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A WIDE-fREQUENCY-RANGE 

BRIDGE OSCILLATOR 

IN T H IS 'S SUE 
I'IJ~ 

TOHOIIML, D\,:I<T>-CoH.: 

S1"'~OA,KJ) bucc-
TOM:; ..•••••••• :; 

~h>ICt:LI.\NY • . • . .• • •. 8 

• BRIDGE MEASUREMENTS , nnlcnna 
meaSurements, and muny lahomtory procc· 
elures require a stable, vlII' iable-frC<llIcncy 
source or moderato power output. The 
standard-signal generator, while adequate 
for most purpo&'S, is not. an economical 
solution because its output is low and be­
cause it includes amplifiers, meters, attent!-
alar'S, etc., which are essential to its prOI>cr 

function but arc needless components in a laboratory signnl source. 
The TYI'E 1330-A Bridge Oscillator" was designed to provide a more 

slltii$factory solution both tcclmiclIlIy and economically. This now oscil­
lator is recommended for usc with General Hadio bridges such as lhe 
Tn'''' 71G-C C!l.pacitance Oridgc, the Tnt:S IJI6-A ilnd 91/j-AL Radio-. 
Frequency Oridgcs, and the TYI'E 821-.'\ Twin T. 

RANGE AND OUTPUT 

The TYPE 133O-A Oridge Osci llator supplies three audio frequencies 
(power line frequency. 400 cycles, and 1000 cycles) and a wide continu-

Figllr.1. Pun •• ~Ie'" 01 the Typ. 1330-A " idge 0«111010" 
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GENERAl RAD I O E X P ERI MENTER 

nus runge of rndio frcQuencies (5 kill). 
I'Yf'l~ 10:>0 megacycles), rilhcr modu­
I:tted 01' unmodullllro, 

'I'llI"' output voltage i;; or the onlet' 
of ten volts, '1'111' oulPUI powf'r into r'I 

;)()-ohm load is more Ilta., olle watt o\'el' 
most. of the fl'etlUellcy spcetn.m. Typir:11 
output. pcrfonnulicc is lndicllted in 
Figme I. 

MOUNTING AND SHiElDING 
In vicw of its rugged con;;ll"\ll;tion, 

wide-frequency range and npprecinble 
power olltput, the new bridge oscillator 
is surprisingly compact The relay-mck­
type pancl is onl.v seven iU('hcs high. 
The aluminum cabinet is about nine 
in('lIes deep lind provides doublc shield­
ing whit'h I"(xluccs the strfi.Y field at one 
I1ll'gn.f'ycle !O about 50 mi{'rovolts per 
meie]' two feet from the instnllllellt. 
The instrument can be eu • .,il.\' "cmO\'cd 
fn:Jlu its l.:abinpt and mounted in u relay­
J"Uck. Sillcc the radio-frequency circuits 
:.Ire completely enclosed ill a shielding 
compartOlcnt, I he stray-field lc\'cl il:! 
still sufficiently low for most applica­
tions. 

T"I'E 874 COI\.-..:ial Output .Jacks ~\I'l' 
pruvided; the ('ouxiall'llble and adllptors 
supplied with t he instrument permi t. 
('omple1c sh il"'ldil1g fl'om the oscillator 
10 lilt' oocflSllring instrument. 

CONSTRUCTION 
Rinc(> frccluency stability is \'ery de­

siruhle in uriclgc meaSlLI"Cmtlllt,.s, the 
rugged medumi!':ll con!'trnction used 

, 
in t he '1'Yl'B lI)Ql ·A Slulld111"11-Signal 
Cenerator' wns adopted fo]' the nell" 
o:>eillatot". The tuni ng ullpacitOi' haS 
preloaded un it I;cflrinl,,'"S mounted in 
3/ 16-il1ch end plat.es lWei thl' end-plate 
f'lIP IXl]"iS U]'e ] z-inch diamctel' I'ods. The 
en t i I"C oscillator assembly is moun il'd vn 
tI. !i-inch 8ubpUll(>1 for complete rigidity. 
The radio-fl"ctiliellcy range switdl is 
takcn bodily from the signal ,l,(Cllt'l'flt or 
design to provide the cighL coil turret 
positions. The r-f oscillator coils, bow­
e\'N, arc of diffcrent. dcsign, since the 
u8cillator must deli\'et" power diredly 
to the loud. For the sa me relll'~on, the r-f 
oscill(\tol" tube is the higher-power I.vpe 
6AQ5 mininture tube which has a r;lting 
of 12 11'[Hts plate dissipation. 

