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.DE CA DE RESISTANCE UNIT S, as ex

Cillpiified by the TYI'~: 5 10 or 602 s('ric~, and 
decade c:lpueit()],s, 8m.:h [1.<: the T YPE 380 or 
219 series, have long fOllnd U:-iC as :-tandanls 
in electrical mca.<Hlrcnwnts and liS t'Qmpo
nOllls of ('xpcrinlcnta\ circuits in the Iabom
tory. Geneml Hadio COlllpany now oITer,.; a 
companion set of high-(Iuaiit,\' decade in

ductors which cover the t'allgt} from one millihenry 10 ten \W11I')";;, ml(1 
arc intended primarily for w~c at audio and the lower 11l1nt.~Ollic [1'(:

quem,je's , Each T n'I'; 010 DCl'lldc Inductor Ullit cOIl"i,,!s of fOllr incli· 
vidual inductOI'S h:wing nominnl value!; 1-2-2-5, whi(·h nrc fl.,,~cmblcd 
wil h a T\'I'~: 920-A 
:-)witch joiniJl1,!; them in 
~ct'ie" to lH'hievc the 
tCIl "te!).;,;of tll('ckendf' . 
'I'll(' 'i'YI'g 149U Dec
ade Lntlm;tor,; pl'Ovide 
a wide mnj..,"C of ad
jU;,;tlHl'lIt by t'ombin
i ll~ IInf'(' or four T~' I'~: 

!lID Dl'cati('s in 'lsinglc 
(·ahinet. 

DESIGN 
CONSIDERATIONS 

Th('-:uindu!'lOl'i-1 p~
<;:0,;::', to ~1 con<;:itlemble 
degree, the most de-

Figure 1. Vie w of 0 four·dial 
Type 1490.8 O"cade Indue/ot 
<overing 0 ronge of 0 to 
11.11 h' in .tep. of 0.001 h. 
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GENERAl RADIO EXPERIMENTER 

sil'able characteristics of a standard iu
ductOl" I n the first pl3.cc, in cont fast 
with variollLctcrs and ~olCJlQid wimlillb"8, 
it i" important. that such inductors be 
astatic, so that vultagei'; arc not indut't'(l 
in them by 8lra.y magn('tic fields and, 
COfl'cSpondiJlgly, they do not. crellte i'X
ti'I11:11 fields when iJl U!'lC. This is accom
plished by winding each inlii\'idunJ i!l
fiu/'tor 011 :l. toroidal form wil h n. uniform 
dbt ribution of its turn;; around the COI11-

plete cireumferenrc of the toroid. Such:\ 
tomk\!\l winding will be astatic except 
for the equivalent of a single turn loop 
having tile mean circumference of the 
toroid. These individual jn<luctOl1; Uluy 
then he stllc kix l ill closf' proximity with 
a negligible llIutual incluctanct' bctWl'elt 

them. 
To miJlimizc their d-c ohmS-11cr-hem.y 

ratiu,'l, ru}(1 thus to tnCN':l$c their low 
frt'quclley ~tomgc fadors Q, :\ multiple 
la)'(,I' winding if! required. To minimize 
dil< t rihuted capacitance aud to l'al5e their 
11:l.lural frequent')' :l.nd their high-fl-c
quclley 13tOrtLl,'(' factors, tl banked wincl
ill~, rather than a succession of layers 
around the toroid, if; required. A s pecial 
toroidal winder was dcveloped for this 
purpose. 

To aehif've a high valuc of mllximurll 
Q with a minimum of bu lk, mlll to htl.ve 
thi~ maximum OCCttI' within t he 01)Crnt
ing f]-cqucllcy range, required a fer ro
magnetic core . Sinte the 1)('11neability of 
a fCtTO IlUl,l,'llet ie medium is markedly a 
function of the flux existing in it , such II 

, 
t'Ore musl. be diluted with a non-mag
Iwt ie material to minimiw the eddy 
curn'nt. looRC8 within the opcr:l.ting fre
qUCllt',Y nlllh"C, fl.nd 8hould have low 
hys t.{']'CSiR loss. Fin ally, for suble cali
I !I'alion, I hc rorc shOll Id have a millimUl1l 
telllpcmturc coefficient of permeability. 
A s tahilized molybdenu m permalloy 
dust core meets these requirements sur
co:"sflllly ~l{l, for t he first time, permits 
a RutiRf:wlory decade inductor to be 
cOll l"t rlll'ted which !Lns the operating 
chametcl'isties described below. 

