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NEW GR900 COMPONENTS 

The GR900 Clnd GRB? 4 lines of coaxiol 
devices continue 10 expand. The GR900 
14-mm preci~ion connector is already 
backed up by the most extensive line of 
precision components ovoiloble, ond we 
now odd a precision ell, 13·inch sections of 
inner-conductor rod for use in fabricating 
precision air lines, and adaptors 10 7 -rnm 
precision conneclors. 
To the long-populor GR874 line we odd a 
bios insertion unil, rod and lube for fobri. 
coting Ojf lines, a keyed ponel connector, 
and several new adaptors. 

PRECISION ELL 

Figur . 1. 

I n prcc i ~ion cOllxiul measu ring sys­
te m>!. the s imple mutter of going uround 
corners is not SO simple, and very cnrc· 
ful de;:ign j" ncccSSll ry to achieve a 
righlrlUlglc turn that will not introduce 
reflections. With the introduction o f a 
G R!)OO prt'(' isioll e ll, it. is now possible 
to make n !Xl-degree turn with a 
residual vswn of less than 1.01 at. 1 .. } 
G Hz and leS!! t han 1.02 at. 4 (1Hz. 

The change in direc tion takes place 
in 11 transm ission line whose nxis de­
sc ribes a 00° ("in'ular ar{". The uniformly 
varying ehange in direction a long t he 
a rc results ill an essentially uniform 
characteris tic impedance. 

':I.u •• 2. VSWR charac",;"I .. of 
p.uhlon .11. 

I n the ('u rv('d N'gion of the ell , til(' 
conti uetors hav(' squaN' (' ro~., M'(, tions. 
Whert' t hcM' st'(,tiol1s join the s tandard 
1 I-mm IiII(' of rou nd ('rof;.<; St,t,t ions, 
coplamlr eo mpc nsation is employed. 
'I'll(' cll is, of course, equipped wit h 
(; U!)(I() pr('"t'ision conllet'lOI"$. 

The {'i('('trira! l('"ngt h of thC' {' II i ~ 

nominolly t{) em. hut, I)("':lll;;;{' of tilt' 
fi ni te ('u rvulu f('". the ('!t'('lr i""l 1(,llgth 
inerf'a.'il':> with iIWff'a;: illg fn'tlllelH·Y. 

Uses 

The (']1 is ('spc" itll\y lIs{'ful ill fioystC' Tll >; 
in \·ol \'ing ('o mpl£'x in I1'rc'onlle,'t ions 
wht'fC it. i5 neef'SSUfy to miu imize 
reflertiollS8 nd to mnintnin phn.<;r linear­
it.y as, for instanre, in prcci.,ioll pha>le­
and uLt('lwll.lioll-mcasuring syst<.'Tns. 

For ml'ltsu remC'nts of ditlectric prop­
erties with tlw lXX)-LB S lotted Line,' 
it is not a lways convenient to,conllect 
the sa mple holder direel ly 'to the 
slotted lin(' . If, fo r insta nc£', t hc 
dielcct ric to 1)(' measured is a lifju id, 
l he sample hold er lIsually must be 
verticn!. Vertical orientnli{)n is also 
oft<.'11 IlCt'cssary for Slunple holders 
placed in t'1l\'ironmC'ntal cha mbel'$!. In 
such applirutiolls t he ell connects the 
sa mple holder to t he slotted line wit.h 
very lit.tle loss ill uceuracy. 

' J . F. Oil",o"" •. M~...., .... ","""" or Diel"",,;., ~latrfiAIa 
"'ilh lbr P ..... ioion SIOll.fld Lior ," a ........ t RaJ'Q KZfK'" 
_"'c', May I~, 

FR[QU£NCY-Gtil 
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the !;jExpe rimente r 

SPECIFICATIONS 

F.e<! .... " • .,. I .. ",,, lk to 8.5 C l lI, 
Ch .. , .. . , • • f" f. Lrnped .. " u, 50 11 ±O, Vi nt fN'-
(Iu('(wil'tl "het'(' IIkin dTect ill l1elCliKihll', 
V5WI : i.eM lhnn I.00L + O.OOI/"M" :il'I' ('urVl'. 
EL.ct, L ... L L. ",th , (10.00 + 0.0014 (Jaw • ., ;I: 
0.02) em, 
I",. ,IL .. " L .... , LI'I!8 than 0.017 , 'I ..... dU. 
M." rn .. rn \1.11. , ., 1500 r peak, 

M .... ' rn .. rn , . ... . " 10 k\\ ul' 10 I ~ lI h; 

10 kW/ , II,.", ll.!)"ve 1 :\1111., 
M.Il", Olm. " ,I .. " " 2.0f1.li in. ( .... 2 L6 I'm) fT1I1Il 
n'lI[e r Ii lit' or Ulle ".m,wdIJr ttl rdel't'llce ]Jlllne 
of 1I('00lld l'UnneelIJr. 

o~.,_.u Olrn. ",L .. ". , 2 II / lli by 2 ll/Ili hy 
7'1 in. ( liS by ns 11.1' 22 IIUI1 l. 
N. , W. I,ht, 10 O~ (280 11;). 

('(Ilalog 

N'lmhtr Ot¥'N pi/on 
/'nct 

In ('SA 

0900.9527 Trp. 9OO. H , •• d I L .. " 90~ Ell 5 110.00 

ADAPTORS TO 7-MM CONNECTORS 
TWI) IL('W ndaptol'8 JX'rmit. intercon­

IH'{'t ion of l i HOCIO nlld 7-m m ('oax inl 
{·()nll('etor.:;. 

