
VOLUME 39 NUMBER 10 OCTOBER 1965 

In this issue: 
RESISTANCE STANDARDS. DECADE RESISTORS. COAXIAL MICROWAVE NEWS 

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 General Radio 
EXPERIMENTER 
is moiled withou t 
charge each month to 
engineers, scientists, 
technicions, and others 
in terested in eledronic 
techniques in measure· 
ment. When sending 
requests for subscrip' 
tions and oddress· 
change notices, please 
supply the following 
information : nome, 
company oddress, type 
of business company is 
engaged in, ond title or 
position of indiyiduol. 

~the GE:ER A L R ADIO 

experimenter 
oIl l96S_GENE ... l ... 010 COM' .. NT, wut CON COlO. M .. SS " u.s .... 

Published Monthly by the General Radio Company 

VOLUME 39 NO 10 

CONTENTS 

OCTOBER 1965 

New Stondord Resis lors ..... . . . .. . . . 
Improved Specificotions fo r the 1432 Decode·Resistors . 
A New l ine of Inexpensive Decode-Resistonce Bo}{es 
X is 10. . . ..... . .. .. ..... . ....... . 
Decode-Reshtor Accuracy Specifications 
14-dB !5 X ) AllentJotor .. . . .. . . . 
Type 874-BBL Coonector . ..... . 

Page 

3 
6 
B 

11 
12 
13 
14 

GENERAL R A D I 0 CO MPAN Y 
West Concord, Ma n achuseth*, 017 81 
r.lepholM ICOtIcord) 369.4400; [1k>.10tI) 646.7400 

Ar.., Cod. Nurnbilr 617 

NEW ENGLAND: 22 8ah . A" . ..... . , w . 1I Coneard, Mo ... , 0171 1 
T.leph ..... -617 6"'6·0550 

METROPOliTAN 8raod A" . .... . 0 1 lInd t n, Rldl. fl.ld, N. J ., 07651 1""\ 
NEW YORK:' Ttlephone- N. Y., 212 96 ... . 2722 

N.1.,201 943·31"0 
SYRACUSE: "le~a,d Blllldlnl, Eall MoUoy Road , 

Sy.oelll., N. Y. , 13211 
rel.phaIM - 315 ... 5 ... ·9323 

PHilADElPHIA , Fort Waohlnlton Indlllirial Par~, 

WASHINGTON' 
and BAlTIMORE : 

ORLANDO, 

CHICAGO:' 

CLEVElAND , 

DAllAS, 

Fort WaohlnlllOn, "'. nn • ."I"ania 19034 
r.lephone - 215 6"6·,030 

11420 Raeh1l1 . Pik., Rockvill e, Md " 20lS2 
relephoM- 301 9"6·1600 
113 Eall Colonial O,I"e, O,londa, Florida. 32801 
r.lephoM- 305 .. 25· ... 671 

6605 W .. I Norlh Av. nllo , Oak Po,k , Hllnoll , 60302 
reSephoIM - 312 '''''.9'''00 

5579 P.arl Road , CI."elond, OhIo, 44129 
r.l.pholM- 216 866·0150 
2600 Slemmoni Fr •• way, Suil . 210, Donal , 

Te""",75207 
r.ltpholM- 214 MEtro ... 7·22",0 

LOS ANGELES ,' 1000 Norlh Seward 51 ., lOI Anll , I .. , Cal. , 90031 
T.lepholM- 2IJ "'69·6201 

SAN FRANCISCO : IU6l". All". A" •• , l ". All"., Cal., 94022 
T.Ie"",,oIM- ""5 9.'·'233 

TORONTO:' 

MONTREAL: 

99 Florol P .. ,kwoy, Tor"nlo 15, Onl .. I" , Conada 
TeJ.pho", _ 416 2 "'7·2 171 

Offl" 395, 1255 la ird 8Ivd., Town of MOllnl Royal , 
QII , b.e, Canada 

r.l.phoIM _ 514 737·3673 

'Repair oervices 0 .. ovailabl. 01 lhe.e office •. 

GENERAL RADIO COMPANY (O" . ... aI ), '001 ZlIrlch, Sw;lu,la .. d 

GENERAL RADIO COMPANY (U.K.) LIMITED, 'oll.ne End , 

8ue~lnlh"mlhi .. , Eniliand 
Repr ... nlol; " .. I .. Pr;nclpal 0" . ... 01 Co untri .. 

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



NEW STANDARD RESISTORS 

An imporLant objective of our devel· 
opment program for precision resistors 
has been the d('sign of n resistor un it of 
high stability for use both as a resist
ance standard and as a circuit com
ponent where ordinary commercial re
sistors are inadequate. Requirements 
for such Ii resistor nrc: 

I. extreme stability 
2. high accuracy (close to Ilominal 

vallie) 
a. good freque ncy chlll'fictcristics 
4. low temperature cocflicient 
S. low thermal emf to copper 
G. reasonable size with rellsonahle 

power rating 
7. moderate price 
These requirements arc met in the 

new TYPI·: .., 1440 and 1·1·11 Stanci5rd 
Resistors, shown a bove. Thes<' two 
types Ufi;C idcntiea! resistan ce units 
but have difTorellt packages to silit the 
two distinctly different applications. 

To obtain high stabili ty, many Irn
pro\'l.:d t.c(· hniqlles were ncces!lury. 

Type 
144 1 

Ty pe 
1440 

First, the units nre wound under low 
tension tu avoid lITlllc('efl.';Ury stresses 
and win' dt'formation that would result. 
in futllr{' rel:\x:l.tions and caUS(' resist
anf't' drift. To do this, 11'(' had to Imild 
new winding mal·hines with special 
tcnsion-rt:gulat ing devif·cs. becallse no 
adequllu- muchincs WCN' '. tlvailllbl('. 
After the rm;istor is wound und wcld('d 
to the copJX'r terminals, it is Ilrlifi{'iaily 
aged by repelltRd temperature cycli ng 
to reml)vt' st.resses. Theil the ulliL<; arc 
wcld('d to the molded-in terminals on 
lhe head of the {!Uso a nd adjusted to 
value. A nl'w ahrasion adjustment tech
nique permits !'xt.rcmciy /in!' final ad
justment without introdlwing harm fill 
adJitiollltl stress!'.'! in the wire. 