CONSTRUCTION 
Molybdenum Permalloy Dust Corel 

The TyrE 9·10 lnducLors arc wound on 
stnbili1:ed molybdenum pennniloy dust 
to .. oid.~, which were developed by the 
BeO Telephone Laboratories for IOlldillg 
coils und fIltet' clements, and which arc 
described in a noteworthy puper' by 
Legg and Civell. Crain s ize is 120-mesh, 
giving a lUcnn diameter of 42 microns 
:)lld an r-m-5 diameter of 50 microns. 
QlIoting their data, the 2-81 molybde
Ilum permalloy (molybdellum 2, nickel 
8 1, iron 17) s hows tl. positive tcmperature 
coefficient of permeabi li ty of :tbout 
lSO/ J06 per degree C. To th is alloy is 
added !l. ~ma\l qlumtity of !\!lother pcnuw 
tdloy containing 12 pCI' eenl. ll1olylxle
num which , ht1viJlg a Curio point slightly 
above room temperature, j':hows a large 
negat,i \'e coefficient :"It roont temperature. 
As indic:tted in Figure 3, the resultant 

1&11 SY>'t~'" Techno ... ] Journal. \'01. 19, July, 1940. 

Agure 2. front and 'eO' ""ewo 01 0 Type 940 Oecode Inducto. Unit. 
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, 
mixiurc gives a "f;tahili)lcd" core whid\ 
hw a Ilcg[uivc coefficient of lluout,2-I / 101l 

per ch'grce C. (a 7.5 fold red uction) ovor 
the runge 16-32 degrccs C. Below 5 
degl'cCfl C. :lnd above 50 (i<!grCl"'l C, 
thCl!c !!labilizcd !'01'1:8 I'c!;:lin the large 
posit ive rocfliticni of the 2-8 1 :l1l0Y· 
Lcgg and Given al.~o show maximum 
rcrmeabiliiy occurring at about 6.5 
oersteds lind cxcflC(ii llA the initilll vnlue 
by about 2%, !llld inditutc th:lt thr 
effective pennelLbility has droppctl to ii i;; 
initial vallie when If is iHI' I'C:l • ."(·d to 
ahOllt 16 (}{'rstcds. 

Wind ing and Calibrotion 
Sinetl these illdllctol'~ arc intended pri

IwU'il y fol' UPC at audio and 8omcII'hat 
higher frcqucllriCl' , Ull availftLlc l'Orc 
\.ypc having a notnin:11 permeability of 
125 W:1.f; chQl:cll. Each COl'O is initially 
IIlcnsuf{'d iJI an cleven*turn jig. The eor* 
teet numbe r of tUI'Ili' for 3. specifiod in* 
ducbulCC cun thell be prede tf'rlllined 
withill a turn or two. A i'u it:\blc adju"t* 
mc.nt of the toroidal winder then inslIl"CS 
!I full circumferontial di;':'ribulioH of the 
winding. After winding, cach inductor is 
checked ag3inst a stllndfml un it with a 
comparison bridge !tIld is adjusted, iJ 
necessary, within prescribed fract ional 
limits. The uitim3to Jimit.s, obviously, 
lIlust, be broadencd as the inductallce is 
roouced. After illlJ)l"cgnat ion a set of 
four inductors having v:\lues ) *2*2~5 is 
mOllntcd into tl decade af"embly. 