Thl' '1', I'.; !)OO-QA P7 matt'" GHOOO 
wilh til(' .\mphenol APC-7 conneetor, 
and til{' T\I'.: OOO-Q I' F7 ml1t('~ aR!}()() 
with the Hohde & S('hwarz Prt'cifix A 
and Dezifh: A Connector:;. 

('(JJ(lWg 

S PECIF I CATION S 
F'.qu. ",y R .... g. , Dc to 8.5 ( a h. 
Ch. ,one,i .. l. 'rnll. d .. nc.: 50.0 \I nominal. 
VS WR , l...e&l [ Illm 1.00:' + 0.002 JlIM,. 
Mo .. ;rn u," VoLlog., 1000 V I)('nk. 

M .. Lrn .. m ""w.,, tJ k\\ ' ull to 1 :\ 1I1 :r.; 
6 kW I , I ... " /lhl/\'c I :'> l lh. 

Oi'". no i ... ., JA'IIli\lh 21~ in_ (til lIun ); max dia 
II" in_ (27 1"111). 
NOI W' i,h! : 3' ~ 01 (100 g ). 

,\" w,l~r /JfVrliHIOII 
/'riu 

Itl CS.I 

0900.9791 
0900·9793 

Typ. 900· 0 " ' 7 Ad.pl • • 10R900 10 ,,'C·n $11 0.00 
110.00 Tr p. 900. 0'H Ad.pl., 10R900 to Ouil'''' Pr.clfi. '" 

PRECISION INNER-CONDUCTOR RODS 
I'n'('i"ioll rod :liId tul}{' hlln., 1)('('11 

nvnilublc from Gil. for som(' timl' fo r 
the tu:slom fabrication of prec'i:;ioll 
air line~, sliding loads. s.'lmplc holdcn!, 
.'Ihort and open circuit:;, el(·. Tl1I' 
27·ineh prC'('i~ ion rod formerly illlpp(ied 
is now rl'piaccd by I :!-indl lengths, 
availu!'lt· in pair:; hy (' i1lnlog number 
OHOO·!).'j07. T he shorter lcngths allow 

u,.; to mainta in more rigid eon trol of 
crilicnl di mell.'lions. 

A limitl>U supply of tilt' o ld 2i-inch 
rods (Xo. O'JOO-n:)()8) i.'l st ill on hnnd, 
and thf':;£, longer rods will be shipPNI 
011 order IIntil, hr su pply is I'x hausted. 

Prcl'isiOl I I)u lt·r·condul·tor tube (Xo. 
O\)()()-!):.Qm will ('oll lillue to be solJ ill 
2i-inc h leng t hs. 

SPE CIFICATIO NS 

M ..... I .. f,: ('{'nlt'rlt'!ll!-Il;rotlnd, 1IIN'88-n'Ii{'vf'd, 
8ih'er·I/I.~-erlxl brWIII rod (t,.-o lIt1tllllit-'{i). 
0 .. 1 •• OL.rn. ,." 0.21-125I1lch_ 

A ........ r ., O' .. rn"." ± G5 micwindWiI. 

u"".,," !lr ., DJ.,", I." ± 25 microindll1l. 
5",'0'. F;" i.h : 20 lIlil'rullll'h('l, "'/lX. 
SI ... i,Iot". ,, : O.OO:l T in. "'lIx. 
Length , 13 inchl'il (a:w lIun). W. L,hl , 7 oz (200 g), 

"rice C(JJII10fj 
.\' IlttllH.:r DtKrlpllQIl Itlf'S~t 

0900·9507 ' .ecl,i .. n C .. -.-.7,.C,C,C.-,;----- $22.00 II " II. i, 
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NEW GR874 COMPONENTS 

NEW ADAPTORS 

Ty p. 174.QA.71 

Adapto~ an' tlvn iiuhl(' from G ltS71 
to 0:-;;\ 1·1yp(' milliutuf(' ('OI1I1('(>tOI1l fi nd 
to Amph(,Hnl AI'('·7 pn'l'illioll 7·mrn 
('OHm'dol'S, 

Four (:1{ 71·to-O:;;;\[ lulnptors cover 
the muting rrquin.'Ol(,llts to hoth ~nflle 

and female OS;\!'b in locking and non­
lo(>king \"('f"i<ioll'l. Th('~ adaptors mtlle 
\\ith the following ('onn('dor t.y(>Cs: 
AS,\l, BIUI. I~"(,A;\ [ , ;\ IICno, ;\ 108· 

'''r ,~ 

• !,o. 
> 

I.OZ, 

Ty p.174. Q M M J 

,-10, :,\1';\1, OS;\ I, SID I, :-iT;\I, and 
Gin!. The VMlit l'h::lnH'teri;;;ti('s ( Fig­
un.' :1) apply only when the mating 
con nector hns the' muting dimensions 
showil in Figure' I. 

The Jl(,W '['YI'.; 871-QA I'71. Adaptor 
mates a !o<'king or nOllio('king G nS71 
('oullct'tor with an .\mphrllol .\ I'C-7 
7-mm COllnector, Tht, typical \'fm R of II 
single adllplor is shown in Figure i:i. 

• 

Fig ... . 3. VSWII ch"." cI • • I,,;u 
"r t'l"" 114_QMMJ and 
. OMM~ Ad""" .. , (Val .... " •• 

l'I'pl cal r" •• Ingl. ad"" ..... ) 

O.ool ~AD'US (M • .IC) r--0"79~0'OO OIA 
0."7 ~o.OO' 01. 

r '.ri~ O,OUOtO.ooo301' 

- , 
~ 

Fig ... . 4 , "ilieal ma ' ;ng d lm • • u la ... I •• T'I'P" 114_0MMJ " .. d . QMM' Adap' ''''. 

5 
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the [;JExpcrilne nter. 

