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TYPE 14372 DECADE RESISTOR

USES: Aceurate deesde resistors wre extrenely
valunble whersver electrioal moasurements
are made, They are constantly used 1 cirenits
where g wide range of resistance values i
required or wiene variznle diummy gernerator
anc load resiztances are needea, The aceurany
of TreE 1332 Deeade Resistors sosily meels
ihe requirements of these applicativnns and
aiso pormits vhem o be wsed ay loboratory
slandards and as ratio sems for direet- and
acternmtine-current bridges

Althongh desigrel puma,r Ty for direct-
enrrent. anid audie-frequency work, many of
vhe models sre ugelll well into the radio-
fredneney range,

DESCRIPTION: The "I'rrx 1432 Deeade
Fessislor iy an assembly of Tyrw 510 Decade-
Besistance I'nits g single eohinet. Mechan-
ical g5 well we elevlrical shielding of the unita
= pravided by the rugged aluminum cubinet
and panel, which completely enclose both
the resistunce unils and swileh contacts
The reswstanee elements have noe eleclrieal
connecionn o the
which & separate shicld Lerminar iz provided.

Three-, {four-, and five-dial decade assem-
bites are avallable. huen decade has eleven
conluel siuds and fen resistance units, =o
+hat the dinl values overlup. Positive detent
tnechanislns in conjunction with bar-iype
inobs permit the operazor so sense the posi-
tion of the switches withoul leoking at the
peunel,
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FEATURES: » Low scro resistance — less than
0.0N3 ohm per decde,

> High securaey -— 0.05%, for most decades.
» Low Lemperature roetheient of resistatiec.
» Nepiigible thermal emf to eopper.

> Resistors are adjnsted to speeifiod values at
their own rerminals sather than an the box
terminule, s0 (al resislance dneremants are
alwavs correctly indicsted.

» Dteslduai impedances are small and wee
given i the specifications so that approximalto
frequency characterizbios can be computed.
> Maximum current {or exch doesde hased
on 40° O temperature rise 15 engraved on
praanel.

SPECIFICATlONS

Frequency Characteristics: Ficilar b Liwware -
disidual Tvewr 5l0 Deeede lesistance DTnine, mngitied
bw Lie lnerensed semies indoctance, Lo ard shuat eapaci=
Latioe, £ dia ro tlon witing and he pressiacs of more than
ane Avcade Lo the sesembiy. Ao bobed resistonee settings
of approzunzbely 1000 ohme ot lees. the fremency
clarnwewy lxie of any of these desade resisiors s sub-
spar-indls the zame az those ahwown for e Tere 510
Iyeea de-Besistanee Ui in che plot o page 4. At higher
matlingy, shod copacitance besarmes the contrelling
Muatar, and the 2Baztive volue of tuls veoneitanes depands
upun Lhe aetings of the individinal decados, Soa Kesidul
Tovmeafmneea belover
Residual Impedancas.

Zere Resistance (K 0002 Lo 0.003 shos per Sial
at du; O ohuns per 42 nl :t 1 Me; properiianul to sguare
roots 2 Zroqueney at all Tequansias abave 100 ke,

Zere Inductance [Lod: 010 i per dial,

Effective Shunt Capacitance {£): TLis walue ia
deterrcings largely Dy e highest decade o aze. With the
LW wercinal sonrvectad £o shishd, s valie of 15 b 10 gpr
her decade nay be wasuzsed, countile fecacdes dowo foone

