IZ. is very ~mtlll: 

Ze. - IZ.I 
Z,I + IZ •. 

z. - Z. 

:2 Z •. 

I n mca~urement."'\ of re"i:.tance, capac­
itance, und indu('tanc(', the in-pha"C 
componcnt of the hridge output \'oltag(' 
is Ii metlsure of the lK'rCent diffcl't'nce of 
the relatkc components: 

(R. - R. X JOOO') (C,-C'XIOO~) 
H .0, C ' , 

• • 
L" - I~. (>' 
(~ X 100 .,). 

Th is approx imation is qu ite good for 
impcdnnC'c d ifferences less than ,"}% and 
i8 the basis for compari."<ln-bridge 
opernt ion. For larger improullce difT('r-

, 
, 

z. - z. '.' --, z •• z. 

Fri'''' 3 . 10.1. !wldV I cI, ... lI In th • .l() mid •• 

.Jun.-July 1968 

nc,...c~. ~,~,--I '. , 
., 

_. 
Fltlutl • . B ... ie b,idl l circu li I .. th l A I , A l . 0, 

l!. C modi. 

eIlC('S, the bridgr output h('('ome~ quite 
nonlinear and ('orreetion i .. Ilece,. ..... :lry. 
(The .l R, .l L, .lC modC', d(>.'<iglwd in to 
the !(is I ('omp:lrator to O\'('rcome the 
Ilret's'<;ity for corr(,{,tioll due to t his nOll· 
linearity, is d i"{'u~;;cd hC'low.) The 
imaginary part of thn bridge output 
mllage in the.lO mode i:'l: 

I (E.) ~ ,i" (0, - 0.) 
"' E Z~ Z. 

('os (fl~ - 0.) + :2 Z •. + 2 z~ 

If Z~ and Z. are ullNlual but til(' dif­
ferene(' i" :;Illall and o~ - o. i-s le~s than 
0.1 radian, thi" expre,.~iQIl reduct's to: 

(F.) 1 I. E' ~ 2 (0. - 0.). 

If I'f'I:lIi"rly pure elrm(lnts arC' u;;('(1 
(C, with D 16" than 0.1; H, with Q I('s.') 
than 0.1; t, wilh Q great{'f than 10) , 
thell (O~ - 0.) = .lD of (; find L, or 
.lQ of R. 

.lR, .ll , or .le Mode 

The bridge circu it for i h(' .lIt ..lL, 
or .le IIlfl{l(' i" ~hn\\"11 ill Figure I. The 
unbnlaucr hridgr "olt:\g(' is: 

E + kE.. Z~ + Z. 

If feedhack from the output. to the 
bridge is :;uch that. k = I, then: 

E n. 
Thi:; i:; what. i:; desired. 

13 
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the[;JExperimenter 

Hobert K. Leong re­
("eivl"<l hi~ B!:'EE II.m.l 
:\ I:-;EE de-glff'! from 
X<Jrtheft~te-rn lfniver<ity 
and jujn!'.1 Gene-ral HlI­
diuin I!IUI. A!<s develop­
IIWllt e-"gin~'t il1 the 
1 .... ,w-Fn.."'lne''':y Imped­
!\l1t't' Grolll>, he ~lleeilll­
il{'~ ill the desig" of 
hridg('~ Rud I'IJlnp,\NI­
til,"". III' i~ H. IIu"lIhN of 
Tau 1k>1:. Pi Rud Etll 
Kappa Xu. 

The 1·l'al part of the formub. is: 

n (Eo) ~ r..I~o,(O. - 0.) 
8 E 2,Z.1 

For (Os - 0.) k'.~s than 0.01 

It (Eo) ~ 1r..1 - I~,I 
, E 2Z.1 

radian: 

This approximation is extrx'1l\l"ly 
good; it produCl'!'1 tl maximum d ifference 
('rror of 0.00,)(1, fM (0" - 0.) = 0.01 
radian. 

The imnginary part of til(' bridgc 
unbal:lncc is approximatcly C{lu:d to: 

(Eo) IZ.I 
I ., E ~ 1r..1 (0. - 0,), 

if (0. - 0.) ::s; 0.0 1 rndian. 
Xote that the ph:l.'i('-angle-diffl·rellcc 

('rror i,.; dirt'ctly proportionnl to the 
ratio of the' unknown impedance over 
the f'ltandard impedance. This ('tror i,; 
Il('gligihll' in comparisons of pnn" (,Il'­

ments (H, L, (') of approximatrly the 
Mill(' valur. 

In eff('et. con W'n tiollal nnalog I'om­
parison brid!(t':; ha\·c provided an incli­
catiun of til(' pf'r(·('ntag(' ditf('!"el1cc 
l/t,tw('('n thf' :;ltllHlard impedance and 
the unknown impedance with re>'pect 
to the Ul'cragc of the two impedances. 

Idenlly, the read ing should rcpresen 
t he ditr('r('ncc b('t\\·C('1l tht' unknowli 
and tho lOtandard imp('dances, ex­
pre",-;('() ll~ a percent of the s/flll(/ard. 

Til('''l' two tlppro[lche!-l produce d iff('re nt 
rendings, but thi ,; differellce i.s smull 
when the unknown and ,;ta nd ard im­
pedances arc cloS(' ill value. For large 
diff('rellces betw£'('n thc unk nown and 
the st:mdard the rending,; become 
widely different. ::IS indit'aled in Figure 
:). For example. an aCcurftte percent 
differt'nct! of .)O~ would rt'ad + IOP o 
on one ~ idc and -G6.7% on t il(' other. 

Rome lt1lalog comparator:; prodd(' 
f<t'pftrate meter s{'a ll's and indiddual 
mf'll,,!trement fangl'i'i to comp('n.~ate 

for th is nonlilll'u1"ity. In the IUSI, how­
en'r, the Ilew .ln, ...lL. or ...lC modc 
pro\'idef'l t he de:;il"{'d iudi('ulion OWl" the 
total rneaMlfl'llwnt rtlng(' without eor­
ff'clioll. The olhel" mode is al,;o :l\·ail­
uhl£' and i .~ labeled ...lO l'incl' it il' C'-'P('­
cially useful ill the l'o1l\pari~on of 
pha.'iC anglcs. 

APPLICATIONS 

Component Meosurement 

The 1G8 1 ('UII he used to make f:l~t , 

accurate compal"i'IDn lllea:;Ul"elllf'nt"i Oil 

nlmost any typ(' of capaciIOl·. \\' ith 
capa('itor.i of V('I·Y low \·ahw lInd('l" 
10 pI-' the comparator ('an he made 
direct-wading in raparitll nce if a su it ­
able ... hunting l"ll pac itor i.i {'olllu'cted 
acro~.i tIl(' d('tcrtor. In 1\J.~'; Ilwa.'iun·· 
men!s on )ow-1m .. ., t'apaeitol's, Ihl' u:;('r 
ran call on the IO-ppm di~.~ipatiCln­

be-tor r("~Clll1lion of tlw inS!. 
For Illelh'ur('ml'nt,; 011 ,·olt:t)!;(,-l'('lh .. i­

tive capacitor:;, the test \'oita,l1;·" ('an lic 
modified 10 meet :\ Iil ~pe('ifi(':i'ion~ 

:\11 L-C-1IOLlC and :\11 L-C-:mOII fol' 
do\· iation lll('aSlIre lll('nts lip to ± 101'0. 
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·UCU<T 
O~ IR'DGE 

OllT'UT ~ 

I 
-~ o 

The comparator will rncn:,;UI'f' induc­
tors, in terms of inductance difference 
in percent. Thus the instrumcnt. (',Ill be 
helpful in Ule bftitUleing of t r:lnsformers 
ftnd ill the IldjuslnlC'nt of inductors to 
prc('itiC tolerances. 

