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Nove mbe ,. - D eeember 1966 

AUTOMATIC CAPACITOR-TESTING SYSTEMS 

The in~pectioo bottleneck was broken 
by GR's 1680-A Automa tic Capacitance 
Bridge Assembly, announced in 1964. 
Many users who formerly tested capaci
tors at a rate of ten a minute at best 
are now testing at rates better than 120 
a minute ! In this inue we describe some 
of the complex automotic testing systems 
designed around this bridge and two 
new accessories, the 1781 Digital limit 
Comparator and the 1770 Scanner System. 

The in crca:;:; ingly demanding require
ments for extre me reliability in elce
tronic equipment , both milit.'lry lind 
co mm('rcia l, ha ve heigh tened the need 
for inst ruments for the rapid and 
uccurate testing of the {'oml)OlIents that 
make up lhis equipment. Gpner:ti Hndio 
has for mally years mnnufactured instru
ments for component testing - im
pedan ce bridges, eapacit:lIlce nnd in
ducta nce bridges, impedance compara
tors, etc - most of which were designed 
for usc by sk illed operntors in 11 labora
tory. For on-line test ing of high-volume 
production lots, manually operated 
instruments arc no longer adequate; 
uutomation is a must. 

General Had io entered the field of 
automntie component. testing in 19G-I 

with the introciu (, tion of t ll(' 1 GSO-A 
Auto mntic Capacitance Bridge Assem
bly.1 This inst.rument measu res the 
ca pacitance and loss of a compone nt. in 
a half second or less at the push of a 
button (or at electri ca l co mmand) and 
presenLs the :U1S\\'er in both 1l digital 
display and an electrical output. The 
widespread acceptance of this dev ice 
has led to a demand for complete 
Illrfls urement systems built around the 
bridge and for additionnl accessory 
inst ruments, some to simpli fy the auto
matic conncction of eomponents to the 
bridge Ilnd others to make use of the 
prodigious amounts of datu that ('an 
now be obtained SO rapidly. [n addition 
to providing many necessary inst ru
ments, we arc now prepared to provide 
complete measurement systems. 

MEASUREMENT SYSTEM 
"System " is an often-used \\'ord 

whose meaning vnrics with context. At 
General Rad io we define a system as a 
collection of inst ruments of which 
some may be stllndnrd , so me modified, 
some specially designed , so me pur
chased assembled to soh'e n specific 
measuremen t problem. 
'H. G. Fulb. "Th~ Autom"l i~ Capa(:it.ance nritlK~:' 
O.Mnal Hndio E,ptr'_nl • • , April 1965. 
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~ 

ENVIRONMENT 

COMPOM:HT ; -1 MEASUREMENT U,,"OER ."" PROCESSING """" TEST 

I 
OTHER OATA 

.",... 

Fl . .... I. Block oI lo,rom of 0 c."'pon. nt _lu l1ng .y., ..... 

In thi~ definition we «'rognize that 
u system i,.; mor(' lhnn 11 group of our 
sta ndard rtl.lalog in~trum('nl" and a few 
patch "/lrd .. , TIll' grouping must be 
(,flrdully thought Ollt, both from an 
e\c('tri('al and (I Ill('chflnical standpoint. 
Illterfac(' problcms mu,..t IX' idcntified 
nnd soh'ed. Nl me in"truments may ha\'c 
to be adaptl'd to til(' «'f/uirenwllt.;; of 
tile syslrlH. Oth('r.~ may hn\'(' to Iw 
purchasl'd or de"ign('d. Special ('ables, 
rark~, nllt! ronsolr .. may b(' n('cr~,'\ry, 

along with sl}{'cinl f)prmting nnd mnin
trn:UlI'r in~tru{'ti()n~, In ~hort, th(' 
is.y~l(' 1ll mu:-t IX' thoroughly f'llginC'<'red; 
til(' wholf' mll~t 1")(' greater than the 
sum of the part", 

Sinrr mn~t of thc~e s.Y~t('m-dr:<ign 

problem" nr(' beyond the inrlinntioll of 
mnny of our rustOlllrt'S. we \'oluIlU'('r to 
do Ihc joh for thcm hy offering ru,.,tom
cllginrcrrd mCfllsurrmcnt systrms. Bc
fof'(' wt' look ut ;.;o m(' rsamples of these 
systems, let's di~('u!<" n component
testing ~'yljtcm in general. 

GENERAL BLOCK DIAGRAM 

Figure I ~how~ n block diagram of 
an ideali1.C'd eompolwnt·tcsting system. 
The compOlWllt or t'ompollcnts arc 
couditioncd by the dc~irrd l'111'irOllmI'TU 

equipml'nl, which nmy take till' form of 
fI. tempcrature chamhcr, a vibratioll 
table, voltage-soaking equipmcnt, etc. 

Th{' lIesi. block includes romponent 
hand lers, I)QSltlOner~ , st'anIlC I"S, and 
other inplit deviccs. Thc hcart (or 
brains) of the system iii the IllfU8l1rc· 

/IImt equipmcnt in this d i.\'ru:<::;ion 
th(' 1680-.\ Capacitance Bridge. Proc· 
f 8ing ('quipment op<'r:l.les on the 
information reccived from the mell-sure
lI\ent equipmcnt to put it in It morc 
lIf;dul form . ExamplcR of procc:s>ing 
I'quipll\ent arc digitn l·to-annlog con
\'crteJ1l, digital limit comparntors, und 
pnrallel·to-RCrial conve rters. (JU/7mt 
l'quipment il lt'ludes una log recorders, 
digital printrrs, and tape and {'n rd 
punches. The remaining block, olh('T 
data, iucludcs scna l·numbcr gcncrators, 
time·rode gt'neralors, digitnl thermom
etc",. and othe r de\'iccs that generate 
supplrmclltary information. Such ill
formntioll is usually fed into the pro
ec!S.-;ing rquip ment a long with the mcas· 
urelllcllt data. 

FilLING IN THE BLOCKS 

M easurement 

The mensu remcut instrumcnt {'('ntral 
to the system" di:;eusscd in this article 
is the \GSO·. \ Automatic Capacitance 
Bridge Assembly.! When n capacitor is 
ronnectcd to thc bridgc, the instrument 
automatically selects the proper range, 
nchieves h:i1ancc, and prescnts the 

, lI"d. 
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mellsured capacit."lllCC and either dis
sipation factor or conduct..'lll('(' Oil an 
in-line digital r1'ndoul , ('ompletl' with 
decimal points and un its .. \11 this in
formation is also presclltpd in binltry
coded decimal form (1-2-1-2 lien) for 
usc by printers or otiwr data-h!lndling 
equipment. The ent ire bal:IIII'r opera
tion consumes a half S('cond or It, ... .;. 