Lhe bghiesk, Thos, if the thivd decads from <he ton s the
highest —asstancea deeada in etrenit (.e., not et at zeco)
che shancing terminal capscilance s 33 o F0 gpf ID e
bl Jeewde [ the D,S.-.i-c‘,mbl\ iz In use, the effec-ive
eapacitance iz 15 ta 10 pel, sopecdless ot the secinges of
the loweT-reslatance decadea.
Temperature Coefficient of Resistance: Less than
F 02025, per degree (antiprads st rocen Lol pATaTUres,
axeept thr the 0.1 4 derade, where the Lox wiclng will
inersase the over-all lenperatuee coclieient,
Twpe of Winding: See specifications fur T¥rs a4l
Trecude-esiviunee Jooe, page 1
Accuraey of Adjustment: ALl curds woe adjustad withio
H£N05Y af cae zmated valee between encd Lerecinals,
excepr thz lwhi coody wlich e Lusted  wiklin
£0.16%, and the 0.Lwohm anits whish are adjusted
withn £u.a%.
Maximum Current: Sze apecilicativoy for Tyre &720
Decade-lesistane: Unils, cage 4. ¥aluas for 4 O
rize are engraved or panals dicertly above switeh koot
Terminals -.,k--.cp bincling posls 2l un General Radio
atandsrnd fop. Bhicld zerwital & prowided,
Maunting: Almeinm patnel and canicer.
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Dimensions: Widin, 475 ‘nohes: leight, 17 incles:
lengih, 10e4e faches oo gedial, 18 iaches for 4-dial, and
155 achas for S-2ial bex

Net Woight: Tyrr 1432 — A4, (3 1, £ pounds, 2 cueees;
Tewe 0432 —J, W, L, 4, & pounds, 4 ounces; Tyre
12 — M, W, P, 6 pouunds, & ouness,

Nooaf  Tyrn 500

Type Resisfance Piats  Decadss Daed Cenle: Wrrd:
1432 F 111 ahms, totel, in steps of 0.1ohm : 3 -A/EC | DELTA,
1432-K 1,111 ohms, tatal, in stepsof Olchm | 4 A,B,CD . nDEFER
1432-C 11,100 chms, total, in stepsef 10 ohms| 3 :C, D, E PEHAER
1432-J 11,110 0chms, total, in steps of 1 ohm | 4 ‘B, C, D E !nrniT
1432-N 11,111 ohms, total, in steps of 0.1 chm 5 ABCDE peyow
1432-L 111,100 ohms, total, instepsof 10 ohms| 4 "€, D, E F [DECav
1432-M 111,118 chms, tetal, in steps of 1 ohm 5 |8 CDEF|poar
143%-A | 1,110,000 ohms, total, in steps of 1000 chms 3 |E F, G nEvr(_m
1432-@ | 1,151,000 chms, total, instepsof 100 ohms. 4 (D, E F, G ! owpor
1432-P * 1,111,100 ohms, total, in stepsof 10 ahms. 5 |& DLEF, G DRTER

TYPE 510 DECADE-RESISTANCE UNIT

USES: Bevause of their neaivacy, cotpaclness,
and sturdy eonstruckion the Feew 510 Pracude-

leslstunve Units are idew. [or wssembly into
preduction tesl mstranenls, bridges, and
{}‘t.}_lLl experimental snd  permanent equip-
ment. Lhey are partiecdasly wselol i apoli-
cafions whers saly cne o wwo decades are
needed, or where a Tyre 1442 Decade Be-
sistor cannol be mounted comvenieniiy. In
mnany cases Lhe use of these unilz will eeleaze
for general laburulory work relatively more
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axpensive devle remstors, that would other-
wise be tied up for leng periods of time in
experimental equipmens.

DESCRIPTION: Winding methods ure clossn
Feoyopoal |! b l'hu .’.1”:. 12 nF T‘r‘».h]l]!'lll ‘I“'I"I"'\I‘"'] T
The 1-, 10-, and 100k sleps are Ayrton-
Perry  wound on molded  phenolic Tormms
'spcma.llv shiaped wind hear treated o minimize
peing efeets. The . 1-ohm stops are bifilar
wornd with ribbon, while (e 1000-, 10.000-,
ard 100,000-0hm steps are wound on thin
il cArUS.

Kacn decade is enclosed o an alwminim
shicld, and u koob and etched-metal dial
lﬂ:‘LLP ave supplied. ‘The mechanieal nsserubly
ie awe avallable eomplete wish stiield, Blunk
dial plate, ywiteh ztops, and kaob, hut with-
gt resierors, as the Ivee 510-T3 Switeh,

FEATURES: » High accuracy - L0.05%; for
sl uTitE.

s Ixcellent stabilizy o newly developed
gtable rosistance alluys, with bnal resistance
awdjstmens afier  artificin] aging ad aigh
ToIN Pertures,

> (yood  frenuensy  charactoristice — most
Tyre 310 Deonces can be used al freqneneies
¢ high sz several hundred kilocyeles, as well
as ub do.