Hrsistallce measurement - again as 
n percent difference from a standard 
is possible \\'ith the W81. Here abo the 

high resolution of the eomp!lmtor can 
be put to good usc in mf'aSUrf'ments 

of rcsislllnce drift, for example, as 
small as 10 ppm. 

Sorting, Inspection, Quality Control 

As the /lumber of ('olllpo[]pnt.-; Lo be 
measured ond sorted increases. speed 
becomes more and more important. 
The IG8l J like its sister instrurnc[]t., the 
1680 Aut.Olllalic Capacitnllce Bridge', 
was designed for in"tallation and u.-;e 
ill automatic s,rstf'tlls. Gellf'rtll Radio 

manufactures or Clln provide a \\·ide 
array of input and oulput accessories to 
handle and to s()rL component.s and to 

record measurement data (sec Figure 6). 

I 
~ 

.June-.Jury 1968 

PERCENT OF 5""UNDORD 
-lO 2 , - 2, 

'. 

-00 

-00 
FigIJ'e S. Bridge output chara.te,IIUe •• 

Dielectric end Temperature·Caefficient 
Meosurements 

The' I'ntcrpriO'ing f'np;ill{'rr 01" I·wientist 
will quickly find man)' ways to tllke 
:Hh'antngc of the "'pl'('{1 nnd 1'l'1;!)lution 
of the 1GS1. ~ampl('s of diel('elr-ic mate­
r-ial:; can be ('olllpareti, \\'ith prcei:><' 
readout <If illljJt'darwI'-nlflV;llitudf' :Ind 
phase-angle dilT ('relH'CH. 'i'en\pI'I":l 1 ure­
coefficie'rrt Tllea .... ul"{·Tllcnts on compo­
nents III t'1l\' inlllnl('ntlll ehamIJI'rs 
usually inn)l\"(' d(,\'iatiolllllrasurernrnts 
as a fUllction of tf'mpt'rature, aud here 
Ihccomparator. ,,·ith its 10-ppm rC.'lolu­
lion Ilnd pl"O\'i;;i()1) flH' nU!{Jlllutic data 
collcctil)n, is of 1J)l\·ioll!; \'aluC'. 

TEST SYSTEMS 

Input Devices 

Because .SO Illany di/Tel"{'llt lypes of 
eOmpOnf'llt,; I'~rn hI' nlf':tsul"ed O\'('f such 
a wide impedance raugt·, it is irnpo1'lsible 
to pro\'ide [l "inglf', all-pnrpoH' t{'rrninal 
arrangetllf'nt. [n Illany ('a~';J the con­
neclion of the unknowll eomponent to 
the compara tor call he most con ven ient-

15 
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t h e[;jExpe rimente r 

foj("'$UIII(foj(HT III IIIECOIIOl~ 

'" ..... HCK. .... C OTH[IIII)t.U, PfIOt($$'N(; H .... OUNC ... ,.. ... lySlS 

TIIA"5DUCEIt ~-y MCOfID[1II 

§ ! ,IIIO-P; }--
~ ..... , TEST H ~:;;. .. I ' _TUII£ II(CORDEII 

Ht. III' IEf'IVI_!oIEHU~ Ii t71~(~ "'''''''''Allt i "~,- I CH ... fojaElII K ... NN( IIoI'£DllHCE rl :116-... DI: ~ 
~"'" COOoVEllfEII P~'::EII 

l=::r ' 1 "lH'.IoL-)Il r III" 50IITEII _8£111 H C'T8JO'C'U~r 'f~fll.lofOll L'''lr 
CO'oOPIIiATOIi 

,,,,. C.&ftO PUNCH j-
~ , ,"\,~ C.&c'm- P\I 

lIf'L£II r.loPE PUtI(:H 
r .. (II"OK1[ll -I~'''I P.ll1I"'LLE~·TO 

Slll'Al l'I'l'£W'lll(Jt 

C CAro ft( -"'[0 IY GlIOUI.&L IMIIO 
«".PLEIII 

l fojAGN(lJ(; r TAPE 
II[CORDEII --FI,"'I 6, Cho . t .h. w ! ... !",'. u", . .. 11 ... d d lv!e" ,h.t c ... 10 . u u d I ...... ul.", . Ii ••• ",_ 

p . ..... , -"' . ..... ! ... 0),11. "" G ..... o l •• d lo co .. '''1'1'1), 0),11. ",. l .. cI .. d i" l th . u • • mp .... n .. 
Ind lco' . d b )' li .. lld bl •• Iu , 

Iy mnde through the II~ of tht, 1HSO-PI 
Te~t Fixlur(',' in wllieh the components 
nrc manuully in-.ert('(1 

.\utomatie input dE'\-ic(':;, ;;u('h n" the 
1770 ~('1l1U1N :-iy"t('m, tll"(> a\'ailahl{· for 
npplit!Hirm ... ill whi('h ('ompOIwnt, .. mu,-.t 
he COllll('('lc'd to III(' rompar~tor in a 

pre::trihcd automutic ,s('(lu(,llt'e, 

Output Deyices 

:\Inny output de\'i/.'t'-' l\1"(> nndlahll' to 
rl'cord tl\(' lIl{'tlHlr('(1 datn, .-\Illong these 
lire printt·r:'. nnalog r{'eord('f~. ('llrd and 
tape punrh('",. t .... pl'\1 rit(,N, and mng· 
uetic tUl>e rc('ord('r .. 1 

Th(' T\'I'!:: 11:17·.\ Duta PrintN (de­
::. ign('d for u,.;(' \Iith (;H digital equip­
ment) i ~ prohabl:-' lilt, 1('Ilt-t (>~!>f'Il .. in' 
olld !o<irnplt·~t wily IIf ullwmati('nlly 
obtaining a l)('rmllll(,llt r('('ortl , 

111 npplitationll wilt,f(' tilc output data 
af(' de~irl'd in till' form of UII nnniog 
plot, sUI'h :L'i in telllpl'mture-cOC'flicil'nl. 

, Fu!h, 01'. ~i!, 
, II. T. ;11'.\1 ... , .nd H. ~'. "'~tI~. ,. \\1'''''''''''' ('_po';,o,_ 
T ... 'lnl: ~h-'ltftI.:· Gu",,/ N ... , .. I:rpn, __ "". l"ov_DK 
I\ltiU, 

m('l\SUn'nWllt~, a TYI'~; II:JO-.\ Digital· 
to-.\nniog ('Oll\'('rtl'r ran bt:- u"t'<i to 
trtlll,.,late tIl(' dttta output intll n de 
voltage or c:url'{'nt for illlaiog r('('ording 
by the TYi'f: I,'}~ I - B Ur:lphic I.m'c! 
iteeordrr , 

For tho,;{' who wi .. h to rccord data in 
mnchine-reudahle fo rm, pUllched lape 
i:l the lell .. t ['xpeu"j\'(' .sulul iUII , ,\ 
p:tnillcl-to·~riu l cOIl\'('rt('r mu~t be in· 
S('rll'll bt'tW('(>1I thl' bridgr find th(' tllP~ 
pUlwh IX'CtlUM' til(' lIe o data f!'Olll the 
bridge :lrl' pUlwhl'd ~'ri:llly on Ill(' Inp :> 
and the hridge output i" prc:;{'nled in 
pllrulld form . 