Three swit('h-S('leetro gPIlf'rlltor frc
qllPlicies are available: I~O, 100, all(1 
1000 li z. Capacit."llH'e rlUlg(' is 100 pi'" 
(full-scalr) to 100 ~F Ilt I()() :lIId I(H)() 
11 1. (r<'~luti oll is 0.01 pF) tlnd I ~F 
(fu ll-S('alt,) to 1000 ~F with a J:?O-lIz 
sigllili. iJi""ipatioll-f:H'tor range IS 

0.0001 to 1.0, alld til(' bridg(' will m(,:ls
li re p.'lrallel conduct!lllcC from 0.1 
IInllomhoto I mhoat IOOnnd 1000 l iz, 
from I micromho to 1.0 mho at J ~O 111.. 

Il:l"ic arrtlrscy of cap.'lcil:ul('e mea.'I
urt'mrnt is ±O.! % of f1'uding ±O.OI (;, 
of full sta le. Aecuracy of freqll('ll('i('s 
supplird by the oseitlutor j" ± 1 (:0' 

The bridgp features ~r"entl operating 
mod('!; to nccommodate a wide rang<' of 

November_ December 1966 

pos,;ihlc applic:llioIlR. I n the TII,\CK 

('O'T mooe, for elCnmpie, it continuously 
follows variations in Il capat"itor under 
t('.~t, permitting automatic record ing 
of thc effects of tcmperature or ot her 
environ men tnl ('onditions. In the TIIA<':K 

!'\ 'I,'J,EI) mode, the hridge follows vnria
tions but yil'ldK datu only on command. 

J n addit ion to measuring capacitors, 
this in"trumrut can he u~ to measure 
any parametrr thnt ('nn be expressed in 
trrllls of an l'Cjuh'nlent p:1rallel capac
itance and couduetflUt'(!. Thus para
metcrs of di('le("{ric materials, cubics. 
thin-film ('ircuits, inductors (ncgative 
capacitors), nnd r<':s istors can bc 
mcasured. 

Output 

There are many other ways of using 
the Illetlstlrrmrntl"(',.;ul{,.; I)('~kles looking 
ut thclll or writing them down. Figure 2 
l'hows thr hridg(' f('('ding data to the 
11ai-.\ Duta Printrr. Thi.:s is the sim
plest means of obtain ing tl permanent 
printed record or the mcasurements. 

fleu .. 2. Auto ... otie eapadtone_ 
.... Idg. and data p.in' .... 
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Thc 1.",10-:\ Digital-to-(;raphic Ill'-
cording A!<.<;('mhly, .. hown with the 
bridl!;c ill Figun' :1, i~ ("OIH"l'nirllt for 
ploUing ChLlIlj!;P;; in th(' valtlP of a givrll 
componcnt. 'I'll(' dij!;it:d-dala oU'l)ut of 
thp bridgp, uft('r (·orl\'f'r· .. ion 10 un :lIIalf)~ 
currcnt (or \"olt:1l-'(<' I hy u hiJ!:h- .. J)f·NI 
digital-to-analog C'OIl\'('rtl'r, i", plonl'd hy 
n graphic I"('eortil'r By "1'1(,(,tion of til(' 
proprr digit,; for (,olln'~ion, n prct'i .. r 
zero SUppf{' ... ~i()1l C':llIIM' ohtnin{'(i,.o() that 
very !<mall chanj!;r~ in th(' \'ulul' of n. 
compolIl'llt 1'311 1)(' I':L .. il~· plottNI. Thi~ 
comhination i;; u~d {'xt('n .. iv('ly in 
environmental t(';;ts Oil {'apn.citoN, n~, 

for example, in lht' m("'tl;;url'nU'rll .. of 
tempera tu re cocfli('il'T1t~. 

One of the mo!-;t populnr m('3ns of 
storing data. for further sl::l.li:.tiC'tli 
nnnly:;is is the pune'hl'd e:lfd. Through n 

flgu, . 3. " .. Iomoll •• opo_ 
.IIon • • btld • • ond d ig llal _ 
lo _g,ophl. , . ca,dlng 01 -

..... bl., . 

pa.rnll('l-to-~ri:ll I'OIl\'('rtrr the hridgc 
(':UI be cQnnp('t('d to n. card pUIl('h fo r 
this purpo~('. 

Otlwr form~ of data recording fOf 

futurl' proc·(' .. ~ing hy a ('omputl'r include 
punf"ill.>(j t:1.lX' uud m3glletic tApe. 111-
Cluiril's Ill"(' in\'it('d for system" including 
eCluipment fOf t:q)(' fr{'ordinv;. 

.\nothrf da",\ of output I'quiPlllent. 
Olll'mtrs Oil t ilt' ('OlllpOllcnt itsrtf rat hrf 
thun 011 till' 1llC':I'"'urelllrnt dutn. This 
("'f1uipmpnt C:1.n IX' {'omhin('{i with the 
input {'quipllll'nt to sort the compo
n("'nti'l into tOIt'fUIlI'(' bins, fo r ('xnmple. 
While (:rnrra l Uadio provides the 
proprr pro('c!<sing equipment. (sec bc

low ), we do not supply the mecha nicn l 
h:lIldling equipmcnt, wh ich is r<'nci ily 
obtainable' from sc\'ernl mnnufacturers. 
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Processing 
r- Proecssing equipment takes severnl 

forms. The 1136·'\ Digital-to-.Annlog 
Converter mentioned above is aile 
example. Another, described more fully 
in the following a rticle, is the 1781 
Digital Limit Comparator, which com
pares the bridge read ing with preset 
limits to determine whether a com
ponent is in or out of tolerancc. Other 
processing (interface) instruments con
vert output signals from one instrument 
into the form required at the input of 
another instrument. For exnmpl£', the 
para llel-la-serial converler mentioned 
above convcrts the parallel (all·at-onee) 
data from the bridge into the serial 
(one·at-a-time) data required by lL 

ca rd punch. Olher interface instruments 
change the voltage and impeda nce 
leyels or the logical coding of signals 
from one form to another. 

Input 

Inpu t equip ment is used to perform 
the actual connection of the term inals 
of the tomponent to the terminals of 
the bridge. Such equipment can range 
all the wa.y from the IGSO-PI Test 
Fixture, in which components are man
ually inserted, to the more sophisti
cated rcel·typc handlers and vibratory
hopper fced£'rs. 

These devices connect components to 
the bridge olle at a time. Some applica
tions require that components be con
nected in a prescribed automntic sc
quence a nd then recycled, or scan ned, 
in the S.'lmc or a d iffcrent sequencc. 
For these applications the I no Scan
ner System described on p.'lge 13 is ideal. 

Other Oclo 
Information in addition to the mens

ured vulue is often required, especially 

No .... mb.r- O.c.mb.r 1966 

I 

F III~f. 4 . A" .. ~I .. m"llc copadlo,.lul ~y~ l .m 
p,od~ced b y G . .... al Radla. 

whcn automatic output equipment is 
used. Identifying data, 8uch ns serial 
number, or data on ronditions of mcns
urement, such as temperature, time of 
day, or el:lpsed time, can be obtained 
from additional instruments connected 
into tbe proccs.,dng equipment (through 
intcrfaee equipment if necessary) along 
with the primnry measurement data. 

