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APRIL , 1939 

A LOW·OISTORTION OSCILLATOR 

• V A RIO U S FEE 0 B A C K A R R A'N G E· 
MEN T S have Iwe l l lISt'd 10 ob tain lIe\\ 

opt' rat in g coruli . ions for ,'aellullI- lube ('jr
('ui .. :. Il cgeneratioll. or posi li,-c fcc(lhacl... in 
... ·hl('11 a \oltagc from the output circuit is 
fed back to the input in pha;;e ... i,h the iupll'! 

,ohage .... a8 used to ob tain II high degrc(' of !;Wnsili\il~ in ' II~I of the 
early \HellulIl-tube radio rceciI C":; all(1 is uscil in most orJilHlr~ \aCUII IIl . 

lu be OSt'illa tor cirell i IS. Wi I hin I he past fell ~ " /II"I! l ilt' principle of tlt'gen 
eratioli. a lso known as ilHuse or IIcgal iH! ft'Cdbn('k, in which the \ohage 
fed 1md-. i~ oppos ilC in pha~ \0 the inpu t loltagc, has been applit·{1 \0 
13CIIIIIII-IIIIIC' circuilS ill on lcr to prol-ir lc "ide frc{lucn{'~ rC'"IJOn,... IIml 
a 10 .... order of distortion. Follo\\ing t hc nri~i nal \\or!.. o r BI:wk l Kllfl 
01 hers. 1 h€' Ii pplica! iOIl or! his prim·i plc to ('Oll1l11ll11i("al iOIl ('(luip"U'Il! has 

rcsultcfl in hi gher.fideli l) Irll llsm ission . 
\ Iore rl'/'eu ll y i n "cr~' rC('f ll m('k IHls Lt'CII IIppl icd tn the problem or 

pro\illing 8hllrpl~· selec t in' I·iretli l ~.~ " IJ1I ~ i , ' ~' lc('li,e lllllplirier cir· 

's.., II . So 1II .. ·l . ~S,. t.; I;u,d "'e.l b.e~ ""1,1,1>.:.,.:' f:h¥:tei,..J f .... .n_iu. V<>lton", 53. I .... ~. III 1%0 . 
10"0 •• ,.11)3 1: ow IJ.U .. ,-......, T.d.,,,,..J J .... ,,, •• ' .... 0_ 13. ' ... . e. I 111. Jo"UUI'. 1931 • 

. ...... II . II 5-... ~A '\~ ... Tn'" or !'<o .... ,,,. co .... ,;, ... 01 l'io .... ",.,.I .... '~ .... :· T"-' , • .........J, .. p ",./00 
',,"i ...... '" I!./i. 1,"""..-.. '01. ... ",:!f>. ,\". 2. I"'~ 226~2l~ •• ·~I..-" •• ). I'll/! . 

}>'IGUIlS J. P"nel "iew of the 'l'n'Il· 608·A OiICiIlalor. BOlh frequencyaud output 
irnJoedance art' scJ ... ·lr,1 hy menns of pll @l ,.lul ll ou 8"'itch~. 
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GENERAL RADIO 1 

cuil 11811 i)(.'Co developed which can be 
t1!red d Iller as a \\f\'\C 8nalp~cr or as a ll 

05cil ill lor. The lise or the 6(" lcC I i \ C dcgcu< 
cralLuU principle in tho.: dt'sign of fI 

cOIllIII(' r(';a l \\8\1' a l\ al~7.cr (or noise awl 
o lher purposes has already been de
scrilJtod.* \ basieall} si milar circuit has 
been 1I.'Oe 11 in the d(-\c!opmc nt of a nev. 
oscitlulor, \\ hich hns unusually desirable 
charaCICrisl.ics, parLicularly in the low. 
frequency r3u1.'1!. 