Electroltotic Shielding 

Ench of the TYPE Q-IU [}cCllfh·s is cloc
trostatielilly :;hiclded. A!l supplied, nci
ther terminal is connected to t hl' ehus..,is. 
If the terminal marked I.OW is grounded 
to tbe ch3.,~i s, a minimum of eapaeit:UH.'e 

Figur' J. Temp,ralu,e moraeleri.tie of mol'l b
detlum permalloy d",1 core (C"".leoy Bell 

SY'lem Tech .. lcal Jou,"ol), 

JUL Y, 1949 

is piaef'd across the 5-unit toroid arid 
gives the iarb'CSt. min ilHUIll value of nat
ural frequency for the dccado. Thc Tn'E 
1490 Assemblies art' mounted i l l a metal
lic cabi.\let.. No point. in circ'uit is int c r
na lly connect ed to the dw.8sis. A tcnniu!ll 
post, m:\l"ked G, is mounted all the 
cabiJlet panel which, if desired, ma.y be 
connee\('d to tbe inductor torm inill 
markeu LOW. This will pineo u min imulll 
of ea.pJleitance across the highest-valued 
decade in t he 3.'$.'Sembly :Uld gi\'e the 
largest minimUlll vn llle of natuml fre
quenc.), for the ent il'e asscmbly. 

ELECTR ICAL CHARACTERISTICS 
Variation of Inducta nce with Applied AC 

T he Ihyleigh' equation gives the 
variation of the pe rlllenbility J.I. of 1\ 

ferromag netic m!\lerit~l from it.s initial 
value in terms of t.he applied nmglw
tizi ng force 11 : 

J.I. =p..,+~1I (I ) 

T his e<lnatioll holds fOI' d iluted cOl-es, 
jJl"Ovidl.>d that.. the initial value of tbeir 
ctTcctive permc:\bi lit.v J.I.~ is substantially 
gret\tcr than unity. 

These THE f) -tO Induct.ors :lrc ('a1i
bmted in terms of l hei r i!litial inductance 
Lo cOl"l"cspontii ng to J.I.~- III tcrlllS wf 
Equation ( I) and the eorcgcornctry, for 

'lI<lI !'i''''l~''' 'fed,n",,,1 Jo;.urnal. \',,1. I,';. JallUUfY l!);l(i. 
Pl'gI! ~4 
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ILlly individual L~ (absolute henrys) 
carrying any r-m-s current (ampcrcs) 
thc corrccted ,·:duc \\'ill be given by : 

L ~ 1.,,(' + ~/VL,) (2) 

or in terlllS of thc r·m·s applied volts 
and the f rc<wcncy: 

It wali fo und that the initia.l values of 0: 

:\nd fJ :1. 1"0 0.84 nnd 2.03. These numcriC:l.i 
coeffi cients hold f"QlIs/(ml (Rayleigh's 
l:LW) up to nn IL of about 300 milliocr· 
btl'd!;, corresponding to :l. value 0.0010 
f(ll' the product 1 ~ and a.n increase of 
0.20 per cent above the initial induct
'LIlCC. The variatiou of fJ lLt higher values 
of IV"Lo is shown in Fig. 4. When the 
correetion factors in (2) and (3) arc used 
they must be applied individually to the 
toroids actu:dly ill circuit and the re
sult.-; added . Ord inarily it is necessary to 
do this only to tbe larger units of a series. 
Further data arc given in the specific:l
tions below. 

Incremental Inductance 

To a close :lpproximntion, when a d-c 
Liasing eurrenL 16 is pas-;oo through 

,, - - )'. 
"-, 

" ., I~~' .. 
I"-" .. 

• 
these inductors, their initial inductance 
is reduced in a degree proportional to 16 

if the product 16 ~ in amperes and 
henrys rem(J.ins less than 0.010. Thc 
cqllation for Lhis COrrection can be 
written: 

L = LoU - -y/~V""Lo) (4 ) 

The coefficient 'Y will \·ary somcwhat 
wit.h t.he simultancous a-c excitation, 
but a typic.'l.! value of 1.4 elln be used. 
The increase of 'Y with higher biasing 
levels is indicated in Fig. 4. 