,\ ('ard pundl, ,..u('h lHl tlH" I Inl ,'):!(}, 

i,.. the 1ll0'" common output d{'\'il'(' for 
ohtaining mllchine·rt'ull:lhle rel'on"'­
Th(' thi(>f Il.dvnntag(> (If the pIIBl'hl'd 
curd j" thnl, nftN all thc (.'ata (n a 
\(·"ted com poul'nt ha\"(> heen punched 
Oil 11 .. ingle card, the card ('an mo\'{' with 
the compon('llt. The TlI'~; 17UI Card­
Punch Coupler ('un be u~d as 'he 
parall('l-to-SC'ri ll.i con\'(>rlcr betwCt:'n the 
bridge nod the card pUill'h. 
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Typewriters and magnetic tape re­
corders can also be used as output 
record ing devices; they arc generally 
seen only in large measurement sys­
tems. 

Processing Equipment 

A useful member of the processing­
equipment family is the new TYPE 178:3 
Digital Limit. Com parator (similnr to 
the 178t Digital Limit Comparator)', 
which com pares the bridge reading 
against manua lly set. limits to determine 
whether the measured componcnt is in 
or out of tolcrance. It provides GO/ NO­

GO visual indicl\tioli as w('11 as relay 
contact closurcs for autOlllatic sorting. 
Further information on this instrument 
is available on request. 

Standards 

An external standard is required for 
the 1681. This standard lIlay be a 
component identical to the unknown 
and selected for a nomjnnl value, or it 
may be a clllibratcd, fixed standard or, 
if more conven ient, a variable standard. 
A wide selection of standa rds is avail­
able: the CR 1122 Precision Capacitors 
(for small vnlues of C), the 1423, 1424, 
and 1425 Decade Capacitors (for large 

• .h.., • ..July 1988 

values of C), the 1433 and 1434 Decade 
Resistors, and the 14!)1 Decade in­
ductors. 

BRIDGE OR COMPARATOR~ 

The availability of both an automatic 
capacit:mco bridge (t he GR 1680) and 
an automatic iml>e<i:lIIce comparator 
(the 1681 ), both at approximately the 
same priee, will lead many to wonder 
which instrumcnt is I)('tt.cr suited to 
their 1ICt.,<ls. In most instances, the 
cholt-c b.hou ld be easy. Tho bridge indi­
cntes capacitance and loss directly. 
lhe comparator indica\.('ij percent deviu­
tion from lUI externa l sta ndard. The 
comparator olTers greater resolution, 
and it measures resi"tors and inductors 
just as ca!-.ily as it docs capacitors. 

Bridge or comparator, the result is 
speed and convenien ce impossible with 
!lulDually operated instruments. The 
higher initial price of the automatic 
instrulll('nt. examined in terms of cost 
per compOl1l'nt tested, is seen as a true 
s.'H· ing. ludeN!. for the high volume 
measurer of componcnts~ the automatic 
bridge or compa.rator is now an 
economic necessit.y. 

- R. LEONG 

• McAleer and SUlt'. 01>. cit. 

S PECI FICATIONS 
T,,,,, 

Uului &nQe /Wngu lor .11 w.tUTe~m with SlaWl Accuracy 

"'" Scole 

Rul'Ion •• 2 U-20 MfI 100% 
10% 

Copocilon •• 20 pf-.800 " f 100% 
10% 

Indlldon •• "00 Jl H- l000 H 100% 
10 % 

fULl . 5CALE RANGES 
MOlnlllld. Olff.r.nn, ±10':{, and +100('~ 
-40%, fullllC.fl,lc. 
," .... Anll. Our. r. n •• , ±0.1 aod ±I rooian, 

120 Hz ~OO Hl 1000 Hz 

10 \l-2 Ml1 10(}-2 Mil lOU-2 Mfl 
$00 (}-2 MIl 500 fl-2 MfI 500 fl-2 MU 

1 nf-l00 " f 400 pF-!iO Jl f 200 pF-20 Jl F 
I .'- , .' "00 pF- "2 " f 200 pf- 1 " f 

5 mH- l000 H 2 mH-200 H 600 " H-IOO H 
200 mH-l000 H !i0 mH-200 H 30 mH-loo H 

full scale. Th(' Ilhaae-angJe dilTerenre is very 
nearh· equal to the I) diff(,fCn{'e (C and L) Ilnd 
tbe Q dilTerence (H ) \\ben 1.110 J) or Q is lese 
than 0.1. 
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ACCUIACY 
~ I . ~ l , .lC M. ollI ...... "1 Mod. 
Ma.nUlld. DIIt, .. no. (M c; of 1I\:I1Ularti~: ±II f; 
"r n·udiul;: + 0001 .lfl (in ("Olln!lI) + 5 ''''lInllll. 
I'ha .. _An.l . DIff ... nc.: ±[I(, "f rl":1I1iul[ + 
0_005.lZ (ill (·"unta) + 5 ('(,unt.1 + Rdditimllll 
('rrur wlll"n Inrl[" mnl[nituti(' difl"l"rt'llci'1I lire 
u'('III1Urf'U (\.Irrt'("til.ln l"hurt lIuppJird. 

.lH M. al ll •• ",.,,1 Mod. 
Mo.nUl/d. Dlff ... nc. (M (; of /1v('rlllt(' !If un­
knnwn anti st,mdnrul: ±[I', uf n·adinlt + 
0_001 .l0 (in c"OUnlll) + 5 ('""unts:. iI('lltlinll;; 
in lhi.e n,,,o:Il' dilTtrll fmm ',-<.of-flt:mdnrd wlli'li 
dl'vi;lli,," ~ 1', _\ l"Orrt'("liun l"hart i& aUllllli, ... 1. 
""ol._A ... l. Dlff ... no" ±11 c, IIf ""aliing + 
O_DOS.lZ (in c""lIltal + 5rountal. 
M ... l .. ol",tlon , 0_001',,0.00001 rfldinn. 
Eff,ul of lood., F"r high.irn]l('da.nf(· nll'!l8Ilr('­
nlt'lltll "ith input III,i{'ld !(llRnll"d, IIhic'l(h'd 
c·nhh'6 ull til :! fl'c·1 1'1II1t rlll1 hot' ulK-d with.,ut 
silCnitkan! PrTlIT from cllble cllplldt..III("~·. 
Voila,. Aeroll Sionda,d and Un~"OWn , o.:{ \' fur 
100/ ,.rull",wall.' runICI': :~ \' for 10'/ tllnlC\'. Tl'IIl 
VUh311:1' ,·,m 1M' m'Mlifi(>G un rt'qul'!ll W mCi't 
~111. ~rM~·ilit""'i,,n~ '111 ... C-I 1015(' fUld "II .... C­
:I'J()II "n 1"1.·nul1i,· t"parilo,..... 
D. 8101t (",," II(· intro.oJu("t..J r Will c'"l{·rll~ 1 !I'.Iurrc_ 
Dllp'oy, ,]""", 5-diJ(il hllnkll "f "right.tilth., nu­
nlf'ri"ul indil"a'''nI "itb d",·imal,M,intll.lld IInita 
Hf UU':'~"TI.·UU'lIt. 1.,1111]1 hUTU,".t d"c'll nul Ilff("rt 
in~tnmlt"nl "j),'r:,liun lit (~.odrd tlutpul. 1.1Il1il)ll 
(·ar! II(' n.·pIR'--fi! fr"m rronlplllI('J. 
R. mote CO"I<o1: StHrt lind b,lllInc'(' ('/)ntn.ls Clln 
be ntli\"III\~ 1 r('ULoldy by ('IInU\1·t c1ut1uN'!I. 