THE FEEDBAC K CIRCUIT 

The ci rcu it usell in t ile oscillator \II . 

du(les three separate sections, as shown 
in PigUfC 2. The amplifier 6('(;I;on repre· 
sent ed Ly A has hOlh a substan ti all y 
flal frC'(IIIC IIC) response and a negligible 
phase shift over 11 range eXlending (rom 
l,e10\\ 20 cycles to a lxwe 15 kilocycles. 
Section IJ is the lif'generation networ k. 
... hi l' l. balances 10 a l!i liarp null a t Ihe 
oscillation Crequency, thus providing 
full amplifier gain at this frequency and 
eanr.c llatiOIl of Ihe gai n at other fre
fluelwics. Seclion C represcn ts the 
regen('rllli\(~ feedLa~'k nelwork. which is 
fed Ihrough a phase .reversing \' aClIum 
lu l)(' I) in order 10 provide the proper 
rcgcllcralil'e aClion. This circuit is flat in 
its 1r3n". lII is;;ion chararH'risti ('f; and is 
adjuHe,1 to prol id .. just sli fficieni re-

........ It. II , s..,,,, ~ An 1""1._ 101'" i\oi ... ,II ••• ",.,,,,,,,",." 
G~,~ ... l 14 •• 1;'" b,...;,.."",...,. \',~ ....... X III , No, !I, ~' ..... , • .,., 
1939. 

.... ,Ot: R.>.NG.E 
AMPI.I"fR 

r-t, , P .. lSf 
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• ,- • 
OCGfN(RIl1ON 

trltTWOAK 

IVll YOL\.I1otI: 

~,-
QtJTP\.Il 

f-, 
II;(GU'CIIlll(lOl 

IO['WOII~ 

'-- , t ,-

generat ion to produce self·oscillation ill 
the circuit. 

The nCllIal results obt:l ined "i tll t he 
I'ireuit arc colisiderahly better. from 
sc I'era l \' ie\\-l"lOints. Ihnn those obtai ned 
wi lh more eou\'enliol1:,1 osl.' illal or!!;, 

(1) The fre{l"elwy ClUJ be l:olll ro llClI 
by a rcla li\cly ine 'l:IJe Il.e-i,e resista nce
ca pacitance network. smaller a lld lightcr 
than the usual irul uctanee.ca pad lance 
arrangemcnlS, 

(2) The extremely high selccl ivity of 
the combination of the amplifier A and 
the feed bac k- ne twork H prod uces a high 
degree of s labil it y ami suppression of 
harmonics, as "ell as of any hum and 
lube noise which may be de,·eloped in 
the circuits themselves, 

(3) The possibility of appreciab l~ dis· 
lortion occurring in the poll'cr Olltput 
s lage i5 e liminat.ed h} laking Ihe ill\'erse 
feedback volLage directly from the oul· 
put of tlUlt stage so tha t the nel ampl ifi . 
ca t.ion is pract ica lly zero for a ll fre · ~ 
quencies ot.her than the oscillation 
fundamenlB l. Thus, a5 contrasled wi th 
couvent.ional oscillator ci rcllil s, Ihe use 
of a power amplifier stage lloes not 
noticea bl y increase the {listortion in the 
olltpul voh age. 

(,~) Since Ihe regencrative network 
has a Out tr;11l5lllission charal: lcrisli<:, it 
has 110 arpreciablc efTef>l "llOlI t he 
oscillation freq uency and pro\-ides a far 
better Ilegrcc of cont rol o l'er the ampli
tude of osci llation than is possible "i lh 
mosll:onlcntional f'ircuits, 

THE OSCILLATOR 

TI.i8 ne" oscillat or ('1' ''1'11 6OS.A ) 
c..'O\'ers I hI.' range from 20 1:),.-1(:6 to 15 
kiloc}cles on 27 swps, the O'Xllel fre-
(Iucney Oci ng selec ted by mcnns of 1\\ 0 
pllsh.lmll on s" it f'llcs. Otl,er freque ncies 

F'GUlU!, 2. Ulock (Iinsrllm ~h" ... ing {"""Iiunall, 
h"" thr '1''1'1'8 608·A Oi!ciltHor Ol'!'rllietl. 