'.0 , 
: 
~,.o , 

Flgu •• 5 . Typ ical VSWR charac_ 
te,I,Ii .. of Typ , 174. QAP71 

Ad"pl"" 

'. 0 , 

,.~ 
0 --

T""'~ 

/' 
V 

~ 
, , , , , • 

S PECIFICAT I ONS 
Frequ . ncy Ronve, Dc to 9 Clh. 
V'5WR , Sec curve!!. 

Imp.d"nu : 50 ohms. 
Maximum Vallo"" 1000 V peak . 

, • 

CataWg 
j\'umIH:r 

087(·9722 
087.( ·9723 
087.( .9822 
087.(.9823 
087(.9791 

Ducriptif1n IlIclWkH ~{~~ i:[JSA 
Typ. 114_QMMJ Ad"C,C'-,,-----t-O-O•SM f .. ,k coos;-.~,c,.-,-+~,c,:.:." 
Typ. 874. QMMJl Ad .. pt ... , ladinlil OSM lad OSM plvg 17.25 
Typ. 174_0MMI' Adopt... OSM plug O SM lock :12.00 
Typ. 874. QMMl'l Adoplor, lockl"!! O SM 1'1"11 O SM jack 23.25 
Typ. IT • • OA,n Adopto. AmphlnolAPC·7 60,00 

BIAS INSERTION UNIT 

/ 

• 

on semiconductors. I t consists of a 
cOtlx inl tee wi th de blocki ng in one arm 
a nd filte ring in lhe other (sec Figure 7). 
The filtering is especially helpful ill 
trunsistor measurements where low­
frequency isolation IS required to pre­
vent oscilla. t ion. 

FI,IU'. 6. T'I'I" ' 74_FBL 
8101 Inu •• ;on Un it . 

The' T ypg 87 1- 1' 13 1. Bias Inserlion 
Uni t (Figu re 0) is lIscd to bias coaxial 
dev ices and is a vu luuble componcn t in 
slotted-line im rnittance measurements 

•• 
.. 

• ! , 
> 

\----

' . \ 
, "-

FIIIU' . 7 . SeI, . motl. dlo_ 
1I,0m 01 Typ. 174_FBL 

8iol In ... lio" Un it . 

'r" ---

." T(JN .. ALS 

, , 
~SP£CI~ICATION , , 
--.:~----, L ___ 

( 1\ ~~PIC"'l / 
/ 

/ 

/ 

"" 

~ 
Fill"' . I . VSWR cho, od. , IIU" of Typ. 

174_FBL BIo I 1" ... llon U"It. 
.0 o , , , , 

FftEOUENCT GH. 

, , 
"""'" 

, 

• 
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SPECIFICATIONS 
e ..... .. 1 RDII .. g : 2.5 A . 

Vohog. ROII .. g : 100 v. 
V5 WR , See curve. 
1 ..... 110 .. lo .. : Typirall.\ l!'tll! than I.. dll rrom 

:~ ;\1I1z to :1 (;liz (except 2 dB tit 1l.11l'rox 
U! (; 111. ), 1t'M thllll 0.8 dB froUl :\ to I) lillz. 
Ol .... ... io .. . : II , b) :)18 in (1 15 by !)oj 111m). 

N. I W.igh. : 1;12 011 ( 185 g). 

CmuWg N ","/.Ho, 

O.7.·97S9 1 
1JUN".,lIlor! 

--~,,-,-.~'7. _fll 1101 1 .. ... lio .. U .. II sn.oo 

NEW KEYED PANEL CONNECTOR 

f lt".e 9. Typ. '74_ 
!'IRUIA K.yed Po ... 1 

Con .. e. ' o •. 

A Jl(,W r{'(·{'~"'<'d, lorking G R871 pllnl.'l 
{'ou ul'l'lor hll;; IX'l'1I dl'"ignrll for Iho~ 
wil" fCquire po~ith-(', tix('d orientatiOI1 
of th(' (,Ollll('('lOr with r('~pei'l to lh(' 

panel. In the 11('\\ h71-I'BHI.. \ family 

(',I/ll/Of} Xuml)l, T!I~ 

087.(·9UI '7'. PllRlA "'.A2 coble 

of oonnC'tlors, a key on the sere\\'­
mounted panel flange engages a key­
way on Ihe"id(' of the (,Ollncctor, 80 thnt 
when the a.~"€'rnbl.r is complC'led the 
COI1I1et:tor ('IUIIlO!. rotate, e\'en if Ihe 
clamping lIu!.looS('Il!'. 

Five modcll'l of this Il('W connector 
ar(> anlili\ble to eO\'N a wide mngl" of 
cnble I'izt'~. (:elll'ral specifictltions arc 
the ssme ItS tho~ for other G HS74 
plillel connC'clo~ li~H>d in our cnlll log. 

1',"("( III { ',s'l 

087.·,.83 "4· PlRl'" {,so·oh ... ' RG·'A/U, ·98/U, .10A/U, .17A/u, 
.116/U, .1$6/0, .165/U, .Iu/u, .213/u, 
.2U/U, .215/0, .22S/U, .227/U, {non ,so .... , 
RG.t1 A/U, .12A/U, ·13A/U, ,631/0, _798/U, 
·19/u, .I " /U, .U6/U, ·u9/u, .216/U ca bl •• 
(,so·ohm) 17'·A3, RG·29/u, .55/U ( •• ,i •• ), 
·sa/u (.0.10.1, _ 14 1 A/U, .u2A/u, _159/U, 
·223/U cable. 