After adjustment, the resistors afe 
!'!lcased, Ii liN! with a "p('('in] low
moisture oil. and scaled. All precision 
T!';:j"lors mllst h(, S<'aled t.o avoid chC'mi
eal rcaetion.'l with moistur(' a nd other 
compolH'nts of air. T IH' more ('ommon 
way of scaling is to dip the resistors 
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low thermal emf, law resistance, 
gold-plated copper terminal 00''' --;'' 

low-capacitarlCe, rugged 
diallyl-phthalate case 

calibration sticker 
on rear 

shows initial value 

dimensionally stable, 
ftat mica cord 

oit-filled to 

promote 1<' '0"-""'',./ 
stability 

• hg.'1<,d_o,k of W. 8. 0.10..- Co. 

stobie Evanohm* or 
manganin wire with low 

_..:::,:,~!?t"'. coeHicient 

low-inductance winding 
for good ac performance 

hermetically sealed 
10 eliminate 
atmospheric eHects 

figurl 1. Cutaway vilw 0' th' .Iol'ldard ruillar, thowll'lg con.lruclla ... 

in a rigid or semi-rigid coating. How
ever, any such coating restricts the 
expansion and con traction of the wire, 
and stresses develop in the wire. Such 
coatings Ilre always slightly porous 
and, if too brittle, are also subject 
to small cracks, which result in gradual 
resistance changes, particularly under 
humid conditions. The use of a sealed, 
oil-filled ease removes these two causes 
of long-term drift. 

After sealing, the units are measu red 
and observed for at least three months 
and then go through a final inspectioll 
where any units that show unusual be
havior are eliminated. 

Table I shows the average drift 
for the first year. As is to be expected 
with wire-wound resiswrs, these units 
all show a reduced rate of drift as they 
age, so that drift during their second 
year is less. 

TA8LE I. 
AVERAGE DRIfT FOR FIRST YEAR 

1 0 

Good frequency characteristics are 
inherent in these units because they 
are wound on thin mica cards. The in
ductance of all units is reduced because 
the wire forms a flat coil with low 
cross-sectional area. The lower~resist

snre units, in which inductance is more 
critical, use the Ayrton-Perry winding, 
which cancels the magnetic field to a 
great. degree. A plastic (non-conducting) 
con tainer was chosen to reduce capa
citance. Our specifications include the 
values of residual inductances (for low
resistance values) and capacitances and 
approximate frequencies at which the 
effective series and parallel values of 
resistance will change by 0.1 %. 

The resist.ance wire used has a low 
temperature coefficient aud a low ther
mal emf to copper. A low thermal emf 
is further cnsured by copper terminals 
on the resistor itself and on the case. 
The units are shaped to have a rela
ti,'ely large surfacc-to-volume ratio in 
order to dissipate one watt without per· 
manent change in resistance. For high-
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accuracy measurements, only 0.01 watt 
should be used to avoid a temperaturc 
tlse. 

Applications 

The TYPE 1440 Standard Resistor is 
intended for use as a laboratory or pro
duction standard for calihrating resist
ance measuring devices, for substitution 
measurements, and for incorporation in 
temporary mellsuremcnt setups. It has 
gold·plated, copper, jack-top terminal 
posts and removable, gold-plated 
banana plugs, both on standard 
%,-inch spacing. With the banana plug 
in place, there arc four terminals avail
able for making highest aceuraey meas
urements on the low-resistance units 
by means of a Kelvin Bridge. 

A calibration label is attached, which 
gives an initial ca libration to ± 20 ppm 
against standards whose values arc 
known typicalJy to ± 10 ppm as deter
mined by the r.,-atiollal Bureau of 
Standards. The dale of calibration and 
a seria l number are given , and room is 
provided for future calibration entries. 
The resistors can be immersed in oil 
without damage to this label. 

OCTOBER 196$ ~~ 

Fill"'. 2. Typ. 1441 Sla nll .. rd R .. lI l ... COIn , .. 
mo "n,.11 .flh •• ".rtlcally o. horhonl .. Uy. H .. ,II_ 

w ... . I, f".nlsh.II, 

The Tn>f; 1441 resistors are intended 
fo r use ill equipment requiring resistors 
of the highest stability_ These units 
have No. 16 tinned copper leads lind 
include hardware for verLical as well 
as horizonta l mounting. Connection to 
the leads are made M ineh from the 
case for ca libration measurements on 
low-resistance units. See Figure 2. 

Dne of the main reasons for develop
ing these resistors was to give us a 
better precision resistor for use in our 
own precision instruments. Other equip
ment ma nufacturers will find them 
useful , as will anyone buildulg his own 
laboratory or production measurement 
d 

. \ eVlces. 
- W. J. BASTANIER 

SPECIFICATIONS 

"ccu,,,cr: ±0.01 % for all units except thOlle of 
1 0, which are :1:::0_02% . This accuTl,u'.Y. is 
gunn.nteed for our st.a.ndnrd "·arrll.nty period 
of two yelU'8, unlt'118 the rC!li~tor hna l>eeu dum
aged by excessive CUrrent . !\IclUIurementll ou 
the low-resistance TnE 1440 units should be 
made with II. four-wrminal connection a.nd on 
the TYPE l 'I'II'a at %" inch from the elUlC. All 
measurements at 23"C. 
C.Ub.o!r"n ".cu,,, .... , TV!>E lHO Reeistora are 
calibrated hy COlnllurh,on, 1.1) 11 !lr~ciaio ll ur ±2O 
ppm, with working stAndbf'ds whose nMoluttl 
values aN known typica.lly to :1::: 10 Pl,nl as 
determined !lnd melll[ur«i in lerms of reference 
standards periodiCAlly meul!ured lJy the Nn
tional Bureil.u of $t.:,ndllrds. The mCl\8ured 
devintion from nomiunl vnloe, at 2~cC nnJ 0.01 
watt., i9 entered 01) the label 1)0 th~ reverse side 
of the resiswr. 
510101ll1y : ±30 ppm per year. 

f.m~ ... 'u" C"dUd.nl ( M ... ), ± JO ppm;CC 
for resistanCC9 above 10 fl ; ±2O ppm / OC for 
10 n Iilld beluw. 
P"w,. R .. ,I .. ", 1 \V. The corresponding current 
is indicated on the rCl!istm Ilnd in the tnble 
below. This di!l!liputiou \\iU Clause a tempera
ture riae of approximately 260C and a resulting 
temporary rt1listnoce el,ange doe to tbe 
ttlmpcrntllre coefficient. If !.his rating ill {lX

reeded, perlllanent ehangCl! may resUlt, 
hold,; .. 1 Imp.doncu: Approximate shunt CIIPIU:
iULnce (2-terminal menaurement)j TY, •• : I.HO

I 2.5 pF; TYPE 1441 , t:;, pF; less lor :l-terminR 
melUloreln/mt. T ypicnl IICriet! inducl!J.nce, Bee 
price w.hle. 
.pp .. "dm .. '. ,., q". ncy Cha ... <t • • " l1c, See table. 
h_inal" Tn'," 1410 - gold-plated, jlM:k
tOil, copper binding post.! (~-ill 1I1111cing) with 
oonana Illugs that lI,r\, removnble and can be 
repbced uy ().32 IiCreWB for inst.o,lInl.ion of 
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G E N EII Al IIAOIO E X "EIIIMENTE II 

Miri('ring iul9" T YI'I': 1441 - , Iu t.innf'd-roPI~ r
wir{·lell.d~, I I~' ill. IUllg Oil I J.i il\. "l)11.eing. 