The oseillator assemlA." plugs into a 
deep bl'tl.ss box and thc double cO\'cr' 
com plet.es t he shield ing. Si nce the twu 
leads entering t.he box ttl'£' full." filterC'd 
and t he four shafts extending from lhe 
box m'C' enclosed in shieldi ng sleevcs, tIl(' 
leakage is ut a minimum over I he entire 
frequency range in spite of the high 
voltage level inside the box, necessitfltNI 
by t he power' output rcqui,·eIll PI11s. 

The powcr·supply, on fl sep:H:ltl' 
bmcket, is mounted alongside the r-f 
eompnrtment. 

CIRCUIT 
Thc rudio-fl"(..'(IUCIlCY OSCill:1t()l' is titc 

HurtJe,\' t.ype with its tllppetl coil and 
"floating" l'ot.or aud 5to.tOl' of t be tuning 
Cll}lllCi tOl'. T he high£'r-freq uency com­
ponents lire quite r:onw'nlionul in de­
sign. At the lower radio frcQucllcics, the 
plate und grid ('oils are mounted ad­
juce]]t t.o cach other to ]X'rmit propor-

'A. G. U""",,,u~t, "C:~lU'noll'"."..... A-)I ;::uml~r,I-l":i,~,,~1 
C:~"~"'I"'." r.~,,,,,,l H"'Il~ KZJ1o!r""">II~. ::!epte".t ..... , lU~lI 

Figyre 2. Reo ' view with ,""ield removed. Power 
, "pply ... ni. ;1 ot lIIe rtghl of Ihe onembly. 
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Figure 3. Elementary WI""II diQII ' o", 01 Type 
1330·'" Bridge O KiUo lor. 

1 ionillg the coupling between the output 
coil and the plate and grid coils, fo]· tow 
carrij»" distortion. 

:\ rodutation of 1311ch 11 \\"idc-frcqucncy­
range osci!lator by the usual methods is 
not z\ simple maHer. t:;illce modulntion 
il'! limited to h\"o audio freque ncies (400 
tlnd JOOO eycles), 1\ novel lUlU \"cry 
('fTcclivc method was devised for provid­
ing plate modulutioll. The plate-supply 
by-pass capacitor of the r-f oscillator is 
used as t he tuning capacitor of the audio 
oscillator, thus dispensing with the mod­
ulating choke ("oils and r-f filters t111lt. in­
evitably callSt.! dips in output lit some 
frequency or other lind upset the normnl 
operating condition of the r-f oscillator. 
The method has rcsultefl in excellent 

figurft 4. vraw of osciliolOl" 
unit ramovftd from cobine t. 
SeNicing cobre II lhown 
coi!ftd in ill ,torQgft position. 

D E CEMBER , 1950 

modul:ttioll charactcrislic-s OVl'r the 15 
kc to 50 l\'i c spall. The shape of t.he tnbe 
characteristic is fortunately stich us to 
compensate for any distortion in the 
audio oscillator .. \8 [I. consequence, evcn 
though thc audio oscillator distortion is 
nbouL 5%, the envelope distort ion of Lhc 
modulated cunicr is usually less thun 
5%, and at. many points is Ier-;;; than 1% . 
The modulHtion Ic\'ct is either 3ot70 01" 

60% as selected by the toggle switch Oil 

the> panel. 

COMPARISON 
I t is inlCl·csting to r:omparc I he nl'w 

inst rumenL with the prewnr Tyl'~: 684-A 
:.\ l odulatro OscillatOl·· that fot' many 
ycars was the stnndflrd bridge oscillator. 
T he new instrument is c\C\·CIl pounds 
lighter, ('onsumcs only 11Ilif as much 
PO\I"(>r, and hail about. lw.lf t he volume, 
yct it covers:1 wider frequency range, is 
more ruggl'd, and supplies about tim 
timeS the output power at. tL much lower 
impedance level. 