Frequency Correction 

Any induct.or possesses a certain 
distributed capacitance, which resonates 
it at its Mtural frequency and raises its 
effectivc inductance aL any lower fre
quency. T hese Tn'''; 940 Decade In~ 
ductors havc been calibrated at I,heir 
minimum or zero frequency values. If 
necessary, t.heir effective inductance at 
any operat.ing frequeucy may be com
puted from the equation: 

L ~ :--,L",';-o;-
w!LoCo 

(5) 

}\P])I·v]Jriale values for the distrihut c\ l 
cajJucitance Co arc ind icated in the 
spccific:\tions below. 

• .. 
- .. 

O-C Resistonce and Ze ro 
Inductance Values 

Each of the toroidal ill
dlZctor~ was wound with 
the minimuill resis tance 
practicable. The I , 2, ami 
5 mill ihc.III"Y toroids, as 
woulICl , ha\·c about. 60 
ohms PCI" helll"Y, while 
the higher values havc 

. ~ -' lK I 

f':: f- ;:.:. 
, 
, fig",. -4. Vo,io lion of the co.f· 

Rei.nll {J ond "y used in Eqllo ' ion • 
2,3, ond -4 . 

, . ' 

.~ - - • .. " 
, 
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, 
ltunu t 4-1 ohms per henry. The switch 
and connector rc:;i.~ l :Ul CC of eneh TYPE 

!).IO Decade is about 30 rnilliohms, of 
which ollly " milliohllls is actual contact. 
fc~ ill t:U)('C [lnd subjcrt. to possibh: varia
tion. These 30lnillioillns arc il1 tiigtlifi c~Ult 
in the higher uecade units, but they do 
appreciably rcdure the low (requcuey Q 
vailies of the THE tJ.IO-A DCC:ldc, ospe
cially when Ihis lowest dcclidc i ... used 
aiooe in Lbo Tyh: 1400 A mblics. The 
zcro-sdting te.'l.istancc of l' ithcr Tn'!:: 
1400 Assembly alllounts to 30 milliohms 
per decade plus 30 milliohrns for tho 
internal wiring. 

Each TYPE !).:I O Dccadu hns a zero
setting illducttUH;C or n,l3 microhcnrys; 
the zcro-8CUing inductance uf the THE 
\400 Assemblies hi 0.31 mic.rohenrys pCI' 
dcc:ldc. 

Storage and Diuipation Fadors - Basic 
Theory 
The ulilit,y of au inductor at any fre

quency :UlU operating level is established 
by its storage factor Q, or by it ~ di ~.'l ipa
t ion factor D, which is the reciprocal of 
Q. The following analysis is lUI expansion 
of an earlier papcr'hy \'wo of thcauthor's 
l'olleHb'llcS. I n an indUclor having Ii ferro
magnctic core, the magnitudes of Q and 
Dare dependcnt upon two fund:ullcJltn l 
types of inlcm:lIloss - t.'OfC or magnetic 
loss, wh ich is a fUIlClion solely of tho 
core used , and winding loss, which de
pends solely on the willding applied to 
lhe core. :Maglletic loss, i,l turn , has 
'McElmy . "d J';~\d. ' ·lln ... Oood i •• " lroll-oote<' Cui l?" a ... ..-al R,w,o lfztNr" ... ~u., M ",. h. 1 9~2. 

flgu •• 5. fvoIulion of Itt. 0 evn-. for on. r.e .... .,. 
to.oId en. rolud 01 100 ",illlo.flled .. 

looblol .. 0 .. ( ... ". Cldd o.dinCl leo of II ..... 0 " 
O~ ond 0 •. 

10 oblll;" 0 .. """'. odd ordinal" of lines 0 " 
0 . Clnd 0 ,. 