DI",eulo ... (Ie .. ' e rml"" lo) : T ype 1140 - wid th 
21~, hei~ht. 21~, depth ~ inehett (58, 61, 10 
nnn); 1 Yl'l: )..I II - wid th 231, height 2~, 

depth ~inchCII (58, 59, 10 111m). 
Ne' Weigh!: T Y" t: 1"'10, 2 01. (00 g ); Tnt! I-I·H , 
l '4m(45g}. 
Sh ipp ing Welghl : TY"Jl 1-4 10, 10 01. ( 0 .3 kg); 
Tn!: IH I, JO I»! (0 .:.1 kg). 

A ppror. i-'re'{1lency for T ype 1440 
.1% U~MAlal1Ce C'lIIlAge Culall"l{J Priu 
S~rit8 R. J'wulitl /( Numbtr 'n (lSA 

l\I IU Typi.all 
Hesillallf;{! Cl4rTell.t I ~lllclimce 

'" 1.0 A 0.12 ;iH 300 kc/. 30 kc/_ 1440·960' $1 0. S0 14" ·9601 $ 6.S0 
10 11 310 mA 0.13 p H 1 Me/! 300 ke," 1440·961' 10.50 144' .9611 6.S0 

'00 n ' 00 ",A 0.20 pH 3 Me/! 1 Me/ . 1440.9621 10.S0 '44' .9621 6.S0 
, loll JO ., 2.5 " H 2Mt 1 Me/! 1""0.963' 10.SO 14" .9631 6.50 , ... 10 III" 200 ke • 1 Me," ' ''''0·9641 10.50 144' ·964 ' 6.$0 

'00 Ion 3m, 10 ke/. ' 00 ke/. '440·965 1 12..50 144, .965 1 ' .50 
1,..,0 , .. 2 kc/. 10 kc/! 1440.9661 21 .50 144' .9661 17.50 

Il'lonl ""'UII.!" ,.I"'~ ~ptnJ!I rolllll1(l """,/",'.1111" nllml"" nrW ' lamt, ,tA·i$IIl1IU ,'(IlII' , and pri~t . 
. l fIl{ 1)/),'" ","~I'''Ii.'f; l'Il/", 1~1!lI't'n 11.1 \I a",1 I .1111 "'III. I"" Itll pplitd, Pita« {Jilk/Of 0 'ilwtalum, 

IMPROVED SPECIFICATIONS FOR 

THE 1432 DECADE RESISTORS 

Ou r gencml program fo r developing 
improvt'd resistors has resulted in more 
accurate and sta ble resistors for Uti('. in 
dccl\de boxes us well as in the extN'mely 
stab le T Yl'f:S 1440 a nd 1441 Standa rd 
H~s istors described above. New wind
ing, conting, heat-treating, and adj ust
ment proceduJ'('s have made possible a 
new t.wo-yea r warranty of 0.025% for 
steps of 100 ohms and higher in the 
popu lnf Tn>b 1432 Decade Hesis tor 
and Tnt: .,10 De('ade-R~istance Uni t. 

WI' wan I to cmpha!<izc that this 
s(X'citication is for a full two ycans aftcr 
date of shi pment, As discussed cl&'
where (8('(' puge 12), we fee l tha t this is 
the in fo rmation thnt is most lI8(!ful 
to the d(,l'ad(--oox uscr who usually 
wa"t.~ to know that his decade is better 
than somI' stat~'(1 accuracy a nd will 
rema in that WIlY, We also WUllt to poin t 
out thnt 11'(, ff'C1 that this new >;pedfira
lion rt' maills l'OD&,rvativ('. Ou r rceords 
8how that we eould have improv('d ou r 

Trpl 1432.T 
1I .. 1""r 

specitieatiolls withou t llCtually improv
ing the stabili ty of the resistors a nd 
s till have a reasonably low rate of 
returned bOXC8 under our warranty. 
I lowevcr, we feci that our customers 
have developed , ol'er the yenrs , Ii high 
ronfi dcllce in the specificat ions of our 
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impedance stll ndurds of all typC!;, [ln d 
we wnn t to be wry careful not io de
stroy ! his confidence by spec'ifying 
our units t.oo clo.'wly. Therefor<', we 
waited \llltil w() bad madc defin ite im
provements in our resislante units to 
ell80ure thAt a cloi:ier tolerall c-e wOllld 
still be n conservativc !'<pecificatioll . 

fn the smull percent.ugc of decade 
resistors that lllwe b('cil returncd be
cause t hey were out of tolerance, lhe 
diffi culty has often oC'(' llred i ll the 
1000hm'3-!X'r-stcp decade. For a Iluml:wr 
of frosons, this resistor has becll a 
part icu larly awkward value to ml\ke. 
The llew boxes use IO-ohm un its of a 
new dcsigu that has been tested under 
extreme conditions and has proved to 
hold its specifi('ations as well as resis tors 
of olher vl4lucs. 

Anothcr import.nnt improvctnrnt in 
the new dccadcR is the reducr'd l.cro 
resistlmce, whieh is IIOW typi c»!!y I 
milliohm prr diuL This is made pos
sible by t he usc of a sih-er overlay 
Oil the switch cont..'tct 5 1 uds ill all 
posit ions where the switch rcsistal1c(' 
nfff'cts e ither the J'{'sista nce accuracy or 
t he zero resistnlH'('. This overlay 1I0t 
only improvcs the ini! inl l.ero rc~ i s tallcc 
but it also is much les~ flusccptible 
to long-term contaminatiOIl, which wus 
occasionally a problem with the older 
boxes jf they were left for some time 

O CT OBE R 1 9 65 ~ 

ill il. humid or t'olTosiv{' Clwironnwni . 
Long- tNm te~ t s in a \'ul'iety uf gns 
mixturt,s discolored the nell' contlu·ts in 
sump (·a:-;cs bllt made JH·gligihlt, (' hangc 
in their eOlllu('t r{'!S-istmL('c. 