$6.60 
6 .60 

6 .60 

0'7A·9A87 17 • • PlRl62 A (_ 50-oll ... ! RG·59/U, ·62/U (.ori .. ), .711/U, 
·I'O/U, .210/U cobl •• 

6 .60 

087A·9A89 '74_PlRll74A 150·ohm! RG·17'/U .. ·IU/U, ·316/u; (..on 50· 
ohm) RG.161/u, -179Iu, .1,7/u, ·298/U cable. 

7.45 

ROD AND TUBING 
Hod and lubing art' IlOW a\-nilabll' for 

fabriCll ting C\lsltl m (; HS7 1 eompon('11 ts 
nnd air lines. TIll' tuhing is a 1.)1 -indl 
st'dion of Albnlloy-plnlt'd brass. with 
Illl outer diameter of O.ti:!1 (+0.000, 
-O.OO:!) inch and an inlier di:lmet('r of 

O.:,():!,) (±O.tXHO) illC'h. Thl' rod, ul!iO 
\.)].i inches long, is of high-eonductid!.y 

siker-platNi brass, with a diameter of 
0.2 1·-12.') (±O.OOO2:) inch. Chllr:lctC'r­
is tie impedance of Il coax illl line made 
up of this rod nnd tubing is ,j() ohms 
±O.~H.l~. Ends urI! already mllchined 
to a(>c{'pt 87-1-B or -I1RL eOIlll{'ctOr5, 
:wd machining instruct ions arc ine\udcd 
for shorter :;ection>l. 

CII/(IUJv .\'umber 

087~.9508 

087'(,9509 

____ c----'ne.rr.pU°o'--c ______ --t_ '_"_;_"c'c·'c'c·_s_"_ 
1 .... . . _Co .. du.IO. Rod $4 .00 
O .. t .. _Colld .. <to. Tu b l .. g 4 .00 

7 
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the[;jExperimenter 

Fill"" . 1. Typ. 1493 , •• cillon D.cod. Tronlfo.m.r. 

THE TYPE 1493 PRECISION DECADE 
TRANSFORMER 

The new TYPE 1493 Precision Decade 
Transformer (Figure I) is much more 
than just another "ratio box." Its 
accuracy (±2 digits in the 10- 7 decade), 
range (-0.1111111 to +1.11111110), 
resolution better than I part in JOe 
(with auxiliary equipmcn t of nppro+ 
pria te sensitivity) and eonvenien t, lever~ 
switched, ill~line readout set it apart 
from conventional ratio transformcrs. 

Ratio transformers have been a round 
for a long time. 1\lost of our readers arc 
probably familiar with their funda~ 

mental usc in t he measurement of an 
unknown turns ratio or of the magn i~ 
tude ratio betwccn two si milar im~ 

pedanccs (JCigurc 2). The addition of 
the resistor and capacitor shown in 
Figure 3 permits a closer measurement, 
by narrowing the null through phnse 
balance . l\lorc complex circu its permit 
ratio mcasllremcuts with a repeatability 
of a few parts in \OJ. 

Acceptable for calibration by the 
National Bureau of Standards, the 1493 
can be used as a primary standard to 

cali brate other ratio transformers. In 
educational and experimcntal labora­
tories it can be used as two of the 
adjacent ratio arms in many different 

fig ..... 2. D10II .elm 1II ... ,ltolin9 ... ut of Ih . 1493 In 
m. o . ..... m. nl of the .olio b.twe.n th . m"gniludu 

OSCILL ATOII I> -<U( 

0. 

0, 

of two Impedon .... 

'" ~11lPE 1493 , 
"' I 

I 
I 

"I 
III 

-0' L 

" ) , , , 

" 

: I I~CQ""O~I r, 
I , 
I 
I 

• _ C SES GllOU "OEO 

c, C, 
. · , .. io· __ • --. -- . -_._-

1'1 ,. 1'1 , R,' R, c,·e, l,'l, I " I , 

o 1'1 , R, C, l , I , 

h ' N, ' R; "c,'L,'z, 

I 
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1 1 
., 1 

i -~t,'f.:~~: r€~"~~ OSClLLATOP; 1 
~. 1 

.1 
I • I .. ;~ , 

• .L~ , 

t .lS£S GI!OU " OEO 

transformer b ridge circuits for accurate 
impedance measuremen ts. 

Since the 1493 accuracy is basicnlly 
dctermined by fixed turns rntios a nd by 
the relatively invilrinnt properties of 
mngnetic cores, 110 npPl'cci3ble degrada­
tion of nccuracy with limc shou ld occur. 
Calibration should literally last a life­
time, ba rring accidents. 

The departures from tradition can be 
sensed from a look o.t the front panel 
(Figure I ) . 

The decade switches are thc finger­
tip-leycr type introduced by Gencra l 
naclio 0 11 the TH~; 16 15-:\ Cn paciwncc 
Bridge. 7hough they havc been modi­
fied to meet the rcquirements of the 

flgur . 3 . Setup . h"lIar 10 11101 of 
flgur . 2. bUI ... llh ... IUa. and .. . ~ copacllo. added for pho .. balance • 

1493, they retain t.he cODvenien t short­
throw traverse from -I to X (or 10), 
us well as the e!lsy-to-read, horizonta l, 
in-line, digit.'ll display. 

Seven of the levers control s tep 
switchcs j the eigbth controls 1\ con­
tinuous slide-wire decnde lImt ca ll be 
switched in to yield essentia lly inrtnite 
resolution. 

The Transformers 

The 1493 is un assem bly of four 
separate transfOl'lncrs int.crconnectcd 
to prodnce 8OV<' 11 switched der'udC8 (sec 
Figure -I). Each transformer winding 
uses a multi/ilar <'able whose individual 
conductors arc a ll tnkcn from thc Stlme , 

FIIIU .. 4 . Schemalicdla grom lha ... 1nlllnlercann • • lian of Ih . four Ironlla.m .. s. 