> Low temporsture coeficient,

> Neglgible thermal smf to coppor.

a Unaffected by bigh bhumidiny  even the
high res'stance units ean be exnosed 10 high
buniidity for long pecacds of sime without
spnificart change in resistance.

O COMPANY



SPECIFICATIONS

Accuracy of Adjustment: Resislors are adjusied wo oo
arcurate atb cucd wwoninals aillun ths tolerarees given in
Tubre I.

Maximunt Gurrent: Zeze Table I belirs,

Frequency Characteristics: "Iha equivalent elreoit of
a demwla resisfance urit is shown on pege 4 The values
of the rezideal impssdeees wee lizied 1o Toutle I

Tha secompantying puot ghaws: she maximnm pereentare
abprge in atfociive semies rasidtancs of
as a funesion ol lreguency. For Tvezs 1004 and
e error ig due almest entireis to skin effect and is
tnclapendent of switek getring. For Tyre 410 C She oroor
changes sow_y with dial zatting and iz 2 maxinnmm af
snxlnum resislanes sancag, winile for Tyvor 510D a4
hecaed eraximum weeara at the BO0-phez setticg. Poooall
she higher reslatanee: unils, Lw erroe = dee wimest erzively
Lo b sinens sapncibanee and 16 losses and i aporasimabely
proporsionalb to che square nf the resistencs satting.

The high-resictaz Jeeadey (Tvpsa 31020 320 T, and
LLO-G) wre vory 2OTTIGM ¥ used a3 paralla. resisrancs
clenients S0 resnnans eireud s, in o whisn the shunt capaci-
rarca of the dacades hecornas part of the Lunteg vapeci-
tanze, The parulle]l resetanes changes by only & fTactinre,
between a tenth and a bundrad i, of bhe oot tndicatod

in the plot as the series-resi-danes change, dependirg an
fraguenny and he Taslating maderial e L awicek,
Switches: (uad-inple-aal, phosaaar-sentae rskes hogs
on lubiricated bronze sontact ssuds 36 inch in dinccersr.
Tlhewe brwshes wro bt @0 owx ool 20 Se Lelgend to boe
are of bravel, shog svoiding cutsive and stfovdicg o gl
Wiping asiton, A satn-typa darent is nravided, Therp grg
eleven conlact poieza (@ to 10 inslagive). The switeh
resisronoe is eeween 000wl 000 olus, Thy elfective
caparitsiee or Bhe s i oe tne order of § ,u;,.f wills a
adizgipaton factor of ILOE at 1 ka for the zeandacd eell:loee
Elead coudded pluencliz switen formr, and 2000 Zor the mio-
Elles] paenclin foem nasi in thae Tver ai0-0F Toit,
Tf:mpera‘ure Coefficient of Rusistance: Less fhun
=0 008 per dorese Ceatipracde un room ler perature.
Terminals Bolde-ing uege are provided.

Mounting: Each Serada is romgnete wille il pinte and
kol wnd zur be snoanted on any zanel becween 34 inch
ared B4 inel in Llickness, A tengplste v farniztbed with
mEEL AT,

Dimensions: Gwver-all dianeter. 3 g irchos; dopth hehind
ranel, 3Mi inches template wnd dimensdon skaleb eeiled
s 'ql]l-‘_-\’l
Met Weight:
Bl ouies.

Tvee HT0 Trira, 11 avneed; Twver J10 P,

TATTE T
Registanca Henster

per tan CAK) Muzievon Current per Slep AL o ic
Wy (hams Arcuriey 4070 e watts wh et wh
AlimA | 0.4 i 05F 14 P ‘ 0074 | 7515 ‘ 43
S10-B 1 | +n.1 .r‘ i | RN} mma | B [HilRE 7745 Nz
L1 in =+l va o ’ 450 ra | B | LN 9 T.N4.5 iha
AT 1co =il Uﬁc’u bt B T K1) 0,29 Tl
510-E 1,000 =055 % ren 5 : :
LL0O-F 10,000 T ma ) !
510 E_} 16,050 23 ma A H

e T b S0 e

the :-t-ir.lc: LT ,ll:w t-hr— ahuant La]la
o the z2eibeh ur to tae 2eno end of bhe dseade.