TYPICAL SYSTEMS 

Figure -I is Ii photograph of an auto-. 
malic capacitor-testing system pro· 
duced by General Radio fo r a large 
aerospace manufncturer. It is used for 
incoming inspection and quaJ ity·coll
trol testing of a broad va riety of ca
pacitors. The following componcnts arc 
included: 
I ) Component cnrric r a nd automa tic 
indexer, 
2) Bias.\'oitage power supply, 
3) 1680-1\ Automatic Cnp&citance 
Bridge Assembly, 
4} 1781 Digital Limit Comparator, 
5) Serial-number generator, 
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f lgur. S. Aut.medlc copeclt •• _, .. , Iyll .... produud 
by GO"o,., R.dlo for CO.lllnll Gloll Worh. 

6) Two 11 :H·A Da til Printers, 
7) fntcrfacc p::me!s, 
8) Console. 

Thl' ctlptH'ilOfS to be testcd al1.' 
lond('d into tht' ,-,a-componcnt. rtlrricr 
stick, which is thCIi ill~rt('d in the uu
tomatic indexer. The power supply ap
plies bia~ voltagc to each ('n ptlcitor, 
nnd the ('sp:lcitsncc i!! measured hy tbe 
automatic bridg(', which indicate!'; till' 
value and ~lUppli(' s the IlWIlSlIr('mcnt 
d!\ta to the 1781 comparator. TIH' rom
pnrntor dctC'rmincs whether each ('n
pacitor i ~ in or out of tolerance and 
feeds its data, along with a Hm:c-digit 
lI umher from the &,ria l-lI umbc r g('ll('ra
tor, to the two printcrs. QIl{' printer 
prints thl' seria l number and rapaci
tnnee of ('n('h rapncitor, the othrr the 
serial n\lm~r and dissi pation factor, 
The print-out is hlack for a good ca
pacitor and red for :l bad 011(', und 11. 
include:'! a digit to indicnte the reason 
for the llcecptanc(' or r('jection of the 

capacitor 00, 111(111 C, I,OW C, or 
IIiGIl D. 

Three modes of operation nrc pro
vided. The :\I .o\"l"I.L mode allows the 
capacitors to be tested Olle Ill, n time 
by mea ns of n push button on thr in
dexer, Thc \ t'TO;\IA1'I(' mode allows !I ll 
;"10 ca pacitors to be tested, I n the !rrO!'
:'0.'0-00 mode, tht' rnpacitors a rc lc~tcd 

tl.nd stcppt'd along automatically until 
lin ollt-of-tol{'mnce va lue oe{'urs, A t 
thi~ point the syste m stops, nnd it 
stays stopped until il. is ma nua lly re
sta rted, 

Figure ,j shows n !lystC'm suppl ied to 
EIC'rtroll ie Prod uct>! Division, Corning 
Glass Works. This syste m includes a 
st i{'k ind{'x('r and Ii card punch, To 
sntil<fy thc rcquiremcnts of the system, 
II lG-{'harnrtC'r dnln printer and Zl spe
cia lly designed {'Iud -punch couple r were 
used. 

This sy.gtcm is uS('d by quality-con
trol personnel to moni to r the produc-

• 
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lion of glass-dielect ric capacitors. The 
capacitors are loaded in to sticks and 
measured by the system. A tape p ri nter 
and a ca rd punc' h simulta neously reco rd 
serial number, ca pac itance, and dissi
pation factor. 

OTHER APPliCA liONS 

These auto matic systems Clln be used 
in the dcsign of ('omponents for the 
evaluation of experi menta l ullits or for 
the testing and sorting of 1he output of 
u production lint' . TIll'Y can alS() be 
em ployed to test purc'hascd compo
nents in in{'oming-inspection or quality
ussurance progrn ms. 

Cap!lcitor tcstillg ili on ly one of the 
bridge's many applictltions. A tomi e 
Energy of ('anada, Limited , uses a sys
tem including n 1680-A bridge, 11:30-A 
D/ A COJwerler, and 1:121-B recorder 
to plot the etfects of immersion in an 
clcctrolyte on t h(' imprti:mcr of thin
fil m componen ts. Another hHge labora
tory uses similar 8yst.c ms in the design 
of inductors fo r telephone applicatioll s. 

CONOITIONIf<G HANOll Nli 011'1[11 O_ IA 

lRANSOUGER 

I "", I SUPPLY I :\~,\; ~ 
".1 E 

[EI<IVIRO N"'EN TAj Il'17~t~ 16$0-'" r 
CHA"'BER SCA NN t 

..uIQlolAl " 
IIII '(X;E 

I COfoII'OtI(NI SElI!Al~r 
I«Vl tII..{II MJMO(H 

GENEIIA10fl 

ClOC . _}-

lH(II"'O,M(T£R 

c::I CIoN et Su"'llt P ,T G(Nt ~AI. ~ADlO 

No .... mber- Decemb. r 1966 

At General Radio we usc n \GSO-A 
bridge system to check the turns ratio 
of thc toroidal transformers uscd in the 
bridge itself! 

ECONOMY 

Although the cost-savinI!: advantages 
of automation seem obvious, the results 
of thc im,tllllation of thesc automati c 
systems are sometimes starlling. CoaL 
analyses indicnte a saving of up to 
80% or more on the per-unit cost of 
component inspct.: tioll , in spite of the 
higher cost of the automatic equipment 
wilh rcspct.:t to manually operated 
equipment . Customers have told us 
that a 1(}80~A bridge can pay for itself 
ill six weeks! 

SUMMARY 

Those who wish to automnte ca paci
tan ce-measuring ope rations can now 
obtain from General Rad io entire sys
tems, ctlstom-cngineercd for specific 
application s. This systems capabilit.y 
hi gra ph ically summarized in Figu re 6. 

RECOROING. 
t PIIOC£SSI Nli ~ _N tll..I Nli AN _ 'YSI5 

~-, IIECOI'I/)(R 

H "2'-8 , I (lfIAP."C 
RECQRDER 

rl Ull-A I 
Ill6-A DI:~ ~ .. 
CONV(~nJli PIIIN1(11 

!!I N SORn" 
ITel OIGITA~~ 
co",l~~lTOH 

CARO PUNOt 

""RAU.El-ro-~ 
stRi Al I-l UPt PUNCH CON~RT(II 

-1 ""'"'" I H npn"RIlEA 

Y •• ~~ f TAPt 
RtCOIIOtl! """ 

F!gure 6 . Clto,' .ho .... inll ;n'hume nll ond d ev ice> 'h'" c"n be u.ed In On oulorn",I . com
p"nen' _rn''''U.inll Iy,' em . Ge n .. "j Ro di o c"n lupply . ySl em . !ndud!nglho .. compone nll 

Ind;c",. d by ' iMed blocks. 
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" " U'. 1. Gil. 17' 1 Dllliiol lImU Comporolor .how" with oulomoll c brldll •. 