-
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GilberL Smile), ClUlLe to 
Genernl n adlo in l!ll3 
from Geneml Control 
Comllany, where as 
Chief Engineer he wa.s 
RClive ill indulItrllllll.utu­
mation develollme:nt . An 
engin~r in (ai.'~ Indus­
trlalln!ltnmu'nlJl GroulI, 
he hils spe(~il'lli~ed in the 
doogu of ll'llll.llrorme", 
Ilnd 01 her iron-core de­
viet'll Ilnd is largely re­
!lPQnaible for the Dura_ 
\.rak bruah-tfn.ck ooaling 
\1.IIe:d 0\\ VllrlllC:t flU IO­
transforme:l'lI. 

wire spool to ensure equa lity of resist­
ance. The cable is randomly disposed 
and lightly twisted nnd then is wound 
on an unusunlly large high-pClrmC!lbility 
core, with urdform spacing ovcr 3GO 
degrecs. Individual conductors a re con­
nected end-to-€nd, aid ing, und taps are 
brougM out from certain jUlletions and 
ends. After testing, the four transform­
ers arc hot.-sealed in 1\ magnetically 
shiclded catacomb. The seal:lnt im­
mobili2CS the tr:l llsformers and their 
connections and keeps out moisture. A 
second complcte performa nce tcst fol­
lows sealing. 

Switching Scheme 

The switching of the 1493 Precision 
Decade Transformer d iffers from that 
of other units in scvf'ra l important 
respects. T he first transrormer has but 
one, 12-sf'ction winding. I ts 10 center 
sections nfe connectcd to the input 
terminals, a nd the two end sections 
prov ide - 0.1 nnd + 1.1 over· and 
under-volt:.lge con nections. Wi th ollly 
one winding 0 11 tho first core, we arc 
nble to IISC the largest wire size ~iLpnb le 
of meeting the requirements fo r core 
excitation. Lurge \\;re means low re­
sistance and reduced regulation error 
rrom loading. 

Ten sections of the primary winding .......-.­
of the second transformer arc bridged 
across sliccessive decade sections of the 
first transformer by the Ac tion of the 
JO-! decade switch (figure 5). 

Kote that the connections to these 
JO ~ctions do not coincide with the 
primary taps but arc placed midway 
betwecn adjacent taps. This di8piaccs 
the normal voltnge per lap by one-ha lf 
the section volwge. To compensa te fo r 
this displacement, the secondary wind­
ing connection is made to the midpoint 
mther than to OIiC end. The double 
offset results in a correct mUo indi ca­
tion from the switch settings. This 
switchillg scheme, unique to the 1,193, 
ofTers two major advn ntages; ( 1) i\taxi­
mum internal impedance (resistance 

fig",. $. Diag,,"" showing b. ldglng connaction, 
of adjacent I.an"'o ........ 
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and leakage inductance) is substantia.liy 
reduced, and (2) internal iml>cdullcc is 
kept more nea rly constant versus muo, 
a matter of considerable importance ill 
mallY measurements. 

As one proceeds from inpu t. to ou tput, 
flccuracy restraint-s fire rclnxed by an 
order of magl1itude per drn:adc. Con­
sequently, t ransformers 3 and 4 have 
fewer turns on smnller cores. The reduc­
tion in turns lowers the contribution of 
these two transformers to interna l 
impedance. 

One conductor of the mul tifila r 
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(orm n tcrtiary winding, which is 
trn versed along the !lCcondary by the 
10-1 switch . This winding, supple­
mented by OIlC additional turn around 
the core, uiding, drivefl Lhe sl ide wire. 
The aiding turn, plus an adjustable 
resistance in series with the slide wire, 
allows the sl ide-wire volt.ngc to be 
mnde cqunl to one step on the 10-1 

switch. The tertiary wind ing and aiding 
turn connect to the slide-wire zero 
througb n koife-cdged contact. to 
minimize zero ambiguity. A two-posi­
tion switch permits opcrn tion of tbe 
1493 with or without the slidewire, 

secondary winding on transformer 4 is as desired . 
isol.n.ted from the winding proper to - G. SMILEY 

SPECIFICATIONS 
RANGl : -0.1111111 l.o +1.1 1111110 with 7 
step dceades and continuous slide-wiN" decs.de in 
10 .... poail.ion. Eaeh step dec"de II.djustable 
-I to X (10). Continuous dt.'C3de Mdjust.able 
o toX. 

A.CCURA.CY 

ll ... orlly : rudic:l.tcd ratio, measured at 100 V, 
1000 liz, with a resolution of ± I .'( 10-1) aKn.'eII 
Ivith n ~ll!.m.brd calibrflWd by t he Nfl t.io/llli 
Burenu of Slnndllros to within their lilnitll uf 
ullccrt.u.inty, sinted liS ±2 digi..., in t im 10-1 
decade. At fl"e(llIcncies from 50 Ib to 2 klh, 
ratio Rocur:lcy IS apl)rox ±I digit in the 10 .... 
decade. InCr'Cment.'!. accuracy of ltu!lt 4 step 
decades will \)c better than ±2 Illie"" ill 10". 
ConlinuOWl decade accurate 10 ± 1 '7 .... 
,,, .... Error (at 1 k il l ) : < ±6 llIicrol1ldillnS fo r 
ratio aettinga from 0.1 to 1.0; < ± 10 IIrsti for 
0.01 to O. 1; < .... 125 ,.rad for 0.001 lo 0.01. 

IN'UT 

M"x Volt""o, 350 \1 ; below 1 k Hz, 0.:351". v. 
Impod .. ne.: > 150 kllat I kHz; > 20 kll from 
100 fir. 10 10 Hb. 
Dlroct CUrrlnl , No dCllhould be applied to input. 