""'"' 
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"itltin this range ~ ' an be obtaiued b) 
plugging ill three resis tances. whicb 
ma y he decade boxes. rheostats. or fixed 
unili" Umler 1I0rlllai operating comli . 
lions ilpproximutely .!4" Willi of power 
Cil ll be obtained from the unit with lells 
than 001 % of dis tortion, cven at 20 
cJdes. For bridge measurements and 
other a pplications. where such a low 
llegree of distortion is not required , thc 
OU'lput can be increased 1.0 Y2 watt. 

The unit is provided with II 500·600 
ohm output circuit, which may be oper· 
ated ei ther balanced or unbalanced. 
This oU lput circuit incl udes a cous tallt· 
impedllU(:e pad which maintains the cor· 
reet impedance at 1111 8Cttings of the 
volume control and reduces the output 
10 approximately 1:10 milli"'alls max;· 
mum , "hieh is 1II0rc suitable for lISC 

"itl! the aHrage 500· or 6OO-ohm linc. 

USE S 
The availabilit) of this new oscillator 

has · made possible 1111111 )' measuremcn ts 
\\!lich. \,ere hitherto impracticablc, Be· 
ca use of the 10" hUIII level and 10" 
llis tortion. bridge measun::ruents ean 
be made at low frequencies with a higher 
deb'TL'{l of accuracy than has been possi. 
ble in the past, and Ihe low·distort ion 
feature allm .. s accurliw lIIell llurCUlcnlS uf 
harmonic .iis lorlion to be made at the 
io"es t. 8udi.blc frc(luelicicli. COlllparetltu 
COlI\entional osci llators of the beat· 
frc(luellcy t} I)C. the nc'" uuit drifts 
,'oJlsi<lerably less with temperature, par
ticularlyal low frequencies. This fcature 
is a great (.'OIl,'ellicllcc ill appliea tiolls 
~. here n large nUI.111J(!r of 10" .(requcney 
nH:asuremcnts lUust btl made. 

F~CUM" 3. In brolldcllllt;ng allll;on~, lhe TYI'K 
608·A Oecillator;8 used n II eourc.:orte6t voltnge 
ror dialorlion measurement.., lind for meuur,,· 

_ mcnU of over • ..,11 fretlllclIer reap·ons". Thia 
photogrlll)h showlI dI ll OOICilia tor .nountcu on ~ 
rdar rllck 1I1I1)art of thc C!.AlIS 730 Tranll miMi<)ri 

Mon;IOt"i"g A8ilemblr. 

3 EXPERIMENTER 

One iml)()rlant usc of this oscillator is 
found in radio.hroallcaslingst.atioll ll as a 

test·sib'llal sour('e for distortion measure· 
mcnts with the TYN; 732-B Dis tort ion 
and Noise 1\ leter and the 'fYI'Eo 732.Pl 
Ilange.Extens ion Filters. The push. 
bulton frequ euc}.sc leclor system is 
rapid in opcration and, for this usc, is 
even more cOllvenient thun the single· 
dial control of the usual beat-frequency 
oscillator. Since lhe T"I'E 6OS·A Oscilla· 
tor supplics fre(IUCncies o,'er thc entire 
audio range, it can also be used " 'ilh Ihe 
T"I'p. 731-A ~Iodulation ]llonitor to 
measurc the over·all frequency charac· 
teristic of the trallsmiuer. For making 
harmonic IHlulJscs, the osri llat or Cll n 

be used in conjunction ,,'itb the Tn'~: 

i36.A Wa\c Analyzer, "hieh pro\idcs 
a high degree of sd ecti\ ity and discrilll' 
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GENERAl RADIO 4 

i'lil l ion. 8S "dl 8S a high order of 
nCCUl'llC) . 

For bridge mcasur('lIu:nts il is rcc· 
OIlIlIlCIlfI I.."tl lhat 1111- Tn'l<: 608'L\ 05('; lIa. 

till' he ""cd in I'onjullclioll wi th the Ih!\.
THE 707·.\ Ca thode- It o) Nul! Detec
tor (dc~criL.cd in this j"sue of lhe E.t.:peri. 