DIGITAL LIMIT COMPARATOR 
As mentioned in the prcviouli article, 

accessory instrument~ are rcquircd to 
exploit fully the ('up:lbiliticl-; of the 
1680·,1\ Automatic Capnritan('c Bridge 
Assembly . Figure I !':hOW8 a most 11.'«'· 

ful mcmbl:'r of thi~ a('r{':!SOry family, 
th{' 1781 Digital Limit Comparator. In 
this in!O;trument, mC/lsurem('nt data 
from the bridgr Un' eompnred with 
manually set limit.~, Hlld the r('"ults arc 
prescntcd 011 panel lamps and in relay· 
contact clol'lIrt'!O; at n rr:tr·pnnrl ('on· 
nector. Thus the ('omparntor ('1111 bc 
used not. ollly for testing and manual 
sorting of compoll("llU:! to pl1'"rribed 
tolemnces but also, with output equip-
ment., for automlltic sorting. 

INPUT 

Thc input to the comparator is in 
thc form of II four-line B(;O digits, 

five for loss va lue (dissipation facto r or 
conductance), five for capacitance 
\"ulu(', and Oll(, for mnge code. Positivc 
true logic is n'qu ircd, with the logic 
"1," or t rue, lev('1 Ill. least. 10 volts 
Ilho\'(' the "0" l('v('1. Although 1·2-4·2 
dnta Ilrc normnlly uiSCd, Il 1·2-1--8 mod· 
ifirntion iii twailabl('. Two .5-digit lim· 
iL~, one up)X'r find onc lower, ure set. fo r 
the rupacitnllce data, an upper limit 
is M't for the lo!'.., data, and one limit. is 
l'('t for th(' mnge digit. Complete com· 
parison l'1kf's only 2.1; mill iseconds. 

OUTPUT 

Four front.-p.'1uel Inmps and carre. 
sponding internal SPOT relays provide 
visun l and electrical indication of the 
comparison result. The lamps indicate 
GO, IIIGH <', LOW C, or UlGII D/ G. The 
relay contacts arc isolated from the 

, 
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instrument and from each other and 
r' a re rated at 115 V, 0.1 A. A dutn-(lut.

put connector is a lso provided for 
connecting a dat!t printer or an addi
tional limit comparator. 

SORTING 

A IGSO-A bridge nnd n l i81 com
parator fo rm a complete testing syste m 
by means of which an operator call 
mllllllally sort cll pacitors into the four 
cntegories indicated by Lhe comparator. 
This process can be speeded up by usc 
of the output relay contacts to operate 
Ilutomatic bin sorters. 

Several compHrators ca n be con
nected together to sort components 
into severt.li r1u&!ifiC!lt ions. Figure 2, for 
example, shows three comparators COIl
nected to sort components into four 
tolerance groups: I percent, 5 I>creent, 
10 percent, und greater thnn 10 per-

,..... cent. The measurement dat~l digits arc 
(''Ollnccted to a ll thl'('(' comparators. 
After the first compnrutor has com
pleted its ca lculation, it indicates the 

Fill"'" 2. DI .. II' ..... 'h .. .... l nll I", • • u"" ... 
11 .. " .. f ,h.,. < ..... "a'a ... ' . , ... ... ull l "I.· 
11 ... 1. , "rll"II ' (GO _NO _GO ,.I .. y, ,I. ...... " 

.... 1 " ~ .. ' '' ....... cI I" ...... " .. ' .. 1 ..... ) 

result and sturts the second compara
tor. This !Sequence cont inues until one 
comparator ind icates GO or until all in
dicate NO GO. The fi na l decision will 
apply power to the appropriate output 
circuit through the relay contacts. 

A 1!37-A Datn Printcr can be con
nected to the comparato r to obta in a 
reco rd of the resu lts. Three printer 
modes are provided: 

I ) Prin t nil measurements; 
2) Prin t in·toli,rtlllce mcasurements 

only; 
3) Print out.-of-tolerance measure

ments only. 
In addition, tl. color·eontrol signal is 

provided t.o print GO mcasu rements in 
black and xo GO measu remen ts in red. 
A digit representing the result of the 
comparison is a lso prin ted. 

CIRCUIT DESCRIPTION 

The liS! Digit.a l Umit. Comparator 
is basically a sequentia l digital calcula
tor. Comparison or the input. data. with 
preset. limits is accomplished by tl. 

11 
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fl,.... 3. Slmplifl.d 1."le G'''II, .. m 
1II .. ,".llnll e ..... p .. ,Is .. n ' .... n l" .... 

PIIh'IC)US 

~.-

sequenlia l techniqur in wh ich one four
line biliary-coded d('('ima l digit. is sui .... 
tracted from Ilnother in u four-bit pnral
lei subtraction cirl'uit. III thl' lo~ l'om
pnrison, for exnmplf', lhe mCfl.sur('(i 
value is subtrnl'tf'd from the Pn'l'Ct limit 
value digit by digit, ~t:lrLing with t ill' 
least significant digit. The "impli fiC'd 
block difl.gram of Figure 3 illustmtf's 
the principle. Thc ~qllcntial input 
circuits apply <'11('h pair of digits to the 
four-bit subtrac'tor (ench digit i.~ com
posed of four binary hits). After {'!lch 
subtradion, filly horrow bit genernted i ~ 

stored and {'uU'rf'd liS II pr<'violls horrow 
for the next subtrndion . After all th'e 
digits have bcen .!lubtractro, tl1f' prr~
('!lce or nh!<Cllce of /I borrow hit indicut('!'1 
whether the m<'USlIf(>t1 vlll\!(' is high('r 
o r lower than thl' prrsct \'aillc. 

The cnpacit.'lIlce-vnlu(' comparison is 
JX'rformcd in mu\,h the ~'l.mc way. The 

II'OIUU DAUIlINI'UT 0_'_1 
• " • • 

• • ---- 'ItOGfl&M I Sl:OUVtn_l ,-, _", 
0 

" • • 
• - elT SIJUlUtTOfI ".-

, STORE 

• , 
T II[~ 

" , 
range d igit is IIscd as the most signifi
ca nt digit of ca p:lcillince value. At the 
completion of comparison, t he filia l 
borrow informutioll is used to select the 
prol)Cr output relays li nd lamps. 

Thi.s techn ique in volves II min imum 
of critical dreuitry and rcquires onl y 
2J) milliscconds for a complete co m
parison. 

CONCLUSION 

i\ lany of the nd\'antnges of an auto
matic bridge tUII be negated by un 
op<' ruto r who mi:-:reads the indi ('atcd 
valu(>-S or who o('('a::;iollally translates 
me8suI'f'd data into inoorreC'L decisions 
in handling or pr()C('SSing. The limit 
('ompllr3tor, by s,uhstituting digital 
logic for human d{'('i:<ioll, advnnt'es the 
mellSllrC'mrnt syslcm 3 n important step 
,wlIrt'r to e liminat ion of human e rror 
ill rou tine jobs. 