To obtoin flnol 0 evrv. Cldd o.dinolet of 0 .. 
lind 0 ., 0; ....... ' . 
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three COlllponellts - rc:;it\uul 10!'.8, hys
teresis loss, aJld eddy CIlITent 10,." . 
Winding Io.~, iikewi:;(', htL'I th ree com
Ixmenis - t"OPI){lr lo.'iS, dielectric loss in 
the insulation of t he windin~ :Uld its 
environs, and :;k in-cITcct loss due tu eddy 
current s indtl(,:ed ill the windings. It. c:Ut 

be shown lhat. thl'!)C six component 10:;i;CS 
may best be combilled in tel'llIS o f t he 
surn of the cOlTcspollding dis. ... iputioll 
factors : 

D - D.+ D.~ (D,+ D.+ D,) 
+ (D, + D, + D.l (6) 

The residual dissiptttioll factor Dr is 
proportional to the effective ~'rl\lc:tbil 

ity / of the core and it! indepcudt'lti of 
the fl"cqm'lIt"y. At low illduction k:vcls 
where Rayleigh's Inw holds mid a in 
Equation (1) is const:ml , the hy~1t'rcs is 
fu ctor DIt is indelX'ndcllt of tilt' fre
qucncy flUId is proportional to II . The 
t:dely current factor D. is proporlion al 
to the product /f. 

The copper-loss di;..sipatiolJ fflclor Dc 
is defined as the ratio of til(' d -c I"c", i ... f.... 
alice n' to the react:mcc of the inductor 
:lnd is, therefore, ill\'crscly proport ional 
to! and becomes ti}(J prt!domimill t l:OIll
pOllent of D .. lit low fN.'quclH·jC!i. Th\J 
dielectric loss f:lc1or Dd is the lIIaj(Jf 
cumponent of D. at high froquc ll cics, 
sillcc it is pl"oporliolHll to the S(II1:lr(' of 

, 
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Flg~ ,. 6. 0 c~rv ... fa. the full value of e<l m 
Typ. 940 Ifldudor taken <I ' ;n;' ;<l1 1'. D<I,hed 
w.ve, «>r.e.pond 10 u." with cha,." floating" 

the frcq ul' lIcy, /)jJ ('lin II<' cVlliuft.tod in 
tenll1i of the 1HJ.t llml fr<'qlU'IH.'Y fo and Do, 
which is the value of /)J at. fo. ( IJ", ;11 
turn , ('an 00 cCJ)lsidcl1-'d to he indl'pl'llfl
(,lit of the ol>cmting frequ('llcy. ) Finan)', 
the di"sipatiolC b ctor D. due to skin 
dTccl is propoltional to the freq IH' IH'Y 
,Uld usually Cilll be made- insignificant uy 
replacing l:ulW diameter wirc with lit z 
wire (with ~ome increase in D.). Th i~ 
was donc in tbe 1, 2, and 5 millihenry 
toroids. 

Suustituli ng these f;ix fuctors. ;n sc
quence, ill to (0), we h:t\'e Equ:tlioll (7) 
in which c, h, kl' find k, ul'e appropriate 
const:mls. Not e that only Dh depem!:, 
direcUy on the opcf.'1ting level und hCJ)re 
vanishes at initial ["l(Inneabilil,\' , 

D = G: + bff + k'll'f) 

( 
R' DJ' ) 

+ 2'''1 + I.' + k,J (7) 

Introducing empirical values for the 
constant ~, Equation (7) npplit-ti to Ule 
one hrory toroid hecomc!:!: 

D~ (O.00060+0.002911+3.0/X 10-') 

+ CO + 27!'X 10-"+ 25/X IO~) (8) 

Figure.') shows tho gl'!lpb icul n'p l't'
scnt atioll of IheS(l six J) COlnponcmls fOI' 

• 
the on~ henry toroid and Lheir progrcs-
$iVl' :O:UlIllIHltion in t en llS of /)", and D", . ......... 
D~ was eva luat ed at an :1I'bitr:ny level 
of 100 mil1 iocl'litl.'ds produced by Ii 

1:I1I'r llnl; of 330 lIIicro::lJuperes. 
'Ve thus SCi' that the reduct ion of eddy 

currents by n fine ljulxli,"ision of the 
fe l'l'omagnelie material , together with 
its slllall hyrltere,,;s los.'i, pCl"rnit.s the low 
dissipation factors iudicated in Figure 6 
to be obtained in t hese high quality iJl 
dH(,tors, These Figu re 6 data were ob~ 

tained (' \ose to illit ial permeability, 
whet'e Dh bccomes negligi ble, :Ulc! show 
clearly the effect of dis placing t he Df/. 
line to the 1ef" :ts the values of indu ct
ance arc increased . 