A third impl"Ovcml'nt is tile tlf;(' of it 

solid-copper ulloy for t hI' hody of the 
Linding I.IO.qts. This f{':u\lr(> is purti ~·u

larly importanf. fo r low-\evel de- applica
t ion;.;, when' lhe thermal eillf from 
copper wir(' t.o a binding po~t of allot her 
metal could n'sult in npprc!'iablc error::. 
T hese new bind ing POf; tfl nrc gold-plated 
to 1I\'oi{1 corro:,iOl1, and this a lso di.;
tinguishcs the Ilf'W decad£' hoxf'ij from 
the oldN ml)dt' Ii:i. Actually, t hc new 
switch f'o ntad.s and resistor units ha ve 
becn ill miC forsoml' ti mc, but . oftida lly, 
til(' ncl\' spel' itj ("ntion s apply only to 
units with gold-pllltcd binding po::.ts. 

With tbe illtrodUl'tioll of th!' new 
T HE 14:1.t scries of dCI'lldc n':;istors 
(S('(' J)lIgr 8) Oll r C'l ls t(llll('rs now havc I~ 

choicc bet\\,l'cn Iwo S/.' ri r'i< of rI'sistancc 
boxes. T h!' IlI'W, 1f'1!S ('xpclIsi\'e units are 
rocomml'lldcd primarily for circu it de
sign work and other Uppliel\t ions where 
thc utml)st in fU'Cllr!lf'y is not requ irf'ci. 
\\'e l"e ("o mmt'nd the impro\'cd TYP E 
14:12 rcsi:< tor;: for :lpplie!ltions whrre n 
decade box is uscd as all ndju!S- tablc 
resistance standard, or when> addilional 
ac-cumcy ill the dec'ade could imp rove 
uccurlH'y of a meas'11r{,lllrllts syRf cm. 

NEW SPECifiCATIONS 

(for comp lete specifications, see Catalo g 5, 
pp 203 and 204.) 

l ong _Te.m Accu,ocy , Nle table at ri!!:ht . Ollr 
general L"·Q-yMr warranty :'JlI'I;1'I! t,) lhc80~ 
tolOt:'lnOOll nnteS!! th<.> uuiL is liarnnl(l'(t by 
excc8!livll cur ren t. 'l'tlIcnlnCC shown llPII1iell to 
bolh resiat.nnce inCn'lucIlle and lotllt T<.-Silltl'IlL'<l 
a.fWr correction for zcro resist.ance. 
Ie .... Re. I"once: 1 mil per liiHo! :., dl'; 40 mf! 
per dbt nt I ~lc/lI: prOI>()rtiOllnll<l !KIlian ' rOot 
of frCt\ucncy a t nil frefl\l('ncic~ IlUoVI! 100 kc / s. 

!(f~i~ 'allrl' P, r SI'J) 
(.1H) Ohms 

0.01 
0.1 
1 

10 
100 

1000 
10,000 

100,000 
1,000,000 

± '% 
±0.5% 
±0.15% 
±0.050/0 
±0.025% 
±0.02.5% 
±0.02~% 
±0.02~% 
±0.015% 
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('otalog No. of Priu 
Num~ Tolal Ohrnll Mu/lilJ/1J oj Dial3 in USA 

1432·9721 Typ. 1432·0 111.1 0.01 ohm , $ 91.00 
1432.9711 Typ. 143'2·K 1111 0.1 , 102.00 
1432·9710 Typ. 1432.J 11,110 I , 110.00 
1431·9712 Typ. 1432_l 111,100 10 , 116.00 
1432·9717 Typ. 143'2-0 1,111,000 100 , 127.00 
1"32.9720 Typ. 1432·T 1111.1 0.01 , 124.00 
1"32·971" Type 1432.N 11,111 0.1 , 128.00 
'''23·9713 Typ. 143'2.M 111,110 I , 139,00 
'''32.9716 Typ. 1"32_' 1,111,100 10 , 154.00 
'.32·972.5 Type 1432_1' 11,111,000 100 , 229.00 
1432·9723 Typ. 1432. W 11,111.1 0.01 • 1$8.00 
1.32·972" Typ. 1432·X 111.111 0.1 • 165.00 
U32·9702 Type '432.8 1,111,110 I • 115.00 
1"32.9726 Typ. 1432.2 11,111,100 10 • 262.00 

Cal<dog TWil Reri~jollU Pri~ 
.VUIIIM Oh~ in USA 

0.510·91106 Typ.510.AA 0.1 $19.50 
0.510·9701 Typ.510_A I 15.00 
0.510.9702 Typ.510·8 10 21.50 
0.510·9703 Typ. 510.C 100 23.50 
0.510·970" Typ.510-D 1000 24.00 
0.510·970.5 Typ • .510-1: 10,000 24.00 
0.510.9706 Typ. 510-F 100,000 21.00 
0.510·9707 Type 510. 0 1,000,000 35.00 
0510·9708 Typ.510_H 10,000,000 98.00 

typ.5 10_8 0.510·960" Typ. 510.,4 Switch only 11.00 
Decode-R .. ,.lortu Onil 0.510·9.511 Typ.510_""l Switch ortly 12.00 

A NEW LINE OF 
INEXPENSIVE DECADE·RESIST ANCE BOXES 

As the accuraries of decade rf'sistors 
increase with the state of th(' art it is 
almost ine\'itable that decade-oox prices 
increase also, as a result of the addi
tional procedures necessary to achieve 
this better accuracy I\nd its required 
stability. However, it is apparent that 
FIg,,'e 1. (.i"ht) Typ. 1434. QC 
O.cod. Ruillo. I"dud .. ° con· 
li .. uou.'y "o.lobl. IOO-ohm , 1._ 
me .. , { ... ' .. m. rlghl.hortd dial) . 
{btllow) The 7.dlol Typ. 1434.0 
Oecad. Rul"o. co .. b. un d on 
Ih. b. nch Or In ° rock. I'ho'o,.opl"> 
IhoWI box wllh rack-moun' hard
wa .. o"oched. 