All of thcsc impro\'emcnts have been 
ar:hie\'oo [l.t. a lower rcal price, when wc 

'· ·A lIM1io-Fr ... , "~MY f;our~ (or tllft l ... bom l<"lry,'· a""rr· 
(31 R,~fio P'~~i~,~a, l'o,."mbt r, 10;11. 
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~;V"'. 5, Oulpul d!o,oct. rI.lia of th<I Typa 
1330.'" ',kI"a OKi'I"IOf. 

• 
lake into consideralion the decrease 
in value of the dollar in terms of what 
it will buy in the way of labora.tory 
equipment. :u; "omparcd to the prf'--

• Il'ar era. 

~On~ of Ihe major ,,,,,I,, of "u. d .. ~ela n~nl en.<ri"~ .. n .. 
• Ial( h .... be!,n to p...,.I""" '!\OM _MMm,.,.J d~,~ ... , "itb. 
"u~ .. c.;JI"" of <'Illallty, and or our produuion ikpam".nl 
10 n,anufo.ctUNl tbem ... ellid"nll.\' ... ",,"",ble.. T be .u~ . 
.- of tbit eIlOT! ;. .I~I"" 10 by tho lUI thu a.."" .. 1 
lIa11in 1>1";"'" 10.,'<1 i"...--I .Inee 1939 by about ~~ 'iQ' ... 
.... ml_(!d to a .. III~_ of Over 8~" I" the _ral p,.;~ 
ind • • a"'" 0".' lOO~ in IMny ",her l,n.,. of rllI,.."hJ., C""><I. 

SPECIFIC ATIONS 
f.aqlla .. cy .o"ga, Three fixed audio (requencie:! 
(power line frequency, 400 C, and 1000 0) and a 
oontinuoWl frequeney spec:trum from 5 ke to 
50 Mc in eight direct-reuding mngC!ll\il rollow~: 
5 t(l 15 ke, 16 to 50 kc, 50 to 150 h·, 150 ltl 500 
kc,0.5 to 1.6 Me, 1..5 to I) Me, 5 to 16 Mc, nnd 
15 to 60 Me, 
ftooquancy Aceurocy: ±Sc:-" for the 400. nnd 
100000ycle fixed frequeneies, ±2% lor the 
carrier frequenciee above 150 k.iloeyclee. and 
±3'?(, for the carrier frequencies helm,,' 160 
kiloeyelel under no-load conditioM. A 5O-obm 
resinive load lDay cause A frequency IIbift of M 
much aa +5% At !Orne ol the lower earner 
frequencies; above 150 kilocycles, tbe frequt.·ru:y 
!hift due to 1\ 5O-ohm load ill 115uA11y 1_ than 
+1%. From li kiloeye1cs to 15 Mc, the dial 
calibration ill logarithmic. 

'ncrlma"to'.F"qua"cy Dlol, The !!low·motion Will 
indicates frequeney ineremenu of 0.1 % per 
di\'ision from .5 ke to 15 ~ l c. 

Oul,.,. Vol'oga o .. d "ow..., The AUD,O output JACk 
provides A fixed ,'OIl-age outPlit of ",bout 12 
\'OI~ open circuit, or II. poll .. er OUtput of about 
~ 4 WAtt ioto a matching 5O-ohm load; the out­
put At the R-F jack is controlled by the R.F 
control, and supplies adjustable output for the 
S ke to 50 Me range; over the mid·frequeney 
rnnge, the OJlfln cireuit output voltage is about 
len volta and the output JlQwer into a 5O-obm 
load (output control at maximum) ill about one 
watt. The outr,ut (alls off at the upper and 
lower nnd! of t ie frequelley ~pcctrum. 
Olllpul'mplda .... , 50 ohms lit the AUDIO jfU:k; 
between 20 lind 80 obms, depending on 're­
queuey. at the R·[O" jack when the 30CkIhm 
output control is at muimum. 