SPECIFICATI ONS 
IIANGE Of liMIT SETTINGS : 00000 to 9!)!Y.)9 for 
oolh (' Bnd I). 
ACCUIIACY , :::amc M that of dat.'lllource. 
INI'Ul 
D ..... , II digit.8, fI('lI, 1 2 I 2 ( 1- 2-1-8 op
tionnl). 

l"lI ic l.".I~: 

" 1"_ 1' .. , (or 1' •• , to 1' •• ,-2 volt.8) 
"0" _ I' •• ,-IO«(jr 1'11..,-8 to 1'11..,-50 volle), 
Inpul Re,ht .. nu , > Ii kll(con IlCCu.od to I',.,). 
M""i ..... m S .... "'. 1I . 1I,I .. n •• , 100 ktl. 
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ll,f'''M' Vollag. , ±50 v with respec~ to 
('hassis ground. :\Ia."'[irnum IIOll rCC' l'1.'l!i~t:uH.'(', 
I kit 
Compo., Cammand, l.""ic I to logie 0 transi
tion. :\Iinimum .\urutiun, 2.5 m~; inpu~ r<'
sislllll(,(" >50 kIt. :'o 1:uirl1 \1111 BOUrce I1'<'II~l/1n('(', 
20 kn. 

OU"UT 
Data , Identical to input 
Comporllon Relul l , tKII digIt, b(·hind 10 kn. 
1'. lnl Command , Logie I to logic 0 trllnaitiOll , 
behind 2.2 kll. 
R,loy Cantacl" .] SPlIT cnnt9('lII, 115 V, rlnll, 
0.1 A, rms, maximurn. 

N ovem b e r _ Dece mber 1988 

GENERAL 
"'CC'"CI" II S"ppll' d : ('AI'-22 I'ollef Curd, 
spare fu!M'l!, 12Or) 1000 Sign:ll Cable to 1'011-
Ill"('t COIllI):lrnlur tl) 11\('[IIHlring ins t ruU\('nl. 
.... "'"'Orill R' qu' .. d , If sorting I"(l lIipm('n~ is 
118l'I.1,4205 1010 rllhh' i~ IIls<I needed. s..'C prir:c 
tabl(' beloll , 
Po .. " 1t ... "I ... : lOS to 125 or 210 to 250 \'. 
50 to 00 Hz, 10 W. (JUj to 235 /111'0 nvait:.bl{'. ) 
Cobin" , IL'!o('k-IK'II('h. 
D, .... ... lons: Berwh 1Il()(1l'1, width Ill, height I , 
d.'pth IGL~ in ( I~j, 105,420 111m ) oVl'r-ll.lI. 
rack ml)(lel, wid til \\1, h('ight. ;~12' dl'pth behind 
Imnd \ij in ( 185, 8!), 410 mm). 
Nil W,lght: 20 Ilr (n.a kg). 
Shlppi .. g W,lght ' ao lb (1 1.0 kg). 

rfllalQfl Numbf", 

1781·9801 
1781_981\ 
A20S-1 010 

Typ. 17.1 O'llIalllmli Compa,olo. , Bench Mod,1 
Typ, 171 1 Olli loIU ... " Co ... po.olo., R"c~ Mod,1 

Prlt't ill ('SA 

$1625 .00 
1625,00 

n ,oo Ac .... o.y C"bl. (f.am ","'ng eq~;pm'nt 10 compCl.Cllot! 

~, 'f ~ • 
-- -- -- --

Fig" .. I . GI. 1710 Sco .. ft ... SYlt,m . 

AUTOMATIC SCANNER SYSTEM 
The 1770 Scanner System !'hown in 

Figure 1 is an automatic inst rumcnt 
for the sequcntial eonncetion of mnny 
pairs of tcrminalli to a 8ingle pair. Its 
primnry Pllq>osc i~ to connect unknown 
capacitors to the 168O-A .·\u tomntie 
Cnpllcitn.nce Bridge Asse mbly. This 
bridge cn n detect (·hn nges in ca p:lci
tnn('c as sma ll as 0 .01 pF and, because 

of its three-terminal configurat ion, it 
will ignore stray cnpuc itnnce from each 
componcnt terminal to ground. With 
other setlnncf'S. thi.~ capability en nnot 
be used to advantage. In the 1770 
Scan ncr System a gU!lrd armngc mcllt 
connects stray capacita nce (('uuscd by 
long cable>!, for instance) from the 
component tt'rminnls to ground, leav-

13 
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IIlg less than 0.01 pro' ncros.'1 the com
ponent itself. 

DESCRIPTION 

The S('anncr System is ('om~ of 
two main unit!>, thr I ii I Rcnnnf'r Con
trol nnd III(' 1772 S,'uuncr SlI'it(' h, Thr 
component" under teflt aI"(' ('on nected 
to the switch unit. by long cnbh':-t, each 
('Qnsisting of JO wif'('~ in a singh.' shielded 
bundll'. Th!' sw itch unit. i8 s imihlrly con
nected to the control unit. b)' n long 
cabll'. This arl'3nge>ment is extrt'mciy 
adaptable>, J:;ince the component~ eun IX' 
separated fro m thl' 8wit('h unit, wh ich 
('un in turn 1)(' separated fro m the 
control unit. In environmcntnl t('sting. 
for cxample, componcnts in u te~t cha m
ber can be cOIllH'rtC'd to the swilth unit 
ou18idr the chami){'r by thr cubiC' 
bundle . The a rmngemcnt. nl:'O allows 
expansion of thr channel rapacity, 
since sevcrni switt'h un its call be con
nected to n single control unit. 

I • • 
I • t---. -• ; fr 

SCANNER SWITCH UNIT 

The 1772 Scanner Switch accepts up 
to JO plug-in reed-switch modules. Two 
types of switch modules nrc 11vllilabll' : 
t he 1772-1'1 SPS'J' Sca nner .:\ Iodulc and 
the 1772-1'2 SPDT Sca nner ;\ Iodule. 
Each module can accept 10 in put lincs 
nnd connect thcm sequentially to one 
output line. The 17i2-PI SPST module 
con nects the input lilies, one at a time, 
to the output line and leaves the unuscd 
lines open. The 1i72-P'2 S PDT module 
ol>CfU les in the sa me mall ncr except 
that the inactivc input lines arc con
nected to a common (ground) terminal. 
Figure 2 shows the usc of these modules 
in lhe guarded sca nning of two-terminal 
co mponcnts. Only three of the 10 input 
channels arc showll. ~ote that. this con
nection places the stray capacitance of 
the inac tive channels between the low 
output term inal and ground mther than 
across thc output terminals. This con
nection is shown more clea rly III 

Figure 3. 

r-~T '. 
L _____ ___ _ J 

OUTPUT 
U .. U 

I '. 

• ' """'_, ... u • • _ u ... _. 
_ . ....... "" ".~".L ....... 