many decade-box applicat ions do not 
re(Juire extreme Ilccuracy. One such 
application would be in the determina· 
tion of re::;istor values in the defOign of 
electronic circuits. For this and many 
other uses 0.05% accuraey is sufficient, 
and such features as lower cost, smaller 
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size, and increased readability are more 
,... welcome impro\'ements than n closer 

tolerance. 
The new TYPE 1434 Decade Res.istors 

were designed for these appli cations. 
They are small a nd ligh t in weight tor 
convenient use on the designer's bench, 
and they have a bold iu·Jine readout 
that is easily interpreted. In addition 
to three conventional five-d igit boxes, 
two somewhat-differell t mod els are 
olTered. Oue of these, with rom digits 
plus a l{)(k)hm rheostat, 8bould ~ 
particularly useful in circuit-desigll 
work, for i t has 8 maximum selting of 
over a megohm with II. resolution of 
better than one ohm. This is adequate 
for sim ulating most re~ istors llsed III 
low-power transistor circuitry, 

The larger, sevcll-<iial box goes to 
over a megohm with a.l-ohm steps. 
The panel is relay-rack height (3~ 

,... inches) flnd with supplied hardware 
forms 0 neat rack-mounted unit. It. also 
has provision for fenr connections !'IO 
that ill fI. it'lay-rnck it ca ll be wired into 
systems without wiN'S visible from Ih(' 
panel. 

The cost of thCRC boxes is low com
pured wilh that of similar units, not 

,. 
• • , 

w 
u • 
z 
~ , 
0 , 
;::, 
~ . , 

•• II '.""" X 
S E TT I N G II!!!:Zl 

,.... FIIU •• 2 . u ... lh of poulbl . . .. I",,"u iu ... p d ur in, 
•• I,<hl". f •• ° 1_2·4.4 cam bl"",lon. n" 'y'it ... 

", 1'1 ...... l " void . , II ... i ...... p •• 

OC TO BER 19 6, I~ , 

because the resistors nre of lower 
quali ty but bc~ausc fewer re!';istors a re 
usro. 'The resistors nrc similllr to those 
used in our p",cisioll boxcs (see page G) 
but only six units per decade are used, 
instead of the lISllal ten, 

Anyone fa miliar with the simplest 
binary logic cou ld dC!ligo a decade \\·ith 
only four rcsistors, and most ca
pncitance and illdu('tanC(' decudes Rre 
de<!igned thiR way. 1I0we\"cr, if only 
fou r componcnts p<'r decade are used, 
there has to be som(> switchi ng irregu
lnri ty. "or cxa mple, ill a se rics l-2-4-4 
scheme it is impossible to switch out 
the I and 2 uoit}; and switch ill the " 
unit at exactly the 8.'lme time. The 
total resistnncc will jump during the 
switching pfO('('SS to 8 vlI llle below 3 
oh ms or to a vu llle above -I ohms. The 
limits of po!tSihlf' 1'Iwitehillg jump a re 
shown in figll", 2. Such n <:itmltion is 
tolf'fnble in caplici tJl ll f:e und inductAnce 
boxes, but ill muny resist.noce-box 
applications nil UIlC.,\peCted jump in 
rc5ista ll ('(i' \'a lue might cauS£' da mage 
to an cle('tronic COm l)Ollcnt. T hiR ~ou ld 

huppen, for instunce, if such a decade 
resistor were being 11&'<.1 to set the bias 
Ic\'cl on a power tml}Ri~tor opt'ratinf!: 
ncar its roting. 

The s.ix-iC<!istor scheme used has 
none of these switching jump'! and 
thereforf' ad.s as if ten Tf',siStofS were 
u!"('(l. Basicall.v, t he mcthod is that 
of Bchr and Tarpleyl , but modern 
switches have mndc tht" prncticn l real
ization of the sch('me much simpler 
than thnt of their original dcscription in 
which some of lh(' rel'istors had t () 

chunge physical position . In this s('heme 
six resistors aN' used. PRell with Il value 
of t.wo unit.'J of rcsi!l.tan('f'. Five of tbes(> 

, s."" _lid TItJll~)'. r. ... "tJ •• ". of.A< I HI'. ,'n! :ffi, 1101 
U93~)' 
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GENERA L R ADIO EXPERIMENTER 

Fill ''''. 3. Olo'g,om of Iho sw ilchlng 
o.,o'.m uud 10. Ih. 6_ ... 1010' 
deco d •. Swi lch position oho w n 

is 3 R. 

, 
• 

, , , , \ I I l!!lEll • • 
arc cOnnccted III series and gi\'c the 
even values. The sixth resistor is used 
to get the odd values by shun ting one 
of the other five, as .. hown in Figure 3. 
To avoid R r{'sistan{'t' jump till' sLxth 
resistor is put in place before it is used. 

A minor limit.'ltion to this scheme 
is t.he slightly reduced maxi mum cur
rent spccificntioll. Because tht' resistor 
unit.'S ha ve the sa me power ruling as do 
those used in Ollf THE 14;~2 boxes, but 
ha\'e twic-e the resigt,ance va lu{' , th(' 
maxi mum current is reduced by Il v'2*. 
We fCI'1 that this limi tation is uuim
portant because most modern solid
stntc circuitry di!'sipates such very 
little power. 

T o ensure long Ufc and low 7.oro
rCRista nee, solid-sil ver switch rotors 
nnd (;onwrts are us(>d , a ll switching 
funrtions are duplicated. and, in the 
ze ro position , the s\\"ikhing i~ rcpentl'd 
four times in parallel. While the result
ing "zero resista ncet' specificat ion is 
not so good as it is for the Dew T YI'E 
14~2 Decade Resistors, which lise an 
improved verJ;.ion of the TYPE .110 
Decade Switch (sec page 6), it is a t 

least. as good :lS that of fanner vcrsions 
of this swit.ch (2 milliohms/ dial ). 

Decade boxes ill t.he I.,\:H series nre 
limited to those lIsing dccad{'s with 
steps of 0.\ ohm to steps of 100 kil
ohms. Lower-resist1Ulce steps arc pos
sible, hut the need fo r them is relnti vely 
rare, and slLch uni ts are more satis
facto ry wit.h the THE ,')10 switch, which 
is used ill lhe THE 14:32 Decade 
Ill'sistors. One-megohm-pcr-step units 
are also less popular, and the saving in 
cost through the usc of six re~istors 
di;;appea rs, because the cost depeuds 
largl' ly 011 the amount of wire used r' 
a nd would actually be highcr Jor the 
six-f{'sistor scheme, whirh uses a tota l 
of 12 megohms. We recommcnd tha t. 
the TYN; 1432 Decade Resistors be 
used whell these very-low and very-h igh 
ranges arc required. 