Modlliollon: The R·F rnnge (15 kc to 60 Mc) can 
be internAlly amplitude-modulated III. either 

400 c or 1000 e nt the t"'n modulAtion le\"el ~ o( 
aPl!ro:'l:imately 30% ftnd flOc;.. There ill no pro­
visIon for e'fternlll modlllAtion. 
Envelopl Dill""I .. " , Between I ~ Il1Id 6~ lit 1 hl1 
00e-;, moduilltion level. 
• • F DIII""lo .. : 3% over 1Il000t of the range; lit thl' 
lower radio (requencie.s it il Iloout lj \l"1o• 
ho~ogo, Strll.y field! at I Me are about 5Op\' 
per meter lit t,,'O fefl~ from the oscilJlltor. W"h 
the instrument out of ita cabinet, the str8\' 
field lIlay IJe greater by Cl factor of ten. . 
Co""ol.: A sl\'iteb for !!electing bet"'~n .n1ll1O 
(LINe, 400 e, or 1000 c) and R-F output (CW or 
).Ioouil!..ted - 400 c or 1000 e); 1\ t\Vo'itch for 
!!electing betll'oon IIIGIi and LOW modulatIOn; 
1\ vuJtage divider for controll ing the R-F 011'_ 
put; 8 ra.llge IIwikh; 4 ealibrnted dill.! and 3 
"emier di ll l for eetting the rfldio frequency; ft 

poI\'er switch. 
Acuuo.;.. SIIppUad; T'I'PII: 8;~R2t a-foni 
Co:uial ellble. T n')') 874.Q2 AI19pklr. T I'PF. 
874-Q7Adaptor, T YPE 1'0-44 ,\ djNlllment Toni, 
:lOd Il po",er cord. 
M.ollntl"g, Aluminum pMIel filli .• hed in hlack. 
crackle lacquer. Aluminum ('Minet is filU~hed 
in bJllek wrinkle Ilnd iii provided with cnrryiJ\jt 
handles. Cabinet can he rernol'ed for relay.tark 
mOlmtinlt. 
"ow ... Supply: liS (or 230) volts !It 40 to 60 
cycles. 'fhe JlQ"'l'f input iIIabouL 30 wlltl~. 
Tub .. , Supplied with the illMtument: TWfr 
6AQ5-typc tubel! and one 6X~type tube. 
rormlnol" T yPI'l 874 Conxinl Termin"ls are p~ 
v.ded for both t he AUDIO output Illid the n-F 
output. 
Dlma"lionl: (H eighl ) 7 ' 2 x (width) 2J3~ x 
(depth) 11 U inches o"erNl. 
Nat Waigh,: 36 \..2 pound.'!. 

Cotk Word Pria 
133G.A It.ldga o .. mo' .. ........... , . •••.•..... . ,. ,., .1 ACORN $525.00' 

'(J. 8. h\fM S ... !,!,I'Z'>.8'6. 
hlt"l a,>!>l.ed lor. l ,~1IJjt(j Ilru!." pa.lent.c of tbe ltMlio Corponot'OQ 01 Amerk ... 
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TOROIDAL , DUST- CORE STANDARD INDUCTORS 

,-. The toroidal inductors used in the 
TnE 9-10 and 1'\'P}; L490 Decade Induc­
tors', because of their relatively highQ's 
and inherenlly astatic construction, are 
well 811ited for usc us laboratory standard 
inducton:. They nre now oITered indi­
vidually, in cnses, as the TnE 1481 
:"Iandard Inductors. 

They complement, rll..lhcr than super­
sede, the Ilir-corc TYPE 106 Standard 
[fiductOI'S, :md each type has it-s ad­
vantages for particular applications. As 
compared to the /iir--core IYI>C, the TYPE 

J 181 Rtandurd Inductor has higher Q 
"II hIe!'!, and the mn.:~in1tun Q occurs ut 
10w('1' frequencies. The ohmic tel'listancc 
is less for a gi\'cn value of illducl:mce, 
nnd Q remains greater than unity down 
to a frequency of six cycles pCI' second 
or lower. They have II somewhat smaller 
temperat.u re cod'li('ient of inductance at 

r- room temperatufCS, They nrc inherently 
much more astatic, so that. coupling be­
twcen adjacent units and to f'~xtemal 

fields is completely negligible, and th!:'y 
CM be electrostalically shieldCt'l. 