= Lhe values

HIFL O

sulesr Lhiass vl e, .1: pending un vl l] er i]u hlr_'_:i 3 e

Moo Gatiton

0 i Falid L H_"___Pm- Mieen Corde Mora
510-A | T ohm 8.1 ohm BLATE
510-B | 10 ohms 1 ohm ELDEL
510@-C 00 ahms 10 ahms BLEGY
510-D 1,600 ohms 160 ahms ELEGW
510-E 10,0040 ohms 1,000 ohms BLwCr
510-F 100,000 ohms | 10,000 ochms HLYAN
510-G 1,000,000 ohms | 100,000 ohms MNTHE
510-R 180,000 chms ‘ Decade Steps, L.e., 0.1, 1, 10, 100, !

[ 1,000, 10,008, 100,000 ohms  EachER
510-F3 Switch only [Black Phenolic Frt:-nme]| ENVOT
510-P3L Switch only [Low-Loss Phenolic Frume] ........... AL

Miaxiriurm percenbagy

oo o resisiacer 4y a
Jenetian ol fraguaney Inr
Trver 51i Devade-Fesis-

anse i
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RESISTORS

R=s1aTors desgned fov e at cleetrical com-
municstion  Teequercies dffer from those
mtercded for use only at direct eurrent in that
lw reactance and constaney of resistance as
the frecueney s ovarled wee ol considerably
meres Importance than cxleeme aceuraey of
adjustment. lnevilably, resziors have capaci-
tance and industanee assoeiafed with Lhem,
and these residual Impedances hecome in-
erensingly  importsnt oas the frequency s
raiscd, acting to chiange the terminal resistance
fram irs low-Trequency vaiue.

For frenuencies where the resistuner and
ity assoctated residual impedsnces behave as
lumped parameters, the eqpaivalent eireuit of
a resistor cun e represected as shown in
Figure 1. The inductance L is the equivalent
inductance in seriex with the resistunen, while
the eapacitance £ 73 the equivalent capacl-
rance across the terndnals of the resistor,

Ta analvze the behavior of the egquivalend
vircuit us [requency s varied, it is neeessary
to differcntiate clearly between (e concepls
of equivalent series and cquivalent puarallel
pireuits The fwo-lerminal eieenit of Figure |
ean be deseribed as an impedance, £, + jX.

_ L 11
ar az an admittanes, G - jB ('—Rg }Yg)’

wherein the parameters are a funciion of fre-
quency, This dislinelion betwesn series and
parallel components is more than s maile-
malical exersise  the se to which the re-
gigtor 12 pul will frequently determine which
companent is of prineipal interest.

The expression: for the effective series ce-
gsistance (8,1 and the elieciive series vYoaelanos
(X} of Figere | are:

£

K. = 1)

[ - ()T - @

Frevns 2 Gieneral noennalizel curves o residlence 49 0
furctiva of frequerney for a fived resistor.

Fiovre 1. Eguivalent oirewit of a resistor showing the
resiciinal Tmpadances awenciated with the resiztonce.

o[- () ] - el

X# = — 2

UL e w
|:I B (Wn)] + QRWC—J
where

Lo SN L erer g
@ = T and ( m“) S T BC)
The effective parallel componenis are given
by
=, = 1 (4)
e ()]
1
wll ——— = (5}
[ 10
we IJ

At frequencies sulliciently low so that the
torms in «? may be neglected, the network
behaves like a resistance, R, in zeries with an
Induetance, £ — 8%, or In paraflel wich a

—

-1
- -5 -

capacitance, & — e It is apparent that for

high values of reslstance the capacifance domi-
nates, while for low values of resistancee in-
ductanes 13 the controlling offect,

At higher fi'nqunn[!i(‘.s the behavior can hest
be demonsiraied by normalizing Lhe expres-

gions and plotting against 2 with the digsipa-
wq
. L
Lion factor at resonance, f), = Vit o 4% 3
parameter. This 15 dene for &, and X, in
Figures 2 and 3.
For values of )% lezs than 2, Lhe rogistunce

Cinereaszes with frequemey to a4 maximum and

then decrewses (o zere. For valyes of 22 of 2
or greater, the resistanee never rises above
unity. The same sort of behavior oceurs for
reactance, except thul Lhe value of £3,% 12 1 for
the monatonie eondition.