Safe Operating Lim its 

On t he a."slllllplion that one of these 
toroidal WilldiJl~ call dissipate two 
watts withol lL de\r'imcnt al tetn]>Cl'llture 
risc, the r-IU-S Cllrnml valucs desigmlted 
US 12 ill t he specifications below were 
obtained. Such cmrents , howevel', would 
materially lower the inductallce be low 
inilial ,'allies. To IlNoid any pos,'Ji blc 
" magnetic memory" modifi(,:\t ion of D", 
lurge currents shol1ld be reduced pl'O
b'TC!;sively, !'athel" than hy a sudden in
terruption of the circu it . 

I n addition, it shollld be borne in mind 
that , if these high Q inductors [l.11;: reso~ 
lIated by tuning with extelilul series 
cllpaeitalH!e, the voltages developed 
aeross them nUly substantially exceed 
thaL of t he circu it gencmtor. A safe 
limit may be taken as 500 volt s rms for 
:lily fix\.:d position of the inductor switch . 
T o provent det l'imcntal arcing Ill. the 
switch contacts, the voltab"e on any 
declldc unit should not ('xcecd 150 volts 
nns when the switches arc manipulated. 

Mr. R , F. Ficld collaborated in secur
ing the data quoted ill this arti cle. 

- H OnA'l'1O W . L AM SON 
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TYPE 940 DECADE INDUCTOR UNIT 
SPECIFICATIONS 

"""'DC'I" Em:h unit i~ o...IJII.;;:led I!O t lmt itil ill
(luctance j l t zero frequ('IlCY lind initial pcI'llH .... 
ability wlll be the nominru vtllue \\';thil1 the 
IU:CllfIlCY tolerance given ill the foJlol\' ing tlloble: 

I ndllctll.lIce I I per step 1 mh 10 mh 100 mh 1 h 
Accuracy ±2% ± I % ±O.5% ± O.25o/c, 

F . . ...... n .... Chorac'e.i,Un, Sctl " f,'requency Cor
re<:tion," pilge 4. TypicnJ vnlues for the d is! rib
lIte<1 ClIp/wiUl.n,'e Co of the T HE 94O-A Decade 
Inductor Unit. !Ire lL'I follows: 

Step ___ 1.. ! .! .! ~r: 2. ~ .Q.. ~ 
Co (1';<0; C hflssis 

tied to Low 
Termiull.l 00 (j() 50 50 50 540373535 

Co (1'I'f) ; Clul..~is 
Floating 4545353500 40 3S 32 30125 
For thc Tn~;s 940-11, -C, and -D tho abVve 

",<lues should be multiplied by t he f,l4:w/'II 1.1, 
1.25, and 1.5 respectively. 

DIs. lpo/ion Foclor: li'igure 4 IIh()\\'~ the vlIri:l.tion 
uf the diSlOilJfltion ffleto r D _ I /Q with frequency 
for the ful value of cnch inductor. It will bc 
secn t hn.t m:u:imum storugl' f:lewr Q \'nlu(!IJ 
bet\\'een 200 und 330 >lrcohtflined fit frcquc]wic9 
betwecn 2 nnd 5 kc. 
hmp.,,,I .. , . CDlffld' nt, The tempcrnturc c0-
efficient of inductance is nh-out - 2·1 l)flrts per 
milJi')1l per dcgroo Centi,l( r:uic . See Figure 3. 

M"I(lm .. m V"It"o.' Th,.. m:lXimmu r-m-s volt:lgc 
tor which the units ure lusulMed is 500 ,·011 ... . 
The 9witrh will break the circuit lit 500 vo lu< if 
turned rapidly w the !lew $etling. but vn!tllj({'l! 
!lUove 150 may C'1I 1$C dc~trnHivc Mring if thl:' 
switch i.i sct betwN'1I deteut pll>!iliulI.\!. 