On the other hand, accuracy of ad­
jU:jlmcnl is limited to the (']lIlllgC pro­
ducC(1 by !\ single turn of the winding. 
which is olle per ('cot for thf' smallf'r 
Ulli!s, Since they Ilre wOl\nd 011 ff'rl'omag­
net ic ('orf'S, I hf' inductance changes 
somewhat with voltage or curr!:'nl while 
that of air-core coil does not. 

Hummarizing, the TYJ>E 1481 Stand­
unl Induct.o~ ore smaller in size fOl' I' 
gin!ll indlu'tance, have higher Q'8, and 
11('(' much more I1static than /Ire the 
TYI'~; 106 Standard Inductors, but lhey 
have a somewhat. lower stability of in-
'lI(lrali(l II' 1"'!1II(I", "" :-." ... I:Je<,,,,le 1 ,,'lrl~loc," (Jrooual 
Hadl" "'1:p"' ... ~lw, 1'01. XXI\', No.2. July, Hl4{1 

I"""- Fig ..... 1. " ... ",bl.d vi.w of Typ. 1481 Standord 
IndlKfaf. 1'10'. fhal ane ter",inal ;. grounded 10 

rh. Ca ••• 

ductance and cannot. be adjusted M 

precisely. 
Figure I is a view of the THE 1481 

Standard Inductor, The impregnated 
toroid is clamped between two felt. wash­
ers in a rectangular aluminum case, 
which is finished in black crll.ckle and 
affords an electrostatic shield for the 
inductor element. On(' terminal is per­
manently grounded to the case so that, 
between the two l.ermioals, we have a 
defmite impffiance value with resisti\'{' 
nnd reactivc components which are in­
dependent. of its environs, an ad\'an­
tageous fcuture . These specific com­
ponents {'illl then be meaSUl'Ix l with any 
desired precision. The nominal value of 
inductance is engraved on the ease to­
gether with thc precision limit.s within 
whieh its absolute initial val uc Do (cor­
responding to n vanishingly small a-c 
cxcitation) at C8Sentially Z('rO frequency 
was calibrated. The case also carries a 
legend indicating the r-m-s Il-C curren t 
which will produce a O.25C{, increase in 
the initial inductance, This valuc, listed 
as J I in the table, corresponds to the 
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Fill~'. 2, I'er c.n' dlong_ In no.mol ond ir.o:r. men-
101 ;"d lKlanc. with a-t a nd b ia1 CII".nl. Incre ­
menI al cuN. I. limiled to on o-e u ci ra lion leu 

ilion I" 

lilllJ}erc IlII'ns whi('h ddi ne the' upper 
li mit of the Hayle'igh ra ngc. within 
whkh the i l ll-I"(':18(' of indudanec abuvc 
ils indi\"iduHI iniO,,1 valuc is directly 
proportionfll to Ill(' current. 

VARIATION IN INDUCTANC E 
WtTH APPLIED A- C AND 

WITH D- C BIA S 

I II t he dcsrriptiOIl o[ t lJc decadc indue­
t()ti>, prc\·iow;;ly pliblill iloo ,' t he !'hunges 
ill inductance wit h current nnd t he i ll­
ct1-'mentnl ind ul'I:'l.nl'e resu lt ing from doc 
biM wen' uisctlsscd_ I'igure 2 fl huws the 
magnitude of bol h of t hese ehnngl!8 liii 

a function of !IIP mtlo of eil hcr the 
norllla l r-IlHI a-c ex,'i l ing current I , or 

'1~"'\lKI", 1",-. CI ' 

·'1 ., 
~ 1 

., 

., 

1 -. 1~ 

_ I 

~i: __ j 
~. -'-• ~ '" , , ,. w ~ 

FREGU:I'CT Kl.OCYQ..£S 

• 
I hc d oc biasing ('uncnl I b, tu I" (h,' a-(: 
clIITcnL which p roduces t he low 1('\"1'1 
linea.r 0 _25% rise in illduclll ncc_ Fo.- thl.' 
incremental Clirve the norma l f'ign:d i" 
considered lo be less thlm rl _ 