18 

OUTPUT 
Num •• lcol Dolo , 10 digita BCI) 1-2-1·2 rode . 
,.In! Com",ond (nt romlll('lion of balance): 
Change from "I" Icvi.'! to ·'0 " h·vel. 
SI.noll . ... I" " 1" lrvd, 0 V; " 0 " !('v('l, -12 V: 
both with rt-'8p£'rt 10 rc(cN'nce li lH' at +6V 
ahove chlll!Sia ground. Impl..'d:mre IIf line!! 12 kil. 
MoollI,.m. nl late, I'nn ~1 ('(Wltol aJlnwB /ldjullt-­

ment of Oll"WlUl""Cment rIIt(' 1111 thllt displtn- time 
b<'t"'('{'JI melUlUtCmentll i$ hetwecn a\'I' ro.~ 0. 1 
and 5 ~. The rate Cllll be IM'I mnnll ll r or re­
motely at any rllte c(,mplltiblc "ith bal3ncc 
time. 
Olh. r Moo~l/ .. m.nt "'"II. nc ... , "-ilh int('rnal 
modificatinn, thl:' 'nl"MUretnl"nL frt'<luC'lldf'll ('an 
be ("hllllged 10 lilly vAlut' bt't~cen 100 Ib and 
2 kHz. 

GENERAL 
Pow .. Requ ired : 105 to 125, 195 to 2.15, or 210 
to 200 \ ., 50 10 r.o li t, 100 W. Internal 120· lh 
l18('iIlawr is l{)Ck~,<1 to ]lU\\('r line fo r GO-Ih 
OIICration. 
A",.lIIa.y Conl.ol" ~nllilivit.v l'ontml on front 
pa.n~1 call be u!l!'(l LO Illinimize bslanf'{' lime 
with a reaulting d<'('I""CIllM' in 8r("umty. N>lf IIlsrt 
(",hcn coml)CmenL is ("onn('cled) or ext Slart (hy 
contact c1011ure) cau be IIl'Ie.:lOO wilh a tear­
pall;>1 a"ill-h. 
A".uo<l .. Supplied , Hftrk-nlmmting hard"'IITe 
"ith mck mfldel~: 1)(""C'f rurd snd $p:lTe fU!!ell 
"hh all modeili. 
A ••• uo.; .. A .. allalole: IfhSO-1'1 'I'1'I1t Fi . ..-:ture: 
n, I. , lind C standtlrti9 !Unl drf'tld(' h""t'!l: 
vflrious (i ll diRitnl .. dntn,:u'<IUii!.ilion iustru, 
mcnts and s)"atcrn (~Jnlpot\cnts. 
MOllnl ing, Supplit'll with hardw:lrf' fur nn·k 

!l1"llIIting ur I188emblt'll in ("ahint't fur l)Crtc·h lUI\' . 
DI",. " , lon, ("'idth X l\C'iJ(hl X df'pth): BClwh, 
19 1 ~ X 12 X 19 in. ( "15 X :IDfi X \,'\5 nlt!!): 
rRrk, 19 X 101 t X IS ill_ ( \&5 X 2,0 X lUO 
1111111. 

Net W.lghl: I3en("h, 7G Ib (35 kg); ratk, ,lib 
(33 kg). 
Shipping WI ;.,.ht , Ikm·h, It;() Jb (i l kg); r".--k, 
1451b (li; kg). 

('(liIWJg P,iu 
.\ '!O,b, f)~~rril'li(o" I,. {".'l.l 

lUI ..... ""' .. II.lmp. d _ 
anU Co"'por .. tor 

St·" m 
1681.9700 115V,60th,ltnch $4975.00 
1611·9701 115 V, 60 HI,b . .. 4975.00 
1681·9702 115 V, 50 HI, a ... ch on """, .. 1 
1681-9703 liS V, 50 HI,hclr. an .. "", .. 1 
1611·9704 :120 V, SO HI , a ... ch on .. "I1 .. ' 
168.-9705 220 V, SO HI , R ~c" on"qlln l 
168'·9706 2lD Y, 50 HI, hnoh On ""1", .. 1 
1681.9707 23., Y, SO HI, I .. ck 0 .. '.qu .. 1 
1680-9601 "10·1'1 hi' fl., u .. 95.00 

u.s. P.'_., AW', .. ..,._ 
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NEW WIDE-RANGE RF SOURCES 

Sevcral recent additi ons to the Gen­
era! Radio line of wide-r:.lIlge, gCllera!­
purpo .. "iC laborlltory rf powe r ~ou rce.~ 
should Cllhunce :m already eX('cllcnt 
reputation for pcriorman('c, \'{'NllililY 
und d<,!>cndnbility at a re:l.~onablc I>rire. 
Two new \' hf Ilnd uhf oscillators pro\'ide 
increa.'K'<I frequcl\('Y {'OVl'mgC' and im­

proved modulation capability. Three 
!lew models o.f I he Po.wer 8u ppl iC's (lITer 
rt'gulated d(' hcMer ,"o.llage for im­
pro\'{'d o.S('iliator :stabi lity. The IIC\\­

osdll:\to.rs and Po.wer ~uJlplic~ nre J>:l(·k­
agoo for qui('k, ea:-;y in,.t:lll:llio.n nnd t1~ 
togethcr, whether o.n the bendl or in a 
relny rack. 

Thc lIew o1<ei lhllor ... ha\'c the low­
no.is<' :;itlcband le\'el c~--<,niia l in t hc 
locH I Oiid llato.r of a ~imple !lujX'rhctNo­
dyne reeC'i\'cr using It wide-band nillglC'­
sideband mixer. In the Tn.: 1211 ll et-

• '" ... .. • 
i _ 00 

:; 10 • . , 
• 
• 

, .. 
i '1 

i 
ii 'IX! .. 

• 
• 
• 
• 
• 

LW~, 
r-I T>! "'-l 

-" _.UI 

V 
1\ 

V 
II!./.UAljlHD.- -" 

FI"",. 10. Oulput pow. , Inlo 0 
SO.oh ... load for Typ. 1363 

0 1(111010'. 

ero.dyne Dcteelo.r (,.ec page 2-1 ), the 
12:361-1' .\mplifif'r lllltl t he Si--t-:\IH .\l, 
:\lix('f are u~d with Ihc:.<' o::of'illators to 
create a pret-j, ... ion t·:\lihratcd receinr. 
TYI>icld K'n~iti\'ity i~ - 100 dBm for :l 

3-dB mC'ter dcf\f'('tion on:or re:,idulli 
noi:;e wilh a 0.:,-:\ 111 1. bandwidth. The 
o.~('illator~ :\('hic\,c hot h low noiM! alld 
completc frc('dom from lIonharmoni(' 
d i:>er('ic npuriou;;; frcquclleics in th{'ir 
output;;; throu~h thr usc of high-Q tunk 
eircuib oJ)('ratf'd at high I('nl 11\ a 
f undamcnl al-frcq Uf'llt·y m(){lr. 

56 to 500 MHz. in One Band 

Thc t:~ti3 O:<('illalo.r dcli\'ers Po.wer 
typirally in rx('('_~ .. of 1.-)0 III \\' fro.m ,j6 
to.JOO :\1111. t:-cc FigufC la) and rcpi:lt'cs 
the popular Tn.; I:!OS-C .. \ s a local 
o.:«'illator in the I:!II Il eter(){iyne De­
tector, it pro\' idf' ~ fUlldamental mlxlIlg 

-... 
: _0 • 
· , -· 
1 
• · ~ -
~ 

r-

• • 

~."'UL> 
IT 

Q.U.lRANTH ::.... -r-- -

"'0 ____ _ 

.... 
Figure l b . Oulp ul pow., 
In lO 0 50· oh ... 10001 fo r 

Typ. 1162 OIeIUolor . 
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th~Experjmenter 
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Flgu •• 20, Typ;.ol ,I .. tim •• Ito.II"1I d . loy, o"d jUte ..... h. " 
Ih . un OUmo!o. II pul .. d by th . 1264 Modulotlolg 
1'0 ...... S .. pply , dr;~." by a 1217_C "uln G, n eralor . 