OI,<o •• n". 'eo_ .. _~ 

r;;-----
I '~ 
I 
I 
I , 

• • 
I • , 
! • . -, ; 

Figur' 1 , SI ... plifl . d .. h . ..... llc 
dl .. gr ..... Ihowlng conn.cllon. 
fot gu ... d . d .... nnlng of Iwo _ 

' e.mlnol componenls, 
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Each module uscs long-life recd 
switches rapablc of ovcr 2.i million 
ol>crations. Total channcl rC!1istuncc is 
less than 200 milliohms. 

The 17i2 Scanner Switch can accept 
10 modules of either tYI>C lind can 
providc, for example, a scanning rapac
ity of :,0 two-terminal components or 
100 single-terminal signal lines. 

Physicol Description 

Figure" shows a 1770 Scanne r System 
used with tl IGSO-A .\ utomalic Capa
cit..'lilce Bridge Assembly. The 1772 
Scanner Switch is shown at the left, 
housed in a .iJ.-2-illch-high relay-rack 
cabinet. All conncctions arc made at 

November_ Dllcember 1966 

<0'''' ro 
"'UKi( 

Filur. l. Slmpllll . d schemo_ 
11< dlolrom of Itonn .. 

swl l<hinl circuli. 

Each module' includes It 1--I-p in connec
tor for til(' input lim's and Lwo parallel 
B'\(" ronnertor~ fo r till' output lines. 
On(' I\"\"l" output connector ('an be used 
for connection to the external measuring 
instruml'nt lind the second to other 
module!'!. The main chassis has two 
!"onnectors, one for connect ion to the 
1771 ~('aJlncr Control and one for COIl

nection to other Scanner Switches. Two 
.)Q..foot rolls of IO-conductor shielded 
cable :\rC supplied for connection to the 
input lines. 

SCANNER (ONTROl UNIT 

Thr 1771 Smnnrr ContrQI Unit is an 
all-solid-state instrument that can con-

the rear of the unit. The 1772-PI and trol lip lo fOllr lin Scanner Switches. 
-P2 Scanner :'Iloduics plug in as shown. Its maximum capaeity is 100 single or 

FII .... 4 . S<onn •• sysl. m <onn.cl. d 10 o,,'omo,i< bridle. S<onner Jwi l<h Is ", lehi <onlrol .. ni l It obov. 
Ihe bridle. 

15 

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



the .IE xperirne nte l' 

multiple rhannel". Thr in"trllmrnt h:l~ 
thumb-wlu'('ll'Iwitrhes for challllr\ st:'lec
lion and a bright in-linr Ilumeri('al 
rNldout of the aeti\'e ehannel. An (,1('('
t ricul r<'B.doul iii abo prO\'idNI. along 
with vllriOUi~ othrr electrical inputs alld 
outputs, 

OPERATING MODES 

'I'll{' thumh-wh('('1 .s\\'itch('~ al1' ~t to 
the fiNl I\nd la;::t ('hunllels of II d{' .... ired 
S<"qurll('r. ~h: mod!':; of oJX'ratioll ('<\II be 
S('lect('d by the frollt-pnllel \ 100.; ('0"'
TnOL switch: 

( I) SI"'OU; :-.n:I', in whith chunn!'1 
UdVllll('(' i~ initiM!'d by mlllllllli opt'ra
lion of a front.-panel pushbutto n or b:y 
nil ('I('('triral .!iignal applied to :1 re:lr 
('()Illl('('tor : 

(2) 81"(;1,1:; Sn:\', in whirh Il challnel 
grollP is automatically ~ennn('d OIlC'(' 
from thr fiNt to the la"t ('hallllri. ,\t th(' 
end of th(' s<'Illlf'llce the first ('hanne! is 
ready to 1)(' lu,ti\'ut<'d: 

(:3) CO"'l'I:\l'OUS 8(".\:\, in which a 

1111 
SClNNER CC»ITROL 

('hannel group i;; rt'pctiti\'('ly scallned; 
(-I) HEI·r.\T, in which the ~cannrr 

remaing on thc first ('hallllci. A pu:-h
button or un ext('rnni inpnt i'i u'icd 
to gcncrntc flll Olltput "mcasure" 
signnl ; 

(.i) R ,\XDO\l A('n;;o::~, in which nny 
channel enn bc !l<'ieclcd by 1)('0 ('ont~ct. 

t losures applird to /I rear cOllnector ; 
(6) R~:\lOn~, ill whieh lilly mode of 

olX'l'lltion ('nn be S('1('cted by contact. 
closuf'CS npplicd to n rear connector. 

TIMING 

A sC:lIlning 8('qucl1('c is in it iated by 
a signa l fro m the lIutomatic capari
tnnc(' bridgc. An output delay inten'al, 
adjllst:lble from r,o mill iseconds to :Lj 
8(-'{'onds, is gCllcmted to allow propcr 
operat ion of oth('r CfJuipmcnt that may 
be ntliv!ltcd by the &'1mc signal. Arter 
this dclay the t'canll('r advnnCC.i Olle 
channel, and n sceond interval, of JO 
millcsc('ond~, allows ror IIwitch boullce 
time nnd datil S<'tlling. At th(' (,!ld 

1172. 
SCANNER SWITCti 

- ------, 
TENS I 

ORIVERS I 

r - ---------- -------, 1772-PI 
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f l "" .. .s . .s l ... p lllll " 
s.h . ... "' le oI l " "r"'" 
. h" wl"" Inl .,. "nn " • • 
II"nl Io .twlln . "nlfl ' 
u,,1! ",,01 .... I! ch "nl, . 

I 7ll.I.Y SPSl ~ODULE I COI5.fP 
0-' 

'". -I~Y 
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FI"II'. 6, arld,. _leo .... .. 
• y.,.m 1I • • d , .. . .. vl . ... _ 
m . .. I .. 1 l u i. .... d fpp. d_ 

mi . .. ... p .. . It .... . 

of this inten'a l an output signnl is 
gellerated to oprrate the bridgr. ,\t 
thr sume time. a third interval, adjust
able from 100 milliseconds to 2:; 

....... seconds, is initinted. In the I-OI .... OU: 

5('A" or CO"TI't'Ol'~ s(",\" mode the 
scanner advances to the next channel 
at the end of this interval unless a 
signal from the bridge has caused it 
to advance sooner, 

Front-panel terminals allow the oprr
ator to monitor the delay signals Oil an 
oscilloscope. 