C ... Tlnl Cha,""I ,III"S "nd Max'm .. m C ..... l nl R"I;"o': 
The {'Oro permeahillty IUHJ the jUljUdlllll'I" value 

TYIIi! I ndur./'IIIu 
-"-----,,~-,---:cc-:c--

940-... 0 .0\ h I .. 0 .00\ h .lIpo . 
940-8 0 . 1 h In 0 .01 h "'po. 
940.C 1 h In 0. \ h "I,p". 
940-0 10 h , .. 1 h Slip • • 

of elwh turouj nrc rol.;('(\ 0.1 % by the :l1)plicu
Uon of 1.22 1\Ill IX!re tu '·US. Till! rurr{'ilponding 
r- m-s ('urretlt v,\Iu~ 1\ for e,,,:h of the toroid" 
fir/" listed below, logcther \I'ith the r-m-s current 
vn!uC9 h l~)rregp()llding to n Slife hC!l.t diss.ipll
linn of t\l' j) II'lltl:! \"IN tomid. 

II l mu,) for 
---

Inductor 1'owid .1 % ;m·re:l.w 12 (amp) 

9 10-A I mh 15.tJ 7.2 
9'IO-A 2 mh 11.0 5.2 
!}·IO-A 5 mh 7.0 30 

9-10-1:1 I() mh '1 .9 2.3 
9-10-13 20 mh S.li L7 
!J.lO-B 50 mh 2.2 1.0 

!}·IO-C 100 mh 1.50 0.72 
I);IO-C 200 mh 1.I0 0.52 
!}~O-C 500 mil 0.70 0.30 

940-D I h OA9 0.23 
fHO-D 2h 0.35 0.17 
040- 0 5h 0.22 0.10 

Currcnlil of t\\·i(,<, the I I values will proilut"tl 
0.20/" inuc!liIC in ill(ltlt'tllnce; 5.4 II giv('80.5% 
inrreltSe in ind urtflncc; 14 .6 I I giVC9 1% in
CI'('1lSC ill inductance ; \I·hile 43.4 h glVl)!I1I mnlCi· 
mum incre!~ (2f';') ill indllr. ... uICC. Still !argcr 
currculilwill derrefl..'le the int!nrlullc/" progres
~ ivel)', Lill." errOl" beiul/; zero ~.l !l.1)."nt l OS II IUlci 
ncg:uive :It. !:\rger v),luCil . 

h.minol., Snltlerillp; lugs nrc provided. 

M"u .. ,;nll' Earh dccnde j~ t'Qrnplcte willi dilll 
pl ,uc, knob, :\I.d 1ll0llnljng ;Uircw~. 

Dlm . .. s'"n., (Width) 7 1 ~ lC (heip;ilt l 3 Y.; x (depth 
behind paue]) 37." in('I],..,., o\'cr-nll. 

N.t Weight: 3 ,h poUI\t!iI . 

('we Word 

INIl Ut"I'QA~1' 

I NIl 1JC'I'OIlO\' 
INIJU("l'(){'~'T 

I ~U l'(."I'()UOC 

$62.00 
56.00 
62.00 
70.00 

TY PE 1490 DECADE INDUCTOR 
SPECIFICATIONS 

F, .q ..... cy Ch"r"cll.lIl1u, I n del('rmin ing t he 
rorrcction rl"lCtor ufJ-Co/ .. UllC t he Co vnluc l~o rre
~pondinll: to thc Inrg~t lIer:ltle unit nctu:l!ly in 
circuit. Fur each larger d("eMie unit not in circuit 
luld loollll f if the inductor is grounded to the 
pf\nel or ,uld 201IIIf ir the illdllcwr is UIlt 
g rounded to the panel. 

h.m!n"l .. J :II'k-wp binding !lO,;tI!. 

M"unllnllt The d'-"':lod("S nre m{.\mlcU (JII nn ulu
minullI plillel in n mclal cnbi,,!!t. 

Oim.".l" .. " 1400-A 12!.j x i S ~ lC 5 1-", il1~he.~ ()ver
nil height; 14 00-BIG"!i x 7 ;~ lC 5 % inchcs over
nil height. 
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GENERAL RADIO E X PERIMENTER 

Nt! W.ighl: T\ I't: 14!JO-A, 15 IlO lI llUSj TrJ' ~: 
1400-11, 19 pound~. 