~ Ouillogromi Iha .... mod .. lallng and mad .. lol . d puh, 
-- s hop. s .. I ' .. "u. n,y '."' m .. ollh, 1361. 

for !ligllul frequencies from 10 to ,):10 
:\1111.. Th(' hll ... ic wide-range tUlierl {'on-
8i~t!l of !l \'ariubl(' indu{'tor and n varia-
1>1(' tUlling ('lIpll('itor, cOlbtru('{('d n . .., an 

integral \luiL Thi:; fundnnl{'l1t:ll-frC'­
qU("n('Y L{' o~{'i1Itltor I:ireuit is il1h<'I'­

('ntly mor(' !llahle than 11(' or hrat­
fr<,quenry ('.if('uit1l, In lil{' n('w o!'(,iJJa-

I.~ " .... "h.., \·UF.ndl:llt·U'nilO"iU .. to ... • G~ 
H ...... I;~,.,,_'Il"". ~I.l' 111.;0. 

- - -, ... ",,,,,,,,,, .... , 

lor, we have il1('re::l"<'d the tllning 
r:Ulge while rNitll'inp; the number of 
wiping {'ontndH from lWO to 011(' h 
u~ing a fi\('d IlNwork to MIPPrcs.'i the 
unwanted r('sOUIlI1{'(' ill the UllU~("d 

portion of the tuning ind uctor. 
Other im portallt (in'uit ('hallges en­

!lure ('ompulibility with til{' J;!fil po\\'er 
supply, making po!<~ihll' both :;fjuarc­
wave and pulse modulation (Figure 

Fl ..... 2 10 , , .. 1 .. ,horoet, rlul u 0' Ih , 1362 OulHDtor. 
OH ll lo lI,oml Ihowlllil mod .. lotlll, ond modulot. d 111I1Ial, 

a" 01 ' " qu , lI.y . .... m .. of !h ' 1362. 900 MH, 2 1' 1/ dlu 
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a). A front-panel output control is 
rovidcd, and the rf oUlput conn('cior 

rnn bl' installl'd either on the fmllt or 
nt the rl'ar of thl' instrument; thc u!;er 
cnn change t he 1000:.It;on in a few mo­
me-Ills without :lily "pet'illl tool ". Thr 
G H87 1· output COIllJ('('ior ran 1)(' e[l",;ly 
(~onverted hy IllC[lns of (; H871 ad:lptors 
to llily popular eonxial COllllr\'lor !;Crie!J 
( UN(', c, N, T:>Ie, O!JM / IJlHI, ;\ [irrooot, 
etc). 

220 to 920 MHz. in One Band 

Thr 11G2 O:;('illaior, with an ('U(pllt 
power typ;eully in l'X('('S."! of 2:10 m W 
from 2~O to !l10 ;\ 111 1. ( Figure Ih), 
super!\('(lcs two widrly u.~('d O!<cillatorr:, 
the 1200-CL and the THt: 120H-C. 
TIll' frefluelwy mngr of the nl'w o~wtl· 
lator indudes the entin' uhf lain' raft 
comll1unicat iOllS IlIImJ (1:!O -tOU ;\111 z) 

Ilnd the uhf T V h:lIld ( 170 800 ;\1111.), 
with margin to lipan' :lt the lop ('IU/''' 
TIll' tuner is a nOIl('ontal'ting hutt{·rfly 
simillif to that u~d ill the c!lrl ier Ot-I'i l­
lutoN!.,I,2 

The oscillator tuhe is th£' ncw plunar 
triode- Type Y-12GG dev('lf) p('(1 hy G£'I1-
era l EIC'{'lrie Company in tio!:C collaho­
ration with Genenl.l Ibdio ( Figu re :1). 
Thi s t iny ceram ic tube has both the 
low inlereiectrooe eapncitanlX's rt'­
quirt'd for widc tuning rJ.llgc and lht, 
stahlr enthooe of high cllli! ... "ioll {'alla­
bili ty required for high powcr outpu t. 
T he (·lI.thodc OPCrtl.l(oli at a moderate 
t.cm rK'ralure, ('nsmill!; long. trouhl('­
free lif('. This LuiX' 11:110 dcmOlls lr:lt('d its 
cxcellenee in hundreds of recent pro­
duction 1209 osciliutoOi and in the 
high-I)Nformllnce Tno~~ i02G S lan­
durd-Sigll31 Generutor.1 

T he output sySl(om is a wuvl'gu idC'­
below-cutoff p is ton, culibratf'd over a. 
range of 80 d B and adjustable from the 

... un ...... ul)' 1968 

FIg" ... 3. 1 .. , .. 1 • • ~I.w .f Ih. 13610 .. 111 . , • • 
. h .... i .. g .. .... OE V_ 1166 p l . .... trl . .... 

frollt P!JnC'\. As in the 1:36 1 O~' il1at()r,~ 

it i" kl')"£'d :lgaillst rutation lind ('1111 

readily hI' rt'lid t() Il pre\'iou"ly dl' tf'r­
JIlini'd p(\"itirm l{e lf)Clll ion of til(' ()ut.­
put ('ouplilll!; I!lop I't' lati\'C' to til(' hutt('r­
fly :\JId the uS(' (If apl'riodic damping II) 

MIpp rf'!iS an iUlt'Nligitnl rotor rc .... }IlIlII{'e 
!'(' ,.; ul t ill mill;mtlln harmonic t'llIIt('nt 
and :t \'NY ~mlOf)th outPIlt-\'N"'lI't-frl'­
qU{' IH'Y ('harnrlC'risli{' at a lly S('tting o f 
t he output nLlt'nua lor, 

1,('\'('1('(1 III){'mtion O\'N the ('Illirr os­
rill:ltor flllli,,~ ra n)(' with a single :o;('L­
ling of tht' (lu t put atwlHllltnr {'nn he 
llehi('\'C'd hy m(>lIl1l'1 of thf' 126:J-C Am­
plilude H eJ!lIlal ill~ Ilowf'r Supply. This 
{'om\)ination dt,Jj\'f'rs :!O Ill\\' into :.0 
OhU1" (+I:i dBm), f' it lU'r lX'ak. with 
I-k ll z I«luarf'-W!I\'(> moduilitioll, or C\\'. 
TIU' lew'l m il 1)(' I"('duef'tI :15 mu ch as 
20 dB if tlC'~ir{·tI l.(' vC'I(>d perfornlJulI'e 
ill JollwWIl in Fi)(lIn' I Alte rnati ve-I)"lI c\\' 
cin·uitry Iwrmits dircct. connec tion to 

, ,,,.,,. 
I~: ".,pI" •. ·n ... lI"tI~.fty Ci,..,.,i •. " a.~1 H,,~ .. 
"'I""""_~", 0,.«>1 .... 11tH 
'G. /' M"e.'url •. ·• \ N~w .'oOO--;\III~ lluond •• d_",.n.l 
U ..... ~ .... If>,:· f;<~1 Hq" .. f: ... P'"_""'. loot."'" II/f.7 
'0. I' ;\1rC'",,~h,".\ No., UH r S,l ... IIiou""' ... (1 ...... 1>1 
11.,,1'0 nr!"" .. ~"j; •. ", •• ,It 1~1)1. 
• r h~ ' .... '''u 1~'1,,", 120 :\1110 I •• o~r ..... 1 I,)· hOlh ,he 
T.~" 121~ o..,ill.(o, (Ml·2.'\O Mit ........ ""n\aCUh,l '''hr') 
... d lh~ "" ... 1;111.1. Thr .... ion oho,,~ 920 II H. ,. toH_1 "I .he IJ(l i U:.o-IO.loO MllaJ .Dd the 1216 tlilOO-2000 
to IhJ. 