DIS SIPATI O N FACTOR 

FiguI'c3 shows thc nui6lioo of tlu,' , Ii,,­
~i palio ll fHCIO I', D (reci p rocal of Q), l iS 

a fu nction of (rC<llIeIH'Y, comput{'( l at 
zero Ic\-el so that hysteresis loss is nit. 
As umdyzcd in t he Bxpcrimellier for 
,Ju ly, lfHOl

, D is the Slim of thrC(' l'ore 
01" m:Lgnc t ic componcn L" and thl'C(' 
wi nd ing compollcot.s, The core com­
ponents lll'e ( I ) rcsid ull! !os."', D" 1\ vah te 
independent of frequeucy; (2) hY>itc l'csi;;; 
10&l, D~I likcwise independent of fre­
q ucncy find the on ly (")mponcnt tit'-­

penden t UI)OIl the OI>CrJlli llg le\'t'I; :11111 
(3) core edIfy Cllfrellt loss, D" whidl i~ 

d irectly p t'Oportional 10 f. The wj udi ll~ 
components of J) arC' (-I ) CQPl)1!r oll",ir 
Jo..~, 0 " whiell is inversely p roportiollal 
to j :l nd c\"tdullted from t he doc rClli>:l­
; \11(.'C; (J) dielfftric los."' , Ddl whic h it; 
p roportiona l to f'1.; a nd (G) copper rlldy 
cllrrent loss, D., which is proportional 
10 f- When ploUed on log-log puper, 
(':Ieh t'ompOllcn t is represented b,v :I 

~tr~, iJ:h t. li tH' ha\-ing :'l.n :lppropl'in,I' 
>: Iul>c_ The rc~u l tunt ('Olll l>ositl.' Cllr\'l~ 

arc shO\\' ll in Figu re :1, 

~ 

filill'. 3, lnitiol 0 ".10111 , 
(uN • • (o" - 0) far Iy picol 
unit., S.. SptK iflca ' ion, 

Sto.o lle Foctor _ 
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SAFE OPER.ATING LIMITS 

T hc maximum safe operating level at 
which thL'SC indllf·tors call be cncrgiZfJd 
il> limited by whichever of I wo SllCti­
lil'atiOlll! is first npplicabh.'. 

( I) The tl'nnin;li volt;lgC (= Iwl.. ) 
should not exceed 500 volts nus. 

(2) TIIC r-IlHi current should be limit­
NI to iO 1 imes the listed I. values. 

• , 
, 
, 
~ 

~ 

• 

~ 

• 

DECEMBER , 1950 

/ 1/ 

~ 
'/ 

II, (I '/ (I 'I 
, / 1/ / '1 VI, / 

(/ 1/ 1// '/ 
I.''' LKJ HG . ED~C'B/~' 

A/, '/ ( /, / 1/ '/ 
I / '/, If;, II/X 0 rl (I -

'/, / 

Tili$ limita.tion produces about 0.3 
watt copper loss and, fl'om FiguI'C 21 
reduces the ini tial inductllllcC by about 
fivI' prJ' cent. so that the units a rc no 
I,mg('f P"r'(,j,,(, indu('tance SltlIH.lartl;;. 

. ~ ~ , , , . ~ ~ 00 = -

- 11 011,\"10 W. I .... " sox 

"""""" """"" Fig ..... A. Per ,...,1 Inctto •• ;., to with Ir.q .... ncy . 
for 0 D.ICC inc:reo .. f ~orie. belw .... 400 cp. 

lor 5 h and 30 \c for 1 mho 

SPECIFICATIONS 

A ............. 01 Adju".., ... t; See ulhle helow. Act l.l­
,'M'y of :Idju~t llle lit ill limited to the ('hlinge "ro­
(Iutoo hy :I !linglo turn of the "inding. 