SCANNER CONTROl - SCANNER 
SWITCH INTERCONNECTIONS 

Figure 5 .!<ho\\<1I n si mplified schem:Hic 
diagram of some of the interconn{'c
tiOllS between thr Scunnrr Control L"nit 
nnd the Scanner Switch Unit. '1'11'0 

decade counters in the Scanner Con
trol Unit determine the active channel 
by means of the matrix ("ero 'point") 
connection shown. For example. if the 
tells decade ic; set. to 0 tUld the ullits 
d(>cnde to D. trus-dri\'er transistor TO 
and units-drivcr transistor U9 will be 

No .... mb.r- D .e.mb.r 1966 

held ill saturation, connecting the coil 
of reed switch 09 bctW('C1l I' •• , nnd 
the -I.).-volt supply. The diodes in 
serics with the reed-switch coils nllow 
thr matrix to operate, while those in 
parallel with the coils pre\'ent the su rge 
transient from damaging the driver 
trnnsistors, 

The coil-return line, REI., is COD

Ilected through a normally &ltlornted 
tmnsistor to \-It.,. This transistor is 
cut. off for the reset operation, disublillg 
nil ehnllnels. 

The chanllel-drh'er transistors ca n 
supply up to SO rnA. The rC('(l-switch 
coils in the 1772-P1 SPST Scnnner 
),fodule require 15 rnA. and those in 
the 1772-1'2 SPOT Scanller ),Iodule 
require :iO rnA. Thus one SCllnner COIl
trol Unit ('an drive. for exa mple, four 
loo-channel single-wire Scanner Switch 
L"nit.:; (10 1772-1'1 SPST modules in 
each) or aile lOO-chanliel guarded-t.wo
terminal grnnner consisting of two 
Scanner Switch Units (10 1772-P1 
SPST modu les in onc and 10 1772-P2 
SPDT modules in the other). 
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H .. , .. ld T. McAt .. , ,.ul ... d tlte I.S.E.E. and M.S.E.E. d.g, ••• fro ... the M',. ... d ..... ". 
1ou11M. of Tedonolog)' In 19j3. H. w .... mplo)'.d o. a COOpI<OI;". "ud.nt ,II Gil: on 
the d .. ign of high-fr.qu.ncy .... c,.u'i"il and tlcording InItNm.nll. Aft., Iwo ), ... ,,' 
.If";ce a. an .n"i,..1< willi tlte U. S. Arm)' Signal Cotp. a t Fatt Mon......,th. he tlll/,n.d 
to Gil: ..... d .... lapm.nt .nll;n •• , In GR', f tlqll.nc)' G,OIIP. wh.r. h. d"';lIn.d 
ftlqul<"lc), t Ollnt.n. <:Ind <:Inodalld 1,"t",m' .. II. Since .arl), 1966 h. h,,, b .... ,"pon
.ibl. for rh. d .. ig .. of .)'.lIm. ot GR. H. i ... "lIi.te,. d p,ol." ..... ol-.ng;n". ond 0 
m.mber of Ihe IHE, Eta K<:Ippa 1'1". Tou ,,.1 .. Pi ... nd Sigma XI. 

Rich .. ,d F. 5. " •• d,Wllner 01 ,h. 1781 Dilliial Limil C .. mpa, .. lo, and Ino Sconner 
Sy.t.m. tlceiv.d rh. II.S.E.E. and M.S.E.E. d'II ' ' '' 1'<:Im I'Iatth.<:I"ern Uni""flily In 
196' and 1961, '"plCti ... t,. H. perlo,m,.d 1I, .. duoll ...... ' ch In ,olid."o' ,. ph,lics 
<:It th. Ai. Fore. C"mb,'dll' R"'<:I,ch lobor .. tory ond '011' ...... d In th. U. S. Arm, 
EI,.ctronics Loborolor}' 01 f<:lr1 Mon!ftOll!h, where h. w". concern.d with thl '''' Iinll 
and ,.v"lvotlan of inllll,olld circuit .. SOnce ioIning Gil: In 196. hi ho. blln ,"poMibl' 
for Ih. dlSign ond d .... lop .... nt of dolo-prac''''''g .quip .... nl '<:I, <:IlIIomolic , ,."ing 
.'"1 ...... H. I. " .... mbe, of Ih. IfEE and Elo Kappa Nu. 

APPLICATIONS 

Figure (j shows the t 770 SCllnner 
Sysk- m UM!d with [L IGSO-A Au to ma tic 
Capacitanre- Bridge Assembly at Ell'c
lro :\ Iotivr :\ Ia llufacturiog Company ill 
Willimulltic, ConnlX:t icut. to perform 
cl\v ironmcntlll-pcrformanc(' ins!><,ctioll 
of high-t'('liability dipped-micn capaci
tors. The capacitors are checked in all 
('nvironmenta l cha mber ovcr a range 
of - 5.j to + 1 ;)(l°C. 

III Mother custom-designed meas
urement. system, U 1770 Scanner System 
is uSC'd in thc testing of touch-dial
t{'l('phone ind uctors. By uS(' of the 
mndom-acCCR-'5 modc, external program
ming ('quipmcnt is used to conllect a 
pf"f'!!Cribcd group of inductors, first 
for demagnetizing and thcn, after n 
known timc interval. fo r mcasure mcnt. 
The nexibi lity of the scnnner system 
makes it idenl for this npplication. 

Tbc 1770 Scanner System ca n be 
used for signal-linc scanning with eithcr 
type of switch modu lc. The 1772-P2 
81'1)'1' Scanner i\lodu lc is constructcd 
SO that lerminnl ing resislors cnn be 
automatically connected to inactivc 
chanllcls (sec Figure 2), 

The scanliN ~ystcm call also be used 
ill rt'verse as an ou tput. SCllllner, to 
COllllPCt a !': ingle inpu t signal to mnny 
output terminals in sequcnce. In onc 
such applica tion , for cxa mple, two 
sca nner switch un its nrc operatcd from 
one control unit. Onc of the switch 
ullits connects inpu t. signal tines one 
a t a time to a mcasuring instrumcnt, 
while the othcr switch unit connccts 
thc output. of the instrument to n mul
tiple-channcl recorder. 

IiAIIO J. D T . i\ l cALEEIi 
RI CJI,\llD F. SET'l'E 

SPECIFICATIONS 
1771 SCANNER CONTROL 

IN,Ut 
l.glc 1 .... 1' (r •• , _ 1'_ ±50 V ): 
"I" _ 1'." (or I' •• , to I' •• , - 2 \'olta) 
"0" _ 1" •• , - 10 (or V •• , - 8 to \' •• ,-
15 \'011.1). 
Ch.nn. 1 Ad".n'" Logic-level tranaition, either 
polarity; mput rt'ftiBtal\OI! _ 50 kO: maxlmuln 
1IOlIf"CCl reei~La{l(:e _ 20 kU. 