Dieleetrie loszes n the lunped portion of
the shunt capacizance C of Figure 1 are equiv-
alent £ 4 resistance

Ry —

~ Dot (6)
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Fromme 4. (laneral oormalised enrves of coactances as o
funetion of frequensy far o ficad resiszor.

witteh deerenzes with increasing frequency
und cuuses even the parallel resistance 1o de-
creaze rapidly bevond a eecrfaln frequency.
That pertion of the shunt capacitance C which
in digtribnted causes a similsr rapid deercase
in resistanee, even i e dielectric loss s nogli-
gible. These effects together are calied the
Boella effect. Tts omatanding sharacteristic
i that, when the ratic of a-¢ Lo d-o regizlance
(normalized parallel resistaneed s ploteed
apainet Lhe produel JR of frequency and Jd-c
registance, all pointz for any one type of re-
siator fall approximately on the same oneen,
regardless of the resistanée value. The de-
crease 0 resistance will amount 4o 155 for
wire-wournd resistors and the poorer composi-
tirm-type resietors when the produet 78 s 001
i3, MO and for the heal composition-type
resistor when fR js 10 {Me, M)

Tor any given resistanes value there il be
a cambination of residual paramecers thal
will give best performance over the widest
frepeney mage. Droper proportioning of the
residunl paramctors determined by the me-
chanieal eonstruetion will lead to the best
compromize design For a line of dxed restslors,
An example of thiz kind of design s the Tyre
663 Resistor, in which 4 fine, astraight wire is
uzed as the I'EbIS't-iVE'- element in order to reduce
skin effect. The inductance is held at a low
value by clarping Lhe wire Lo Jal melz] os,
which alzo aid in power dissipation. This pro-
duces a comparatively lurge shunt sapaci-
tanee, and the element 13 80 proportioned that

+'L7C iz o the same order of magnitide ag (he
resistence, 8 eondition which minimizeg the
changes of both ndoetance und capacitance
with frequency. Resistore of thiz type exhibit
oily 1% change in resistance at freguencies
a5 high ax 30 megacycles.

Wire-wound resiztors of the eard Lype ex-
hibit & negligible frequeney creor in resistance
np to about 300 ke, for values of resistance
up to 500 chms, and only moderate crrors at
UNe megLeycle.

When nseembled into decades, these resist-
arg lave added to thelr own residusl im-
oedances those of the switches, wiring, and
cabinet, The copdvalent cirenit is then that
ol Figure 1, which represents o single decade
of the 510 Lype. For assembilies of such deeudes
in the Tyren 1432 Decade Resistor the sune
eirendt is still valid, The ieremental induet-
ances of the several decades in the eireunit are
sdditive, but the capucitance is approx-
mately that of highest decade W use, Typicul
values of the residual impedunces for the
vurious types of General Radio resistors are
given i the speeiications for each type.

It should be noted that the efect of the
rezidual resctance depends grmrlv npon the

P acv et rd
W TUNNDULOG NS DL TN,

Reactances can often be Luned out, particu-
laily in parsliel civeuits. Fhis s a pa.rhrzu}arl_v
important eansideration with the bLigher
vulued resiztors of 10,000 ohms and above.
When the resistor 1s wzed a8 a parallel cirenit
elemnent, Uw upper limit of frequency lor a
given error is some L0 times higher than for
the series eonnention,

All General Radic precizion resistors of
100} ohms and above are wound with wire of
a newly developed alley which has many
desirable characteristies. Chief among theee
are a low and positive temperature eoeflicient
of resistance, substantially econstant over a
wide range of operating temperalure, and 2
newlipible Lhermal emd o copper. Moisturo
hax no appreciphle effeern on rs resistance,
and theee 1w hittle, if any, drill in resistanes
as 3 result of sCeaine pat in the wire when 13
wound on a card. Ita gecater tensile strenglh
1540 novantage it winding, making ik possible
to produrce Leiler and more uniform reosistors
than zan he made with other alloys.

Frovnmd. Eguivalent
cirenit of 4 resise-
ance dacada, shaows-
ing location wnd
valure ol residnal
e ancoes,
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