We recommend these new boxes for 
genoml use when the utmost. in ac
cu racy and low zero-resistance are not 
requi red and whcn the resistauce range 
is limited to O. J ohm to I megohm. They 
have the important advantages of 
reduced size nnd low cost OVl'r ou r '1'\'1' 1': 

Hl2 boxes and other similar units. 
- H Et'o'RY P. H.H.L 

SPECIFICATIONS 

10 

l ong .h.m A.cura c." See Tl1ble t. Our geneml 
tWO-\'ca r wlLrr~nLy tlppliCl! to lhl'!IC tolertlllt'tl8 
unleSs the rl'1li8tor is damaged b~' eXCO'SlIivc 
current. T(Jlernnce shown !lppIiE~ to buth resist .. 
anN~ increments nnd total rl'8islt\oce lifter eor
n:ctiun for :teri) retlilllll llce. 
lira R . ...... n • • : Approximately 2 mO pe r dial 

a.t low frequencies except for the TYPE 1434-QC 
for ""hich it i! approximately 30 mfl. 
Maximum Cu.-en t : See tftb1c; these vnlucs nlso 
appellr on the panel of e!lch dceade box. Whcn 
thill ffi!lximllm current is pll-'lSlXl thr(Ju\l:h 0. r 
decade, the temp<JT!lry chunge in value Will be 
le89 than the llt'{:Urtl.C), ~pcd lkatioLl . Curren ts 
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- Rppnldllbly higher lIUll! this "ill CIIIIlIC perma
nent ehungt'8. 

Tolnl /{t-tU/'
""" oj DUlIlle 

'" 10 \I 
100 II , ., 

10 lUI 
100 Idl 

"'" lOG.!! Rhea.to'· 

TAIIU I 

Rtlli3lllllr'e !.MfJ-Tt"''' f MII:T. 
I'" """ I Aoc","'1I' C.""., 
0.111 ±2.0% I A 
1.0 \I ±O.2S% 0.3 A 
10 II ±0.07% 160 ...... 

100 \I ±-0.05% 50 ",A 
1.n ±O.05% 16 m" 

10 kll :::1:0.05% S mA 
100 Idl :::1:0.05% 1.6m.4. 

I nIdi. :::1:1 11 200 mA 

• Atlo .. O/UtT1IIIl. and low f""lIl"'C;e., 
"U...t in Tvp", 1U4..QC. 

,. .... pe'olv •• C .. e ffi,l.,nl , 1.c!18 than ± 10 I'I)[n fOC 
Ilt room Wtnllcfllture, IlXL-ept. for the [ow-vnlued 
unita where lim O.4',i>/"C temperlltUte wcffi
clent of the tero rcsiat.nnce must be "flded. 
F'.qu,n<y ChO,aCl.,I,lIu , Generally siJr'1illlr to 
t.hose of the Tn'!=: 1432 Dcende lWlIiswn>. 

Cnlllll)fJ 
Num.ber Ihuriplion 

143-4_971" Typ. U34-N Dec .. d. _ .. 1510. 
143 • • 97\3 T,p. IU4· M D. cod. Rnlst ... 
1.(3.(.'716 Typ. 1434- r D .. "d. 11 .. 15'0. 
1434 •• 576 Typ. U34_0C Du"d. 11.11,1 ... 
1434-9107 typ. Ul4_G D. COId . _ .. llIor 

X IS 10 

On our new T 1'J'f: 1434 Decade fie
sisto"', as on scveral other of our new 
instrume.nts that. have a digital readout, 
we. have adopted the convention of 
usiug an X to df'lIole 11 10. Thanks to 
the Homans, we have & couple of thou
sand years prcccdrnt. for this use even 
though X-is~ I O-tinlism is a rothcr mod 
ern philosophy. 

This convention is most. useful. For 
example, most dl'('nde boxes have 
always included a 10 setting in order to 
facilitate adjustmcnL'i Hcar a seUing of 
any "round" number. Consider the 
number of adjustments necc~ry to go 

~ from 49W9 to 50000 if the maximum 
value on caeh dial wcre O. If the last 

OCTOIIII: 1965 

SwU<has: i\ l ultilllo:, IlUlid.flilvel'-l1lloy swit.chCII 
IU'C uacd 1.0 obtain 10'" l.nd stable zero rcsist.
lUll 'e. 

'-""'nal., J"I'k_LoIJ hindin!l;]')06\..8 (Tn·!,; !l3S-!\) 
011 stll.",Jard 3,_ilwh !ljJlI.("iuR. A !Shield WrminaJ 
i!S uilll' jl(Uvi(j(od. Th~' Tn); 14:H-(i IUIII lug 
conneeli(JIU> ''''~fllliblt· frolll the rear. 
,",o" .. 'i"II ' All ~ype!l CX~flt. the Tnt; 14:H-f: 
ure in ,nHut cabinets fOr henrh IIIII'. The T YI'J,; 
I I:,"I.() 19 atlJll UcsigrH.>d fur bench UIIC l)IIl, .... ilil 
tlu:: fl.tlditiull uf m(lllntill)! 11l1rU""Urt:', ber'(l"\c~ a 
;Pi-in high, HI-in rt:!ay-rnck unit. 
01 ..... ,.10 .... Ty ,'''' 14:W-:\I, N, P, QC - width 
II~, heiJdlt 2":, depth '11;( inc/It" (m, W, 
110 mm );"TYN; 14:t-l-G (I)("IIch) - width 17H e, 
hcight. :J I~, depth 5 indll." (442, 8!l( no 111111); 
'!'yrJl 14:1-1-(: (nick) - widl,h I!l, lcight :1"'-1, 
depth Ill-hind Ilnnel, :\'"2 indICa (-IB.';, 8!1, 8!) mill) 
Net Weigh!, TYr-l: 1-I:J4_M, N, P, QC, a Ib 
(104 kg); TY"J; 11:\4-(;,6 Jb (2.8 kg). 
Shlppl .. g W.lghl : TYI't: II:i4-:\ I, N, I', QC, 4 Ib 
(I.!) kg); TYI'It 1-I31..(J, 7 III (:1.2 kg). 

7'1)/4/ UeriHlllIrCt: N"m~, oj I'rice 
UtlJi:!14nu I'u Sl~ DU(lflel/ in. USA 

11,111 0.\ 1I , $ 99.00 
1\1,110 1.0 II , I 10'.00 

1,111,100 " " 
, 113.00 

1.111,105 , il/d,_ 4+rh.o,lal 101.00 
1,111 ,111 0.1 n 7 155.00 

digit wcnt, to 10, only o ne tlial wou ld 
have to he adjusted. Howeve.r, if the 
readout. is in line, as is 1I0W POpUlllf, 
this would result in successive readings 
of ·H)!)90 and "n091O, which is wrong by 
u fartor of 10. Clearly, oome other sym
hoi, such us X, is N'quired to denote 
10 to avoid adding the extt'd digit. 