2 1 
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the[;jExperimenler 

.-.. ~:.. , t OUT~"T 

U" 
fl ... ,. 4 . ..., ... 11 .... . 
• h.wl.... 1 .... I. d ,. ... -
I •• manu .1 .. 1362 
0 .. 1IIa'.. p.w .... d ,"y 
• I2U.C AmpUll ..... 

1t .... I .. ,I ... ".w .. 
Supply. -

thc 1261-11 ~rodulating Power SUPI>ly. 
rn:\king r)f)~...;ihl(' hoth squun"-wave lLnd 
pul:oo(' lIIodulntil)ll (I'igurc :.!h). Fu ll 
pow('r output. i'l dcliV{'rro during the 
"Oil" pt'rind Ilnd the {J.sI'illator is (,Onl­
pieu>ly cul ofT during the "ofT" period. 

Improved Sta bility from New Power 
Supplies 

The Ill'\\' I)OWN stlppl ics ofT('r a maj()r 
illlprov(,lllcllt in fI"CiIU{'IlCY and ampli­
tude stnllility U:i well n~ incr('ftsrd Luhe 
lire, obt.nilll'd hy doR{' rt'gulation of 
hCllwr as well lIS pial<' supply voltage. 
The advllntagt's u.fTord('d hy rCKulatioli 
of hoth 8upplic~ ha\'c I)('('n c1(,llrly e~t.a.b­
lislwd by Hmn(' y('['r~' expcri(,IH'e with 
the \:.!H7-A Po\\'('r Supply. W('II regu­
lated de heat('r stJpplirs ha\'c now hf'Cn 
incorporuu'd in the I:,m:!-c Ampijludc 
Iu-gulating l'oWl'r Rupply llnd in the 
121H-B ~1(1<.1ulatillg I'o\\,(' r Supply. 

Recent n::design of the 1267 to t\. 

"B " model permitted us to mainwin 
the cxc{'lient sl><'Cif'icalions of its pre<lo­
cessor whil(' simplifying the regulators 
and introducing a dunl primary power 
transformer so that a single model now 

I:L Ii .. +t-j>-l+l­

flJHt+! ,t 

_. 
operaws on either 11.;" or 230-V lines. 
In nil t hree power supplies, t he heate r 
rt'gulatol'li nre Sf't. to d('liver 6.5 volls, 
11l('relly a llowing 0.2 volt fo r the <.Irop 
Ilmt occurs in the heater rf filters in t he 
os('ill3.t.o~. 

An import.llnt feature of the T"N~ 
12(-)I--B .\I odulnting I'ower Supply i.s the 
internal \-klh square-wave gf'llcrator. 
A stun pie of til(' I-k il l. sigllt\l has been 
brought out to the modulation \.(>rm i­
no.!s for usc ill !:iYlwhronizi ng oscillu­
!Wop:> swC('ps; ('olH'cr.;{'ly, a synchroniz­
inl( signzll from llll e:o.:lern!!.1 oscilltltor 
may he injecttXi here. 

In til(' IntC!lt model of the 126·' , it is 
much ellsi(' r to set til(' I-k ll z frequency 
to the e:o.:tlct. cenu>r of the lIarrow pass­
band of a highly selective detector 
ampli fi(' r, llnd there is !\II order-of­
mngnilutlc irnprovelll('nt. in the st:J.bil­
ity of the frellul' lICY o llce it. is set. 

Tbe impro\'ed sett.n..bility of the 
I-kllz fre<\uc ncy bas been achicve<l by 
means {I f a dual potentiometer with 
controlled backlash, operated from a. 
Hingle knob. The proced ure is to tunc 
with sHg bt. overshoot, then, !l.S tbe con-

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



• 

+ 

• • 

+ 
+ 

t 
+ 
+ 
t 

+ 
+ 

+ 
+ 

+ 

.. hlne-.Jul)/1988 

:--+. -'-IUlllJllIILL-1 
'0· 
m IIII1H--1 

Fill"' . S. Sioblutv .. f 
D 1111.8 Ouillol ... -
126.... ,....... S"pply 
C ..... bln .. li .... \lIed I .. a 

L; L-, .. .-...L_ .. ..---'_ .., ~,t(I 110----'- Ilott. d _II ........ ,dlng 
''I'" l . ... . T,III£ - .[tONal 

trol is barked up, only the wrnier po­
wntioll\('ter ("om€'1; into piny OW'r:-t1l arc 
of 40 degrees. This si ngle control i>l far 
('llsicr to U~ than i . ., til(' ("ollV('lltionul 
dual ('flllccnlri{' knoh toarst'fine combi­
natioll. 

Thl' sl!l.hility agaillst line vollll.p;r of 
:l 12lil-B u~d to power n 121S-B Oseil· 
lator in an ('xpand('ci-sru\{' SW1H1lt'II~lIr­
ing system' is shown in Figure 1). 

The 1264.-B is al:;o ideal for U!;C with 

, . 
•• • 

-.. 

-
other Grllerai Hadia high-{rNIUl'llry 
m;cillators as a Murre for cOllvcul inllal 
sloltRd-l il1 (' 1lH':tlolurt-'lIl('nl>l l!SlIlg the 
n('w high-,;tability 12:31 St;.ulding-\\'u\·c 
:\Icter.· 

- C. P. ~IcCOI'\'1I 

\ brief biugral)hy.,f \Ir. \Ic(',)lll'h IIppefll'{'(l in 
the il.lllrdl I!lS, i,..~uc (If llw 1';~I)erinwuler. 

'.\ ~:, )!," I ........ ".\ 1'1"1~1 Li"" il.H<>rd~. ~Hl""'," 
G.ural HNI .. t;,. ............. J.Qu&ry 111115 . 
• M. """ ....... "A IhlCII.-Il...tlluon ~\\-R M~~r", 
G • ......, H..J .. ~ .. pori_"'''. l·eb", • .,. 1\168.. 

• 

Typ. 1362 UHF 0 .. 111.1 ..... i'lI. 
Typ. 1267_11 . .... I.'. d r.w .. 

Supply. 

C .... pl.' •• pOlirico'; . ... , • • Ih. 1 ... It ........ ," d"uib. d I .. '11. 11 •• lId . . .. ,I" . .. I .. G . ..... I 

.odio C"',,I.g T 

c",""" "''"'''1 1362.970 1 
1363·9701 
1263·9703 
126-(·9702 
126-(·9703 
1267-9702 

DtuTipl.Wn 

1162 UHF O.cill., •• 
1363 VHF O .. III.t •• 
1263- C "''''plit .. d •• R.g .. lating , ...... S .. pply 
1264_1 M.d .. laling Po ..... Supply IllS VI 
1264_1 M.d .. lating Po ..... S .. pply (230 V) 
1267_11 h, .. I.I. d I' ...... S .. ppl, 

Priu in {'S.t 

$39S.00 
395.00 
550.00 
41.5 .00 
41.5.00 
19$.00 
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the[;j Experirnellter 

Oscillator-Power-Supply Combi notions 

('alolog J'riCl 
{/.<rilU1U)f POIIYr .... upply " OIl1lting \"!wz~r itt USA 

1363 1269_A· .... ' h 1363.'(1' H'O.OO 
aock 1363·950' 5U.00 

("_500 MHz) 1267_' .... ch 1363-UI7 590.00 
Rock 1363-'507 6U.00 

1264-' .... ch 1363.Ul ( '10.00 
Rock 1163·'SO( 136.00 

1162 1269_A" "",'h 1362.Ul' 490.00 
Rock 1362-950' 51S.00 

(2.20_920 MHz) 1267_8 "nch 1362·9417 590.00 
Rock 1362·9507 615.00 

1264_8 .... ch 1362-941 ( 110.00 
Rock 1362.9504 136.00 

1263.C .... h 1362.U13 945.00 
Rock 1362·9503 97 1.00 

, 

Typ. 1363 UHF 0 .. 1110'0. with Typ. 1236 I_f Ampljr. • • , pri"d pol .ompo"o"h af 0 
Typ' 1241 Htlo.ad~". D • •• cla • • 