OUTPUT 

Imped .. nee (d.pe nd."1 an r.li. ,."h, , ), "lax: 
3.5 ll, 611111 : min: 0.5 II, 6 "II. W'l.Lh slidll-wire 
decade s .... itched out, m&x n;1liSI311oo is reduced 
to 2.7 n. 

GENERAL 
Te .... I .. " I., tioid-plllied Cn. 1.138 Uinding 1'01119. 
Aue ... rlo. Avan.blo. l{e(:nmmcodcd I!;enef/ltor 
lind lIull Jcf.e(;t1Jr f(or IHccise com]lari8on or 
bridge /lpplienliorlll: lhe 1:\1 I-A Audio Oscilllltor 
and 12"32-,\ Tuned Amplifier /lnd '" ullDet.cctor 
or thc eombiuntioo 12 10-A Bridge Oscllllltor­
Detector. 

Cabi .. . " Rack-beuch. End fmlne!! fo r beneh 
mount or rAck-mOlintin~ h:t.ro.nl1"e included. 

Dim .... i .... ( ..... idthx height x de.pth): Rack, II) x 
7xSHin. ('I85x ISlh215 mm); bc.nch, 19x7U 
x 10;:. in. (485 x 100 x 275 Olin). 

Ne' W.i,ht : Rack, 28lb ( 12.7 kg); bench, 30 Ib 
(13.6 kg). 

Shlppl .. , W. I,,,, , Ibck, ,II lb (18.7 kg); oonch, 
43 Ib (19.6 kg). 

Calalog 
Number Ducripliotl 

Pn·u 
i"n USA 

1493·9801 
H93·9811 

Typo 1493 '''ch i .... Decodo Tr .... d ... mR •• h ·nell Model $1100.00 
1100.00 Typo 1493 'r.eI.I .... Decad. T.anda.m .. , Rac. M .. de l 

As we went to press we learned, with dCCJl regret, of the 
.....-.. sudden death of Mr. Gilbert Smiley, the author or th~ above 

article. 

11 

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



12 

the{;lExpertmenter 

NEW VOLTAGE DIVIDERS 

OFFER RESOLUTION TO 10 PPM 

OUf popular resistive voltage dividers 
have passed through another stage of 
evolutioll. The "new breed" is the 1455 
series, of which there arc five versions. 
Beyond au ohvious improvement in 
cosmetics (Figure I), the ne"' diddcrs 
boast tighter specifications and two 
five-dial units that extend resolution 
down to 10 parts per million . 

Because these dividers arc being uscd 
increasingly as adjustable clements in 
measurement nnd control systems, we 
bnve slimmed the package down to 
3M" inches fllld olTcr both bench and 
relay-rack models. Also, connections 
can be made at the rear as well as at the 
front, and th(' readout is ill-linc. 

The five versions nre the TYPES 

1455-A, -A If , lind -AL, and the TyPES 
1455-B and -BII. The three -A dividers 
are four-diul units with a rutin range of 
O.OOOl to 1.0; the two -0'10 have five 
dials and n rntio rnngc of 0.00001 to 
1.0. An H in the suftix indicates a high 
impedance rating and consequently 
greater voltage-handling ability (up to 
700 volts); the 14.,j5-AL is a low­
impedance divider useful at radio fre­
quencies. 

U~. 

The decade voil3ge divider is an 
est.ablished means of obtainillg aeeu­
rntely known voltage ratios. Among its 
many uses arc the calibr.ltiOIl of \'olt­
meters, Iincarity measurements on con­
tinuously ndjustable autotransformers 
and potentiometers, measurement of 
gllin and attellulltion, precise measure­
ment of fn.'quellcy*rcspollse character­
istics of audio-frequency networks, and 
the detcrmimltion of transformer turns 
ratios. 

The new \-kr. 1455-AL will be found~ 
useful in tcsting voltmeters at low 
radio frequencies. It has a :H:lB 
responsc to 7.5 l\lIh and on output 
error of less thnn 1 % at 1 .l\J II ?. Its low 
output impecitUlee will ffil1ke it attrac-
tive in many other areas where its low 
input impedunce and voltage rating arc 
not restric tive. 

Some Commellts Oil 
Accuracy Specificatiolls 

When these Kelvin-Varley dividers 
first appea red, we specified accuracy 
as a percent of reading. Later, the 

~I" .... I . typl 1455-8H Dlcodl VoIID,1 Dlvld ... 

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



AJ~.t.D co'" 

=S~t~ -r;-, 
~ 

s l luo co'" 

DlYIOER ro fIE 
CAUSllAlUI 

"!NSATOR 

f l,,,,. 2 . Th. comp .... I"' ... , Iw. 011 ,,1 01 ... , wllh 
1 •• 01 •• mp . .. . . ' ... . 

use of the term Hlinearity" bceame 
popular for bot h resisti ve and ratio­
transformer-type voltage di \· ideTS. Lin­
earity bere is essentially a perccnt.-of­
full-scale 11ecuracy specificat ion and 
equals the pcrcent-of-reading accurtl cy 
times Lbe indicated vnl ue. Beca use the 
indicated value is ul wn:ys less than I, 
the linearity spccific.'l t ion is n lower 
number than the pcrcenlrQf-reading 
specifica tion lind thcrcfore appcars at 

~ first. glance t.o rcprcscnt greater ac­
curncy. 