Some practi('e is requ ired to convert 
numbers IIRing the X into conventiona l 
numbef$. We suggf'st that. data be 
t.akcn ju~t IlA it appef.lrtl on th(' readout 
a nd cQllversion carried out later. This 
not on ly avoids making misUikca that 
cannot. IX' cheeked later but. a lso 
records the exact dia l setting, which 
may be important. ill precisioll work. 

11 
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GENEItA l R ADIO EXPER IMENTER 

DECADE-RESISTOR ACCURACY SPECIFICATIONS -

GUIlI:ral Radio lI'c1comCi>, and is 
participating in. the efforts to pro
duce inuustry stnndnrds for the 
writing of specifications for decade 
boxes and rein ted devices. I n the 
meantime the pro8pcctivc pur
chaser is faced with comparing t he 
published specifications of different 
manufacturers and SOOIl begins to 
suspect that. although the same 
words are being used, the meanings 
of the words nre not necessarily the 
same. 

Many different terms nre used to 
express the accuracy of decade 
resistors. Among them are "initial 
accllraeyt "accuraoy of adjust
ment, 'I " calibration accuracy," nod 
just plain "aocuracy." We have 
chosen the term" long-t.crm accu
racy " because we feel that this is 
the specification that is most in
formative and useful. 

111 most applications the user of a 
decade resistance box doesn't wallt 
to lOOK at a correctiOIl chart (as be 
might for 1\ single standard resistor) 
and then t.o calculate the corrected 
value for auy setting. AJso he is 
not partiell.lariy illterest.ed in what 
the accuracy was before the box 
was shipped to him, and the simple, 
lmmodificd term "a.ccuracy" leads 
to the question of <lfor how long ". 
I nstead, he would like to pick up iI. 
decade hox and have high con
fidence that it is within a given 
tolerance. 

By the adjective "long-term II 
we mean two th ings. First, OR 
decade boxes, like nil C It instru
ments, arc sold under a two-year 
warranty . If a decade box is re
turned hecause it hi out.side specifi
cations (without evidellce of over
load or other abuse) within two 

years, we will repa ir and readjust 
it at no eharge~. Secondly, our 
experience indicates that our de
cade boxes will hold their specifica
t ion for many more years, because 
wire-wound resiston:! almost always 
exhibit their greatest changes early 
in their life. Therefore, if the 
accuracy of a decade resistor is 
conservatively rated for a t wo-year 
warranty, it probably will be within 
this 8pecification for many more 
years. 

Obviollsly. ~he conditions of 
measurement have to be explailled, 
and ollr wording of the specifica
tion paragraphs is a n attempt to 
clarify these conditions. 

"I'he accuracy we rcfer to is the 
accuracy of t.he resistance difference 
between any arbitrary setting a nd 
t he zero setting. r t is ne~eSS:J.ry to 
take this difference not only be
cause of the residual" zero resist
ance" of the decade box (a maxi
mum value is specified ) but also 
because of the resistance of a ny 
external connecting leads, which, 
in most cases, will be much larger. 
The accuracy stntement also ap
plies to each separate resistor so 
that the difference between any two 
settings on a. given dial is accurate 
to the stated tolerance. 'i' his ac
curacy refers to measurements 
made Il t room temperature (23"C), 
at low power, a nd at dc or a low 
frequency. T he effects of ambient 
tempcratur~, tl pplietl power, and 
frequency are given elsewhere in 
the specification a nd shou ld be 
added to the accuracy tolerance to 
obtain the tolerance under any 
specific condi tion. 

• 9ubj",,~ t.I:I Ih .. condi tionl ~t .. w in ",,. n .. " d.,d 
""'rranW. 

I ~ 
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14-<18 (5X) ATTENUATOR 

A calibrated fixed attenus.t.or is a 
convenient device for accurate voltage 
divigion in measurement or test sys
tems. In pulse work, moreover, it is 
important that. the division be accom
plished without deterioration in rise
time performance. 

A recent addition to the GR874 
coaxial attenuator line that very nicely 
meets this criterion in the TYPE 

874-GI4 , a 14-dB unit that gives a 5X 
voltage division. It rounds out the line 

11+==1::4 :'~T1 
:!O lt ,.,. iii' ,1I(QU(JO~y -.... tI!!!5:iaI 

in the 10:1,5 :1, and 2 :1 divis.ion ratios 
popular with oscilloscope and other 
puise-equipment. users. 

Like the familiar TYPE 874-06 (2X) 
and TYPE 874-020 (lOX) Attenuators, 

fi..... . 2 . Voilo • • ·.'O.III . 
h •• _wov. • .. ,1" v. f .. _ 

...... "cy. 

0 " 
, .~ 

0 , 

it is a 5O-ohm T-network fitted with 
the OR8i", Coaxia l COllnectors. The 
network clements Ilrc carbOIl -film re
sistors, for superior pcrform.a.nce in 
handling high-power pulses, and resist,... 
unce values arc held to within ± 1 %. 

As can be seen from Figure I, the 
frequency response of attenuation is 
quite fiat. This fuet, coupled with the 
low-vswlt obUlinablc tbrough the usc 
of the G RS74 Connector (as shown in 
Figure 2), makes thcse unilil attractive 
for pulse appHcativlls all the way up 
to the rractional-nunosecond-nse-time 
category. 

Another important use of attenuators 
is found in coa.xial systems for, measur
ing powcr, impedance, and \'S\\'1\. At
teouators are used to match generntor 
and detector to the .'lO-ohm line im
,>ooance and to isolate the generator 
from the measuring circuit to prevent 
changes in load from reacting upon the 
amplitude and frequency of the gen-
erator. - J . Zonzy 

II'(ClflUnOlt L_ I 
\. , 

./ 'Tt...~ 
I 

• 

C(l.wtog Number Ducriplion Pric~ in US A 
-::::08~7!'~.'~':60=:"--l-::T-"-'-'=7C'-.O=,c.c,c.:.,C'::'''=X::J::'C" C,=,c.C.C,C.-,C.,C.-, -t--'--.c;;uo.oo 
u . 8. ,,*laI.~ No. 2.~8.4"'7 
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GENE ... l ... 01 0 EX PElt IM E N TE. 