NEW HETERODYNE DETECTOR 

GH'II Tnt; 12:lG 1-1<' AmplifiN,' 
TlJ'~; 87 I-:\ IIL\ I. ~ lixl'r,1 and the (lsl· il­
IlI tor,; illtrodtlt"l'd el.';('whcre in thill is.·HI(' 
COIl!ol\itl1lr tlw lI1ain t' lelllf'lll ll of:l. highly 
li('nsiti\'" hip;h-frequrlU'Y hetcmdynl' de­
It.'clor for relati\'e-l'ignil l-it'\'cl meUl'ure­
menls tlnJ for 11)1,(' 1Il\ IlllUIi detertor W(, 
IIOW olll'r the r ntin' plwkage, inriud illp:. 
in addiliou t.o till' /lbo\'(-, a 10-d l1 pad ,o. 
000 ('ll, and an /lpprop riut.c low-pass 
filt./,'r. The as.~mhly is Ilvu,ilahle as the 
]'\'I't: 1211 Ilet.('rooy ne Detector. 

Application!! for the hcterodyne de­
tector ari! a lmolit. limit.II'~. 1 t. can be 
lHl'd t.o mcafiur(' in~"rt.ion lo~, uUClllla­
lion, crotiSt.alk, ant.ennll gain, and rudiu­
lioll patl.('rn ~. It. is, of cou rse, n St'u:;itivc 
high-freque IH'Y ret'eil'cr. When ca li­
hrated at. one bigmli Icn1 and fre­
qm'!H'y, it tl111 be u~d:it. th:lt fn-qm'ncy 
as Il selecti vc voltmeter in a rIO-ohm 

' M "h .... m. .\ Ne .. ~~lIh .\ml'hA~r wi'" T ... e> 
/I .... h"oltl ...... Gc,.",..u H<J41O 1:' .. ,......_,.,..,.. July -.\\11""' 
1!HJ7. 
'Gc-.J N,.... 1. ... ,..... __ ,J .. Iy-_' ...... , 1~7 ...... HI. 
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!'Item. It i~ 1l0W the rccommrnded null 
.. eleCLor for the 1002-B l ' lI F Admit­
t.1 rwe ~Iet{"r, lht' loon Pn'('i"ion {' ifF 
Bridge, lind tilt' W07-A Trllll"f{'/"­
F um'lion lind I mmit.tnncc Bridge. 

A!'! un s\\ n indicator with a ~lotteJ 

line, it is (,t-prrially u:)(.'ful for m('II_~ur{'-

1l1t'llts 011 nonl inear l'iement~ t \dlC'11 a 
high dl~gr{"(' of harrHlHlic rcjl,ttiun and a 
.slllall applied ~ignal lenl nrc I'equil'l'u. 

Thc pnce tabll' indicnt('!~ the flmda­
tlH'lItal·frrqurlll"Y covcragl' of lh(' three 
ha.~il· a~SI'mhh('.s. J'h(,.-«! range.;; I'all be 
l'xtcndcd throll~h thc u . ..;(' of llsdlllltor 
harm{)ni('~, but with rcdu{'('d 'tC1I~iti\"lty 
and dYIl.unic mngl'. To ('over n wry 
wide frrquenry rallgl', ol1r nli~ht order 
Olll' COll1p)(·t(' drt('(' tor pili'; tlH' nccl's­
~.'Iry ().-.('Illator::; find filter" fllr the 
add itlUllal rIIngc,; de"il·l·d . 

D, Ioit,d .p .. !fIu.llolII on Ih, 1241 H, I,rod.,.ne D' I'clo, oppea, 'n G,nerol Radle Cololov T. 

,.. '''IIL.II/IeI1/at 
CalJllo(l ,\ umb.., /o"t/futfU'!I RIIIHr .\f II : .1/0/l'llwll 1'''·flnIS.1 

1241_9700 40-SJO "nch S1270.00 
1241.9701 40·.530 Rock 1'1".00 
1241.9702 190·9.50 hn,h t265 00 
12.1.9703 190.9.50 Rock 12".00 
IHI.970. 870·2030 hn,h 1565.00 
1241.970.5 870·2030 Rock 161 0.00 

IMPROVED 

NBS CALIBRATION ACCURACY FOR 
COAXIAL IMPEDANCE (1-8 GHz) 

Accuracics of illll)('((alltc measure­
mcnts in coaxial-Jiue sY!;WIllS have 
beell improved significuntly in r('ccnL 
years by t he nadio Standards Lahorn­
w ry (Bouldl' r, Colorado), of the :\ BS 
Institute for Basic St.and:lrds ( l '.S. 
D epurtmcnLof Commerce). and othrrs. 
Thi s improvement. camc prilllarily 
from the dcvelopment. of pre('i,jclIl 
cOllxial-line slUndurds and prCt'lslCIll 
eOllxial COll llectors, such !IS the 
G It!)()()"!) tiCries. A ccording to:\11 :\ ns 
rei case, "I hrl>C de\,(' lopJncnts hllve in 
turn cOlltribut.cd toward improduv; 
mCilSurcmCllt CIlI)ahilitics of co:"I':11I1 
slotted-line systems lo the extent. thllt 
very accurate mcasurelll('nts are now 
pol>Sible. Errors originally introduccd 
by Slruclural dcfcCl:i of slot.ted lines 

h.n·c l){'i'll minnni1.('(1 Ly t he uS!.' of 
PIX'i'it-ioll muLir , co:txhd :-.iull{'d [jura. 
Ht'filltlll{'llls in m(';1".Ufl·mCIlt. \(·('11-

niqtw hllw Iwlpl'd, in P:\rl, to rethlcc 

&Jrll(' ~y:-.ll'm:ltit' errors. 
" Thc,..· improv('lIIcntl'l, along \1 ith 

ulli(>r gonLi pral'ticl's, Ilillk(> tllp IIll'U:; ­

ur(>nwnt pot-sihlr of VSWR ( , '(,Ilagc 
Slwuiillg Wavc H:ltio ) up to 8 {:lIz 
\1 ith nn II1H'Nt~iil1t.Y ill thl' rail,!!;!' of 
0. 1 til I l)('rcl'nt. Thc phllSl' !If lhe 
rt'ilrctillll-('oclFi('il'nt nmgnitude Cllll 

be Hleasllrl·t! "ith an IITlCNt:l lllly 
ranglllg from 0 .1 dl'grt'c 10 approxi­
IlItltl'ly I d('~rrt'. Thc~ ulIl'crtainlil's 
apply for {'o:lXilil irnpcd:tllr(~ ,;tand:\rds 
equippt'd with the 11- IIUIl Ilrt'CI­

sion C()~I:\ i!.Il connector, \\ hrr<: 
S" \'8\\,1{ S" 2, !"('rcrred to;'O 011 Ill!'!." 
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th • Expe rimente l' 

L. f1 I • • I,hl. 9OO.L3 A ir Un •• 
9OQ·LZl lI . f ... "c. Ai. lI" •• 
9OO.G6 ... . d.I." A"."".I •• , 

NEW GR900 ' ATTENUATOR, AIR LINES 
Thr u~fulllr":-l of lilly COIlIle<-tor !yp:­

drprnds to a Inrg{' cxtcnt Otl thc num­
hcr of difTt'n'nt t hiug:-l It ('Ull t'ollll('l'1 10. 
t'i( Iwr chr('(,tly or through adaptors, III 
thi" rcspt'cl, I he (: W.IOO ~ prcl'itliOIl 
{'ooxiai ('OIUII'('lor IIlf'a,'IUres up "Ny 
wrll. <:(,lIeml Ibdio alOI1(' ('atalow; o\'('r 
fifty G I WOO {'Ollll)()lI('nts, filld the h:\. ... i(' 
(: IWOO ('Otlllc("tor is u~ on many 
d('\"I('c,; made lUl(l sold hy otht'r mallll­
fJt('lurNs. A filII llilc of G IU)()() adapt (lri! 

pro\"idt'" :U'('f'S:; lo all other popu la r 
rOlli\:ial t·OIlI\t'ctOrs. 