We recognizcd t he trend and included 
nn over-nil linea ri ty specifica tion , but. 
we kep t. the percent-or-rending spccifi­
cation because it. was the more stringent. 
at low settings. Unfortunatcly, this 
created some confusion, fo r, nl though 
wc meant both specifica tions to apply 
at all settings, so me people felt that 
the perecnlrQf-reading specification was 
overrid ing and that therc w(Ore SCI tings 
where the linea rity specifica tion did not 
hold. Tn order to d ear up this point, 
we havc gone ovcr to the [inca ril,y 
specification complctely nnd ha ve ex­
tended it to nil dial scttinb'"S. This 
results in somcwhat amazing numbers 
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for the linenrity of settings for which the 
fi rst few dials are set to zero. 

(Actually, the old accurtlcy-o£-rcad­
ing specificat ion was more stringent at 
mnny settings but didn 't sound as good. 
For those who prefer a.n accuracy-of­
rending specification Rnd understa nd 
that it in no WRy ncgates the Iinca rity 
specifica tion, our old sta tement of 
± O.04% oj readi1l!J still applics.) 

This linearity specificn. tion is some­
what complicated by the fact thnt 
the accurncy at \'ery low sctti ngs 
dcpends somewh:~t on the method of 
connection, bcCIlUSC of the residual 
resistan ce in the intcrnal wiring and 
switches. Absolute linea ri ty is det.er­
mined with respect to the \'oltnge ouL­
pu t at zero setting; thus by definition 
there is no crror at the zero setting. 
This type of linearity applies when tho 
zcro \·u luo of the measu red device call 
be set equa l to that of the dividcr. 
Consider, as an example, t ht' compa ri. 
son of two di viders using lead compen­
sators (Figure. 2), which arc adjusted to 
bring t.he zero and unity points of both , 
to coincidence. 

When the divider is uscd 815 a simple 
three-terminal device, as shown in 
Figure 3, the voltage drop in the divider 
switchc:; and wiring CRUseS a small 
residual error (sec SI)Ccifications). AI­
lhough this error is quite low beeause 
of the sih'er-ovcrlay multiple-contact 
switches used, at vory low settings it 
can [)Ccome a limita tion on perfor. 
manco. When the input and output 
cirCll i~ do not !Ul.ve n co mmon ground 

Fig"'. 3 . DI ~loI ... c ....... ' .01 I. m • •• " ,. p., ... ti .me'., U ..... lty . 
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DEI;.o.D£ 
VOI.-lAI;[ 
DIVIDEJI 

MtlER 
UNDER 
TUT 

Flgu,. 4. Dl uld . . ~o .. .. . <I. d '0 , .. , 10w- l, u . 1 
"ollm , ' . r. 

and the output is t.'lken between the 
output terminuls, this voltage d rop 
c.'ln be hugely compensated for and a 
tighter specification is possible. An 

example of such a four-terminal meas- "" 
urement is the circuit fo r checking a 
low-level voltmeter shown in Figure 4. 

Ex tensive experience with the re­
sistors used enables us to place a 
±20-ppm, two-yea r linearity specifica­
tion Oil the five-d igit models a nd ±30 
ppm on the higher-im pedance four­
d igit ones. T he -A L model is specified 
at ±50 ppm. 

- II. P. 1-1",1.1. 

A b rief biographiesl sketch of " Ir. lIall 
appeared ill the J une 1!)66 E'Lpcrimenrcr. 

S P E C I FICATIO N S 

Typ.: 14!'.A H - A - A< - , H -. 
Diolt: • • , 5 5 
IlIp,,' R • • I.'olln : 100 kG 10 kG Ikn 100 kn 10 kn 
IlIp .. ' Vollag, RoU" g : 700 V 230 V 70 V 700 V 230 V ....... May be 20 ~pm linearity change at 

full rnling lICe b~low ) 

f .. q ..... ~y Ro.po" •• (1. at 3 dB down ); 
(unloaded, Ilt max output 
reeistllnce &Clting ) 

85 kHz 850k Hz 7.5~llI z GO k l loz GOO kll z 

Rtlol .. llo" (in ppm of inpu,); 100 100 100 10 10 
U" ,orlly 

AI .. "I .. " U", o. I,y (in ppm of input); 
OutllUt taken with respect to out.-
put zero setting at low audio fro-
quenciel!l \I-ith input uoll:lge < 
rating. 

'i 

Ra'l" 
0.00001 to 0.00010 - - - ± 0.02 ± 0.03 
0.00010 t.o 0.00100 ± 0.2 ± 0.3 ± 0.7 ± 0.2 ± 0.3 
0.00100 to 0.01000 ± 2 ± 2 ±. 3 ± 2 ± 2 
0.01000 \.() 0.10000 ± 15 ±15 ±20 ±IO ±IO 
0.10000 to 1.00000 ±30 ±30 ±50 ± 20 ±20 

Tt.m lllol lIlI , arity (in ppm of input) 
(add to absolute linearity): 

fo ... · •• r ... lnal (output \I·ith respect to 
low output terminal); ± 0.00-1 ± 0.0-1 ± 0.1 ± 0.004 ± 0.0·' 

Th •••• " .... llIol (10\1' terminals com-
mon or output with respect to low 
input terminal); ± 0.02 ± 0.2 ± 2 ± 0.02 ± 0.2 

Mo. O"'pul R .. I.'a .... ' 27.9 kn 2.79 kn 333f! 28.8 kn 2.88 kO 
( input shorted) 

Eff"ilu, o"'pu' Capa~;'all'" 
(typical, unloaded) 

67.pF G7 pF 67 ]IF 80 pF 80 pF 

~ 
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F.eqw . .. ey Ch •• llct • • I.llc , 

Acta like llimple HC circui~ belo\\' /. 110 that 
E. reading 

N,. - ~1 + (f.) 
Tabulated value or /. is l!.t IICtting that giVe!! 
mllX output reeiet./l.nce 110 that /. at nil other 
eettlnK3 Ie higher. At 0.01'1/ ., responllC ill down 
<0. 1%. 
Au .. 'lIcy .f Inp wl 1 .. ll llI ne" + 0.015'1:, c)tct'pt 
for IIM-AL, \\'hich is +0.025%. 
Te ... p . ... tw •• e ll .Hld.nt , < 20 ppm for each 
resistor. Since voltage ratiOll lire dctcrrniued by 

""""'" 
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ree:ietol'3 of simillir constructiun, net ambient 
temperature elfet:t.II&rc very small. 