Or. contact. cloeure to 1' •• ,; inllUt reaisL-

nnee _ 1.8 1m; opcn-cireuit voltage _ V.R , 

- 15 voltll. 
...... 1. C.nl,.1: SUrt., ,top, rl'BCt., skip, in
hibit, randOIll-atteee ch~nnel Relection and 
mode; eont.:lct. doeure to I' •• ,; input rt'8illL
Ilnoo _ 1.8 kU; open-cirtuit voltage _ " •• , 
- 15 volt!!. 
OUTPUT 
Chonn_. Id. "IIf I~a!l.n , BCD 1-2-1- 2 ( 1- 2--4-8 
OptiOMI); output resistance - 22 kll. 
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N Qv em b er- Decem be r '966 

M . .. " ... Comm"n": Logic a to logie I l r!lUgi
tion behind 0.001 "F. 
Ch"nne l_Swltch DrI ... e C"rrenl : 80 mAo 
End 01 scon : l.oJo:ic-!evcl l m!t~iliun. ei the r IW
lari ty, behind 10 k~l. 
TIM IN G DelAYS 
5. 111 . D. I"y : 10 m9. 
Solety Deloy: Adjuat.aIM 100 rns - 25 S. 
0,,11',,1 Oe l" y: Adju~l:l!Jle 50 JIlg - 2.5 M (ca ll 
be inhibikd ). 

ln2 SCA NNER SWITCH 
C"p"city: 10 pctmlwr muc.[uli'8. 

I n2_p. SI'ST SCA NNER MODULE 
Complem. nl : lU ,<I'!;T Mwilch ('onl:lcts, rtlted at 
25 V, 0 .1 A, rIl:t.\imum. Ch:ulIlel-drivl: rC<luirc
mcnt: 15 V lIt Iii mAo 

ln2- p2 SPOT SCANNER MODULE 
Compleme"I, 10 ""lIT Mwildl contnets, rated Ilt 
25 V, 0.1 A, nmxirnurn. Channel-drive require
meut: 15 " at:1O rnA. 

OR DERING INFOR MAllON - The 1770 Seon ... , Sy".'" i. no t pre •• nlly 
ovoiloble o. on "ofll~ . >hell" ;Ie ... . In'l";';.' Or. jnvilM '0' .cO"",r 'Y"e .... 
o. aeleribed oboye. Til. p,ic. fer .. Iypicol SO·ellennel QiiOrde-d .cenn.r i, 
eppre><im,,'.!y $3S00. 

EXPERIMENTER on Microfi lm 

Libra ries a nd others fa cC'<.1 with the 
problems of periodi('a l storage call 
now obta in allY or a ll volumrs of lhe 
E'x11Crimc11Ier. from Volume I (1!J2()) to 
the present, on microfi lm . Eac h vo l
ume i3 ill the form of posit ive micro-

fil m. on met.'ll reels suitably bhelcd. 
Enla rged copies cu n be printed on re
quest. All inquiri('s regarding t hi s serv
ice shou ld be dirrc:ted to Uni versity 
:\Iicrofilms. 313 ~orlh First St reet, 
Ann Arbor, :\Ii(·higan ·1810G. 

INSTRUCTION MANUALS FOR THE CLASSROOM 

As many profes>lors have found , en. 
instruetion manuals conta in not only 
in structions but also much valuable 
information on cir'cui t desig' l, principl(':; 
of operation, und specia l measu reJllent 

techniq ues. We :lre .'llw:lys glad to 
grant rNlu(,,,ts for ~ingle copies of 
manuals fo r 11M:' ill11w (·lassroom. Where 
f]lIantitit, s :Ir(' requested, fl charge will 
lIsually be made to dcfruy printing cost. 

ADDENDUM 

In the s pecifica tions for thc '1' 1'1'£ 

13!).! High-Rale Pulse (; cllerator (J uly 

1906 issllc, page 8). thc tY I)C dl'"igna
tions 1:.lOl ·.\ nne! J:3!}-J--Z nppenr with
out explanution of t It(' distinction be
tween thcm. As men t ioned t'arly in the 

issue, the High-Rate Pulse (; ellerator 

alone is de8ignntcd Tn'~: I:m I-A; t he 

designution 1:3\)-1-% identifi('S the co m

bination of Tn>" 139-1 -A lIigh- Ra te 

P ulse (: ellcmtor a nd T Y/'E 139·I-P I 
Pu hic-OfT"ct Control. 

In tht' "p{'c- ifie:ltions for the 1,)25-1\ 
Da ta He{'o rder (Ot·tober issuc), fl line 
of type wa:" om ittfod from thr lI'eiyhtillY 
(,h(lrtld{'riR!i(.~. Thc ('omplctc :"peci fica
lion follow.~: 
Wel ... hl;n ... Ch", ,, . I,,,l ui.,. : ;..·.\B .'Iud rOU-",lU1t 
Cllrrl'nt fur bUIlt IJla.vhlll'k >lmIJlifi,'r~: ;'\AB 
COn,,\1HlI ('urr('nl, nIH! t\ , II, lllL( C \\.,jll:hling 
(~t.'H\(ln rd ;l<Hllul-I,·""I_nwlt·r rh:lr"l'\.('ri~lic) rur 
r(·(..:)rtl rhunnd fl. Cun,\lll1t current Cor r (>Coni 
chnnncl 12. 
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GENERAL RADIO COMPAN Y 
Wl:sr CONCO"D . .......... C .. V.RTf. 0".' 

EXPERIMENTER Editor Retires 

With this i~.'!u(' til(' 
E.qu'rimnllfr b id s 
faf('\\'{'ll to ('hurie:-! E. 
WortllC'll , who for 
O\'cr 30 years has 
bet'n il.'1 Editor. 

('hurl('!{ Worthcll 
joined (j R in I n28, 
uftN gruduating from 

:'11.1.'1'. , and, work ing with.l. 1\. (,lnl>l>. 
hl.'l p('(1 piolll.'i'r the fir.~t ('omllU'rd:li 
primary frequ!'lH'Y i\t;Lndllrd~. In IHal 
he turn('(/ hi" full utt('lItion 10 th(' writ
ten word; :oin('l' theil, a~ I'uhli('ity ~Ian
ager and ll.'! Din"{'tor of till' ~al{'s Promo
t ion D('partm(,llt , h{' lIa.'! 'Ihrpherdcd the 

I\'.rprrillll'lIta, ("lI lnlogs. instruction m:l ll
lUlls, htlndbook'1, ads. :1Ilt! g<'llC'rai pub
liciLy. His editorial judgmt'lil WIUI a l
ways sound; his writing waS always 
dUlnlttt'ri zl'd hy good t:i'ite, tl s tyle 
both rClldahlc nnd corr('('t, nnd tl tal{'nt 
for ullcom pli('nl ing til{' ('ompll'x, l:Jc r_ 
haps mort.' th:1II !Illy oliwr indi\'idua l, he 
has set sta ndards for the literature of 
the el('droni('s industry, 

Xo\\' Ill' retin'", thl' IX'\lN 10 enjoy 
his b mily, hi >! book"" I'om(' travel, :Uld 
11 Wl'I\-(,,:lrJl('(1 fr('('dolll from dC'tld· 
iinf's, Our h<'~t \\,i,.h<,;; go with thi" mtln 
whose word~ \\-ct'(' uhnl)'''~) well cho5{'Il , 

F. \ 'tllI \ 'c{'n, Edi tor 

GENERAL RADIO COM PANY 
WEST CONCORD, MA SSACHUSETTS 01781 
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