Thr hltt'st additiOlls to the fa.<;l­
growing (:JU)()() lille arc :L pl'('('ision­
fix('tl atwnuator nnd two 3~m air-linc 
SC('tions, 

Allenuatar 

The Ilr('Ur[1ey of many mirrowa\'c 
measurement!! «(',K., imp<'<ian('e, IIt­
\(,lIIlIllion, pha.'iC, and power me:l.';urc­
m('nts) dt'lwnds 011 the imprdanO<' 
mllll'h of the gCllerator und detector. 
At.teuuat.on; alld pad!! lire commonly 
UJ>M for mat(,hing l}urpo!iCS, bu\. the 
s\\ It of thc:;c devices is usually high 

26 

enough to limit tilt' Ilrcurac-y improve­
IlWllt ohtniuahlc. I n 1)I'l.'c.~ion appli('l\­
tion~, tilt' olily rf'('ou~ has 1)('('11 t he 
usc of mall'hiny; tUIlCI'8 and slow, 
point-hy-poi'l! measurrmrllt~, 'l ' llt' nrw 
(:W)()() alll.'lIuator, wit h un S\\ It of lc,-I.i 
than 1.00:; + 0.00:1 f(HU ' f'iimin:lt('.i 
t he TIC('(! for tUllt'1'M in 1ll0tlt. nppli('alions 
and makes po,,~ible accuratc l'iwcpt­
frrqtlcllt·y 1Il('Ul;urcmcnl:;, 

Attenuation of t hl.' !)OO-Cfi is within 
0.2 dB of ib nominal G-dB valu(' to :1 
G Itz and within 0.:1 dB of nomill:\l to 
8 .. i G I Lz, ~ill('(' it is Ctluippl-d with 
(; Ilnoo ('onnect.ors. it. can be al'('u rately 
calibrated for usc as a !;('('omiary 
standard of attclluation, 

Air Lines 

Thc [l()()..i..3 Air Line and the 000-I.,Z3 
I{defence Air Linc have been added to 
t he existing serie. .. of air lines primarily 
to cxtcnd the usefulness of t he series in 
pl'('('isc capa('itancc f:n.l ihmtions. Both 
units a rc 2-pF t.wo-port. clenl(' lI ts. 

The chi('f d isti nction between the!JOO­
L a ir lines and the OOO-LZ reference a ir 
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es is one of precision. The reference 
.- lines contui n no dielectric material 

to support the inner conductor, which 
must therefore be supported from Ill(' 

connectors to whi{'h the line is joined . 
'!'his no-d ir lectric-supporL design af­
fords the ultimale in accuracy hut 
obviously requires more time Ilnd care 
in installation . The regular, !)()()..L air 
lines include dieleclrit supports, which 
mak(' them (,11..'liN to uS(' but whi('h al so 
intnxluce ulleerlainties. (Simple, abso­
lute calibration of capacitance purely 

J une-.July 1968 

Oil the basis of dimensiOIl is 1I0t pos­
sible, for instance.) 

Thc chamderistics of the Lwo types 
of air lines C:.lll be used to complement 
Olle t\ lIother. Wh('r(' two reference ai r 
lincs a rc to he used in series, some 
means of supporting t he inner con­
duetors must he inscrted between t he 
two linGS. The short !)(K)-L:l, wilh its 
own dic-lel'lrie-supportcd Hllll'r ('011 -
duetor, will .-;('rvc ideally as !l minimal­
ca pacitance ('ou pling between two refer­
ence ai r lines. 

SPECIFICA nONS FOR TYPE 900-G6 

,~ 
I I 

SPECIFlColTlOH 
~ , , 

~ TYPICN. , 
• 
~I.o 
> 

" -- r- -"'" " 
, 
, '_0 0 , , , • , • , • ., 

f REOUENCY · GI1. -, 

F'H!ue" .. .,. R"",.: 0 to 8.5 Glh. 
Alle "ualla,, : 6.00 ± 0.2 dB, 0 to 5 Gil l'.; 
± 0.3 dB,S to 8.5 GUll. 

Dc lIul"""c. : 50.0 1/ ± O.:l% when t.cnninnt.cd 
in 50.0 II. 

SWII : < 1.005 + 0.005 fOH• 

MCII , .. w .,: 1.0 W l'un linuoulI; penk, 500 W 
with t- W 1W);. 

o.a.acl • • I. n c Impeda"e.: 50.0 II. Te ... pe.alur. Coem cie" I, < 0.0001 JUre/dU. 
I" .. ,na,, · la .. I!epeol"b[lU.,. : ±0.00l dB to 
30 MUs, ±O.002 dB to 1 Wh, ±O.OO25 d B 
to 8.5 G Iz pcr connector. 

Oi .... " . I .. " $; :P, X i34 X [I, in. (95 X ,15 
X 27 111111 ). N., Wel,ht ; 11 O! (:110 K). 

O"ailed Speclflca lia" . a" ''' e 900·11 a"d -lZ3 AI, l i" " appea, i" G e".,a l Rad io Cala'o, T 

('aUJ/.og Nl4mbtr 

0900.9850 
0900.9608 
0900.9603 

l.hscriplion 

900-G6 Preci . i"" Fi .. d Alte"ua '", (6 d B) 
9OO.l3 Pre .. isio" Air U". 
9OO_lZ3 R,h" e " c8 Air li"e 

I'ru-e in US,I 

$17.5.0 0 
63.00 
76.00 
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GENERAL R ADIO COMPANY 
WEST CONCORD, MA SS A CHUSETTS 0178 1 

SALES AND SERVICE 

... 
Albuquerque 

'Boston 
' Chicago 
Cleveland 
Bridgeport 

'Dalla s 
Dayton 

Denver 
DetrOit 

Houston 
Huntsville 
Indianapolis 

'los Angeles 
Montreal 
New Haven 

'New York 

Orlando 
Ottawa 
Philadelphia 

505255·0611 
617646·0550 

312992·0800 
216886·0150 
203377·0165 
214 ME7·2240 
513434·6979 
303447·9225 
313261·1750 
713622·7007 

205 883·2077 
317636·3907 
213469·6201 
514737·3673 
203377·0165 

(NY) 212 964·2722 
(NJ) 201943·3140 

305425·4671 
613233·4237 

215 64&.8030 
San Diego 714232·2727 
San FrancIsco 415948·8233 

Seattle 206 Gl4·7545 
Syracuse 315454·9323 

' Toronto 416247·2171 
'Washington/Baltimore 301946·1600 

'Repa" services ue ..... il.ble at these oltices. 

GENERAL RAOIO COMPANY (OVI!RSI!AS) 
C H 80:)" Z"rlch :) .. . S ... I I~.rl.nO 

GENERAL RAOIO G MBH 
08 M Unch.n 80. W •• , O . ..... n ... 

GENERAL RAOIO COMPANY ( U . K .) L.I M ITEO 
Bourn. II!nO 8uc .. lngh ..... " ' •• • I!nll'.nd 

RI!PRII!.I!NTATIVI!. IN PRINCIPAL 
OV.RSI!AS COUNTRII!. 
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