D,m, nllo", (width X height X depth): Back 
lIIodels, 19 X:lj.i X ' I ~ in. (485 X S!) X 120 
nun ); 4-dial bench models, I4 s ~ X 3 1 '1 X f.j in . 
(:l iS X 8'J X \55 rom); 5-dial bench models, 
Ii" X 31~ X Gin.pM X 89 X l55mm ). 

N, I W.III"I : Bench models, .I-dinl, {iII lb 
(3.1 kg); ~Iilll, 7~{ Ib (3.G kg ). 

SlIIppinli Wllllh i (Cit); Bench models, "-dial, 
il ~ Ib (3.S kg); 5-dilli, 8 1 ~ Ib (3.0 kg). 

Add appro" 1 lb (0.5 kg ) to net lind shipping 
weighla for rack modele. 

Pric, 
NUM' Ducription in USA 

Typ. 14$$ Dlclld . VIIIIII,,1 Dly ' der. 

8 ... d. Mild ... 
"$5·9100 1455.A. '·dial. 10·k{! $21$.00 
1,.s.s.9102 H55 . ... H ••. dial. IOO·k{! 2 1$.00 
1455·970" 1,.s.s.Al, ".dial. ,·1cfI 21$.00 
1455·9706 ... 55·8, $.di"l, 10·k!} 2.55.00 
1455·9108 ... 55·8H, 5·di"l, IOO-k{! 2$5.00 

Rack Mad.l. 
U 55·9701 1"5· .... "·dlal 10.1dl 222.00 
1.(55.9703 I"S5·AH. "-dial. IOO.1dl 222.00 
I " S5·9705 "55·Al. "·diol, I.k{! 222.00 
1.(55·9107 \455·8. 5·dio!. 10.W 260.00 
14SS·9109 " 55·8H. S·dial. loo.k\l ':160.00 

PULSES fROM 

THE TONE·BURST GENERATOR 

We nrc indebted to i\lr. n. S. Cnddy, 
Senio r Lecturer at the Vlli\'e~ity of 
New South Wales, for pointing out the 
useful properties of the General Radio 
T onc-Burst Generator, T YI'E l:mG-A, 
as a pulse gcnerator. If the ins trument 
is connected IlS for it.s tlslIlIlnpplicll tion 
of producing lone bursts (interrupted 
or gated sine waves) lind if the sinu­
soidal s ignal is remO\'ed from the gate 
input and rCI)h\ccd with II de I'ignnl , 
the output becomes a pulse. The' output 
is limited to nbout 7 voll.'! positive or 

to the T IM I :>"fl INI'U'I' terminals. If this 
liming-signal frcqu('ncy is swept, the 

timing cin'uits of the 1:i9G will mnintuin 
fl ('onst/lIlt duty ratio by keeping the 
output-pulse duration :1. fixed numOcr 
of I>criods of tbe timing signn!. 

............ negative behind GOO ohms. T he prf 
is controlled by the lie signnl applied 

If one alternately produ('('s pulses 
and tone-bursts hy switching the gllte 

input from n de to fl s inusoidal signul 
source, lht' output ~ignn l~ fro m the 

tone-burst gencrator will have approxi­
m:Hcly the Sll me !:lhape freqllcncy SI)CC­
trum, hut it will I)C centered at d e 
ill the former ease and at the sin usoidal 
frequel\('y ill the laUer. 
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GENERAL RADIO COMPANY 
WI!:ST COtOC()IIIIg ....... s ... c .. US(". 017.' 

NEW 
PUBLICATIONS 

FROM 
GENERAL 

RADIO 

. \ f1CW scric~ of applications notes, 
E.tprTillll'nJs for 011' ."'ltA'irnJ l.aooralorll, 
has becll initiatcd by (:H , a lld fiv(' of 
these educntional a ids nrc al ready in 
print. Tht'y art' "The \Iotion of a 
Projectile," " Q of a RC-Wllfllll Cir{'uit ," 
" FOllriC'r f-iyutlwf;is ," " Distribu tion of 
Handom ~oi~c \ 'oltages," llnd ., EI{'('­
tronic \ 'oltmet{'rs," .\f1Y or tIll arl' 
free on r('f1uest. 

For those ('ollcNnrd with ~\llld and 
vihration ml'aslIrc mrnt, ('urrl'llt and 
('hoic-l' rrading from (iH llOW iru ' lud{'~ 11 
IlC\\' qlla rtcrly (XfIIM .lI fn,~lIrfllll n/), a 
n('\\' l'eril''; of appliration n()l('.~ (.\'0/,11{' 
.\"O/I"S) , and n major rrv i;:ion of th(' rr­
Il{)wncd l/tl/ill/Jook {Jf X II/XI· ,lIfll,~!lr('-

1111'111. Pri{'t' of the Ifflllll/ifluk rcmnin>l 
1.00; th(' othcr puhlicut ion:o. aT(' In'n il· 

ahle for thc ll!<king. 

GENERAL RA 010 COMPANY 
WEST CONCORD. MASSACHUSETTS 01781 

.-.:. ... ... 

, 

I 
• 

• 

IET LABS, Inc in the GenRad tradition

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

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