5'.'°81 Fodor, Q: M!t."imuJI) initi!11 Q i~ be~weell 
230 :oud aoo, r: igure 3 8.how~ the variation of 

d!'Ii"I}!ltlOlI flldor (D -~) as:l fundiOIl of f~ 
'Iuene), for l.ero level, i.e" WIth no hyst.ere:li~ 
108!l, For an r-m-! currellt I , the plotted D 

\,.dullS must. he hwrc.'LSed by D~ - 0.00 I 07 (~ ), 
C .. " . ", C •• ffid.". ol ' nd .. clonc.: Pe" cent t:ha'\g(' 

in inducl:IJ,<.'f' 113 a fUll ction of :. 16 given in 

l,'igure 2, where I is the 0lJetlitilll!: current. :u,d 
I, the current thnt wou d produce A 0 .25'1. 
lmellt increlLSl' ill I",. 
'n ... m.n,o' 'nd .. " onu: D -C hina will rWuoo the 
imt ilJ illduct:UH.·e Illt $hown in 1·'lgure 2, 
F .. q ... ney Cho,od.,hllu, Et1"cc:tive induclllnce 

lit. tilly frequency fLelo .. ' resolllllll'e ('ftn be 00111-

puted from the ex"ft'll>~iQn L - I -(J.)'l' where 

I .. is the initial inductance nnd f, iii the listell 
resolltlnt fre(Jucllcy, Per cent ehlluge ill in­
ductance with frequellt)' is Jllotted in Figure 
4. Variation in dl&!Jlllltioll f:.elm, D, witb rre­
quelley is shown in Figure 3_ 
T.mpl.al .... C .. fflel . .. , of Ind .. don •• , Stnbilixcd 
to he !l.pprol[imlltcly - 24 pnrtll in t()ll per degree 
C., betweell Wo lind 32°0-
Sal. Oplf'oling lim"" (I ) " l llldll{1I1ll lernlillftl 
voltage, 500 vollil rlns, or (2) MnximulII r-Ill .... 
current _ iO I" whichever limit 111 I)('rtinellt. 
Di Jlri bulld COpO.l,o" ... Uetweeu 28 ~~r for the 1 
millihenry alld 33 ""r ror the 5 beury i"ductor. 
Dlm.nllon" ClIS('. (heil/:ht) 3 ~' l[ \",idth) :H~ x 
(depth) I %: incht':!lj over-,ll I heill: It, ilt<"ludilll( 
terminals, ,, ~ inch&;. N., W.lght: 14 ountell. 

, 
-,,(lmillal /(-M-S Cl>!rre,,~ , l.'tPjJflJ.l. I 

7~/,e 111.dudo,IV ('/,(jl;r!ll~t I 1" for O_!5'1. lfeuJ/JOId -(' CQfW I\'Ur(/ I I'rier 
III< /lelQr I, lDitlli" illereoflt i ,! I,.. Prtqllem:y!, {"'!tulana 

-- -- ----
lUI _A J mil ± 1 p; 3\) rn:1 1)40 kc O.(H3 II 1)1111'1''1'(\'; \ I' $24.50 
1411 _B 2 mh ±I 

,. 28 flIa tIOO k' 0 .15 Il 'SIIl!t-ro...:T 24_50 
1411 _C 5 mh ±I ,~ 17 Inn 420 kc 0 .25 II 1)11)1'/"1'0'11(, 24_50 

" 1411_0 10 mh ±0.5 ,-, " rn, """ k, OAI Il ''i"IH1C'I'U..oT 24.50 
1411-E 20 mh ± 0 _5 !;' 8.i ma 210 k,· 0.'" " "Ul'I'TOS!;.\( 24.50 
1411_F 50 mh ± 0 .5 {'i- 5.5 rna 130 h 2.31 " (NllU't'OI'AI, 24_50 
1411_G 100 IUh ± 0 .25{·f 3.\.1 1\)" " h ' .3 Il INI)l"(."l'OI'.:ll 24.50 

20() mh 2.8 
'" 

h -. 1411-H ± 0 .2.5"" ma I.. " IXU\! ,"'l'U 1'1"r 24.50 
1411_J 500 IiIh ± 0 .25";' 1.7 111:1 .0 kc 22 U ''i"I)U{ ''l'OI'QI) 24.50 
14'I_K 