Typ' 

1490-A 
149().8 

1. 11 h, ,,,,,,I, in ".p' 010.001 h • 
11.11 h , '0'01 , in ".p' 0' 0 .001 h • 

• 
Olher f!pccifir:lliQlI;< ILre fdenli rnl wi ' h 1 h,,;:/' 

for the TYI'~: \140 Oe<lluie l ndlldvr U"l t..~. 

I 
e,l/le Word 

f"1.lf\U' 

("O.\ ( 'U 

" ricc 

$220.00 
285 .00 

M ISCELLANY 

RE CENT VI SITO RS to OUl' laboratories; 

P1"01n England: Mr. R. L. Smith-Rose, 
Superintendent, Radio Division, De
partment of Scientific nud Industrial 
Research, London ; Mr . .1 . F. Co..'l.lcs, 
Director, Researeb Luborntories, Elliot 
Drothers (London ) Ltd., London; nnd 
Mr. H. G. Clnrk, Consulting Enginocr, 
Epsom, Surrey. 

Prom Spain: Dr. A. Gurvis, Technir.lll 
~'fanagc.r , and Mr. Domenech, Com
mercini Mallftger, bot h of Iberia Radio, 
Barcelonu; ami Dr. A. A. Pnsclicei, Re
search Section Director, Ihdio lIispano 
Suil'.a, Barceloll !L 

From FrarlCiJ: Mr. Paul Fabricant, of 
nadiophon , Paris, Distributors or Gell 
eral nadio producJ.,s in Fr:l.nce ami the 
F~nch Po.r.;.'>C!'siolls. 

From Dellmork: 1\ 11'. O. Lund, Com
munication Lahoratory, Hoynl Tech
nica.l CollC'gf' , Cop(lIlhagr'n ; Mr. Viggo 
I\jacr, M:lIlnger, Bri.icl ami T(jacr, 
Copenhagen. 

From China: !Ilr. F. C. Chien, Chief 
Enginocr, Cent ral Broadcasting 8t:1-
tion, Nanking. 

From /laly: Professor Vnlclltulo Zel" iJil! i, 
Chief of ~'i:lgnetie Section , i nstit.ute 
Elettl"Otecllico Nnziollalc "G. l~crraJ" i ,.;," 

T orUlO. 

Prom COlla(/o: Pl"ofessor n. dc I"~. Dayly, 
of t he University of '1'Ol"Onto. P"ofessQr 
Bayly is head of J3ayly EnginC'Ning, 
Ltd. , Osl1:1.wa, Ontario, who IW,ndl(l re
pairs of Geneml nadio inst.ruments in 
Canada. 

VACATION - D uring til(' wl,'('ks of 
.July 25 and August I 1I10st of our elll
ployees will be vacationing. ~ rnllllraclur

ing dcpar1 men ls will be closed , :l.nd olher 
departments will be manned by a s kr'IC'
ton slalT. Evcry CIT011. will be made to 
take care of lIl"l:,>"cllt business, but repairs 
('annot be made, except in hflrdship 
cases. Qu r Service Department l"eqllC'sls 
that, shipmenti; of ilIa! cri: .. l to be "cpairc(1 
be either schcdu lC'd to rC!H'h us wC' l1 bf'
fmf' 1 his vilcatioll period or dciap'(l un! il 
:lftCl"wlu·d. 

GENERAL RADIO COMPANY 
215 MA SS ACHUSETTS AYE NUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE : TRowblldl' 6·HOO 

BRANCH ENGIN EER I NG OFF ICE S 
HEW lOll( I, MEW 1 0RK 

ID WEST SfRH1 
TEL- WOrl .2·SU) 

lOS AMIlHES n, CALIfORNIA 
UII NORrK HWlRO STIlEET 

TEl. - HOII, .. ., ,. UIl 

CH ltAllO S, ILLINOIS 
U. SOUT H MICHIUN AVENUE 

TEL-W'hl~ 2· UU 

'.' ;;" '. 
" .. 
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