TYPE 874-BBl CONNECTOR 

A f('w YCllrs ago fl locking vcrsion of 
the GRS74 Conncdor, fully compatible 
witll the Ilonlocking connector yet. re
taining the hermaphrodite fca.t.ure, WfiS 

introduced to provide all electrica lly 
and mechan.ically s table conncction and 
to minimize leakage. While retaining 
all these cbaractcrislics, t.he Tn'}: 
871-BBL Connector, the latest addit.ion 
to the G R874 connector i'lCries, has a 
lower vswn over all extcnded frequency 
mllge, with improved reliabi lity a nd 
tclX'atabilit.y of connc("tiOll. 

The Tn.; 871-BBL Conllcctor, 
shown above, r<!plflC1's the Typt; 87-1-81 . 
connector for usc on rigid 5O-ohm air 
linCH. Dimensionally t.he same, it elUl 
be distinguished by a grey (vs clear) 
bead support and till inner conductor 
with coated threflds. Typical \'SWI! 

performance of thc TYI'E 874-BBL 
Connector ovcr the 0- to 9-GHz range 
is shown in Figure I. 

The cxt{'f1ded frequency range and 
improved performance are a direct 
result of two factors. First, the new 
polystyrene-bead stlPl>ort is specially 
compensated. The second improvement 

.. " 
1.06 

• • • >1.04 

.• , 

. '" 

f----- TYPICAL. VSIfIIR PERFORM.of<tCE 
Of TllE TYPE 874-BBL 

• , , • , 
f~EOUENCY ~ OHl 

factor is the ncw inner-eonductor lock· 
ing arra ngemcnt, achieved by addi t ion 
of II. coating of lead-tin on thc 8-32 
thread of the connector inner COIl ~ 

ductor. When the conncetor in ner 
conductor is thrclldcd in to the air- line 
iU licr conductor, the coating acts as 
a scmipliable fi llet. It prodlH.'cs a very 
rel iable clcctrical contact with a 
mef·hanicu l lock (of a bout 4 in ch-pounds 
of torque) thnt prevcnts loosen ing of 
the inner-conductor joint. 

Typica l \'SWR repeatabili ty when the 
connector jUIl(·tioll is repclltcd ly made 
and broken. for direct a nd ISO° relative 
oril' lI tation of I he nmting connectors 
and c,.xtre mes of rel ative rotationa l 
play betwccn the mat ing connectors, 
is shown in Figure 2. Typical phase 
rcl~at.ab i lity (va riation ill elcctrica l 
length) under similar conditions is 
shown in Figure 3. This bitter chur
actcristic is of pri ncipal importa ncf> in 
phasc-mctl.suring systems, indlLding 
phaliCd-army radar systems, wil (,11 dis
connection and recOllnection of COIl
ncctor jUllctions in the phase-informa
tion pa ths must be made. 

/ 
/ 

• , 

---

• , 

~ I"",o I . Plot 0' 
vsw . .... " ........ c, 
,., • ',plcol mo'o. 
pol. 0' Typ. 114_SS L 
Co." lol Conn.cto, • . 

• 
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Fig ... e 2. Repealt,blll ly, II , 0 
_ ' ''ndi''n .. f f. eque ncy, .. f Ihe 

V5WR w hen Ihe ... nne.lion I, 
"pe .. ledly m ode "nd b . ... en , I ... 
di.e. , and 180 · . e lal; ve a rie nla_ 

li .. n 01 Ih . co .. necl ... I. 

GHS7-1 Connectors arC used widely 
on ffist-risc-time pulse equipment. in
cluding time-domain refiedomf'lers. J I) 
t hose nppl icntions, whem it if> impor
tant that reflections from the COlli Ice

tors be smull, the TYI'~; B7·I-OUL Con
nectors arc rc(·ommcllded. Figure -I 
shows a recording of a timc-domaill 
reflectomctcr display for a pa ir of 
THE 874-llBL Con ncctors inserted 

Flgu •• 3. Pha .. _,hl ft r.p .olobillt y .. nde. l ome 
... ndillo nl. 

OC TO BER 19 65 

between two a ir-lin£' :wctiolls that are 
equipped lI'ith OHOOO I'rcd ;.: ion Coaxial 
COIlIJ('ctorii. 

Hcquired dimen:>ions fo r the air-line 
Olllf'r and inllf'r ('ollduetors, for proprr 
moullting of the COIltl('(>to r, nrc shown 
in Figllr(> .i. '1'11'0 significant chulll;CS 

(vs tllC T n'E 87·1- B1 ,) hal 'C' beel) mnde 
in the preparatioll of thc inr1f'J" eon
ductor. Th£' 0.1 tt2-inch diameter step is 
needed to arliicn' the clcctricai per
formance indicated. Thc O.l -II -inch 
diameter is required for prop£'r mcc hun
ictl.l fit hctwCCIl the connector in ncr 
conductor und the nir-line inner COIl
ductor. 

fi ll " ' . 4 . Tl me_d .. maln .. fl eel .. me le •• ec ... d I ... 0 poi. of Type 874_BBl C .... "i .. 1 ~ .. nn e<lo.1 Inler/ed 
b , lween t w .. ol._lin . uc,lon ' eq .. lpped wi,h GR900 P.eci li .. n Co .. "lol C .. nn •• ' .. , •• 

Flou.t 5. Inllol1oll .... dlme nl l .... ' , ... 
Typt a74-BBl Coa"lal Ce .. ne.to •. E .. dl 

of pl t . t l , ha .. ld b , 1I ... h, wllhl .. ! ~.oo.. 
Inch. Allow ml .. lm .. m el 0 . .531 Inch .. , 
... "ob'I ... ctt d I .. blno 10 pe.mll m .. u .. t lng 
01 lo.klnll .... I . All dlm, nl lon, 0 .. In 

I .. ch ... 

0'''",,'''_ 

.-~ n .. "-OWI ..... cu. 
'-~""·n ' ...... OI .. 

Olt;> !JC ... 

'O""""-OW' 
,_I" 

o.ru~ GIIOC,"E ,-
Ol!lt~ DUP 

('U/('/o9 l\'lIm1If'C' _ ---1f-____ ,--c'C' C"Cm-'.C:PC"C·,_"_-,-
0874-940 3 Type 874 -88l C .. nn.e'o" I .. cking 

I "ri"e ill CS. I 

r-U.25 
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This new. 16-page. illustrated booklet 
describes some of many ways that the 
GR Variac'!l adj ustable autotrans
form er is used in laboratories. fac
tories, and educational institutions
for plastic molding. stage lighting, 
vacuum coating. distillation, packag
ing, speed control, electrical testing, 
and temperature cont rol. Free on re
quest - write for your copy today. 
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