1 " 
±0.25c;, 12 lI)a 2S k, ' 0 " IXUl'CTu l'lIli 24.50 

\411_L '" ±0.25"; 0 .8i 11111 20 k, .. U ISOt ·{wl'OIl.\U) 24.50 
14'I_M .j II ± O.25!;' 0 .55 lila 12.5h 1'JO U 1 .... ,II ·('TOllf.1I 27 .50 
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GUUIAl IAD10 EXI'EI IMENHR • 
MISCELLANY 

REPRESENTATIVE FOR GREECE 

It is :t pleasur<' to 11IlOOUnl.'(, the a ir 

pointmf'lIt of K . KamYll1lnis & Co., 
Karilsi ::iqUUI'C, AI hens, as UUI' exclusive 
reprt'Sculative for Grrece. We feel sure 
that our friends in Greece will welcome 
the technical, commercial, und service 
assistance that this well .. quali fied firm 
can pro\-ide. 

RECENT VISITORS 
TO GENERAL RADIO 

From France (Paris)- ~'Ir . L. Simon, 
Director, SOTELEC; l\'lr. M . Leduc, 
Director, Lignes Telegraphiques and 
Telephouiques ; 1\'lr. K H. Jeosen, COil .. 
suiting engineer, Soci~t.t1 Anonyme de 
Telecommunications ; and .\ Ir. A. Pages, 
Technicnl Genernl Secretary, Societe 
A lsaciennc de COllslmctionsM ceil" 
niques. 
From th e Netherland s - l\ lr. II . J. Lin .. 
denhovius, N. V. Philips Gloci luTnpen .. 
fabricken, Eindhoven. 
from Netherlands East Indies - Profes­
sor C. J. Levenbnch, Facult.y of Tech­
nology, lTni versit.y of Indonesio., Ban­
dung. 

from Norway - Mr. Arve Hambol, 
Royal Norwegian Council for ~cientifie 
a.ud [ndustrial Rescu.rch, Oslo. 

from Swit:r.erland - .Mr . .Jurg Keller, 
Seyffer and Co., Zurich, Representat ives 
for General Radio in Switzerland. 

From Italy - Dr. I<: rnilio ~Ionlmschi 

and Dr. Hol>crto Xiculi , .\Iillistero della 
Uifeti.'l-.\cl·unuul it:l, Home. 

From Japan - '\Ir. l":cizo :\'ishimura, 
Presidelll, lind I)r. Kcizo lkada , PISnl 
J\ l nnager, Fumkawa Elect.ric Co. , Ltd ., 
Tokyo ; Dr. I" . L:ellishi, Shimlldzu Seisa­
kusho, Ltd., Kyoto ; Professor Yosushi 
Watanabe, Department. of ElecLrical 
I!:ngineering, Tohuku University, Sen­
dai; Professor Nobuyosh i Kato, Depart.­
ment of Electrical Engineering, Kyoto 
Universit.y, Kyoto i and Professor Yoshi­
hiro Asami , Department. of Electrical 
~~ngineering, Hokkaidu Universit.y, Sap­
poro. 

ELECT EO- Kipling Adams, ;\ Iulluger of 
the Geneml Radio Chicugo Enginecring 
Office, to the presidency of the Hudio 
Engineers Club, of Chicago. 

HIGH-FREQUENCY 
MEASUREMENTS CONFERENCE 

The second bigh-frequency mcasure­
menu! conference sponsored by the 
A.I.E.8. , the l.R.R, and the National 
Bureau of tandards will be held in 
Washington, D. C., on January 10, II , 
and 12, 1951. Conference hell.dqul\rters 
will be at. the Il otel Stutler, and technical 
sessions will be held in the auditorium of 
the Department of the Interior. 

GENERAl RADIO COMPANY 
215 MASSACHUSE TTS AVEHUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE: TRtwbrkll& 6-UOO 

BRANCH ENGINEERING OFFICES 
NEW YOU: •• NEW YOll 

tI WEST n un 
TEl.- WOrl~ 1·5111 

lO S ANUUS H. ClllfUMI. 
lUI NUT" UWUO stUET 

TU.-"OIl, ... ~ 1· lnl 

CMICAIO I. ILliNOIS 
HI SDU TII MICMIIAN AYtllUE 

TEl.-WUII ~ I ·I UI 

.,,;::< • . "" 
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