//Il.mier), or, as all al ternati ve. "ith lhe 
1' YPI<: 760·A Noise Analyzer used as a 
deteclOr. Both of these instrullIcnls pro- -"'" 
vide u hi gh degree or selcc li"jly lind 
01K:ralc a lso 011 the jin crse·r .. 'CJ bark 
principle. Either of these combinations 
pro, ides an ullusual degree of m::curac) 
in low.frequency bridge measurement s. 

- II. II. SCO'IT 

SPECIFICATIONS 

Fr'qulnt} Ran ll: .20 10 1 5.000c~·cli!il. 

r,.qu.ney Conlrol: The frcqucncr, i. c6n
Irullf'd 1.1 '''0 puoh .LutLOn IWiIClie.!. rhe fint 
l"uvide6 freo.luencid of :!O, 25, 30. '10, SO, 60, 
75, 100, IInti 15U cyclea, while the &I:eOnJ nml. 
t' I,lil!fl thcoe fro..-qnenciee by 1. 10. 1111.1 100. 

Otlu~r rr~IUel1ciC!l ",thin the operating range 
of the i "~ lr"'lleot llIay he ol.. tlli lleti by plugging 
in ~Iernal r.:t> i~ tllneet. 

F'lqulnty Callb'llIon : Each itlltrll"'enl 
i. adjubted wi th in ± 2 '"C or I cycle, "hiehever 
i~ the greiller, uf tho (rf'1 l11eney .. ngntv.,.1 on Ibe 
I' ~IICI. 

Fltquenn Stability: \XII!":!! thi il osci llator 
;i uperllte,1 lit nOO'mlll room teml>crillure&. the 
fre-rlueney "itlllol drift ilr. more tban 1"0 over 
II I"'ri()d of Be"cnll I""m'. I'h" I,"rmoni .. N"llrol 
,lto.·i.l"" II "' ea ,,~ whereLy ' hOl "1)Crllling t-on
tiilioll~ ur Ihe Oo!Cilia lOr mlly he ,roughl bllei.: 
10 Ihe correcl '1I1,,"'J rC#l:lIrdle.o.. of ,,,·t!inary 
dl/luges ill 10;".1 or lille vult,,!; .. . 
Output Im pe d ance: Tltr .... null"lt circuil.!! 
lire pro •• ..1",1. St·lt'C tion .",ong the", i~ .,I. lllillt-d 
I'~· me .. n~ ... r II I,ush.\)ulto" ,,,itch 0" Ihe pllnel. 
'1 h .. oul pu l i"'l'e. l"nc~ lire II~ (.)110"": 

J. 500-oh", L"lauccol 10 ground. 
2. 500 .. )1"" uul.alnnccJ. 
3. SOOO-ohm .. "hllla"cC!tl. 
Thc \'ol"'''e oonl 1(.1 is .. 1[(,ll' nliomCler in Ihr 

5OOO-ohlll c irellit. Thr II(:ln,,1 "" 11 ,,,1 iml"'tiancc 
(}f Ih .. 5000-01"" 01l1i'"1 ('ireui l will "IIry be
I" ttll 1000 . "ol 8500 uhm$. dl"l>endillg upon 
thc IOtlli,,!; o( II ... ,oll1'''e con iru. Suilahle reo 
~i_ lIuICI' [,n,l ~ . I.Ct·)' 1111' iml'o:tllln,,1' " r II .. · 500· 
ollln 0111]'"1 e .... ;"" helwtt ll ,100 anti 600 ohrn~ 
r('ganll .. ~~ or the "ol.""c oolltrol .... l1i"g. 
Output Power: '1,,· 5OOO-o:.h", 011'1"" cir
cui t p"''' i,J.,ft a" (Jll lpU' J """ "r of Al'pr'-':<;""'teiy 
0.5 "atl j" to" " " " d,,· 1011(1 " I ... " Ihr 'n~lru_ 
menl i ~ .)' .... raled 011 /I IIS.,olt line. Tilt" " ",_,i. 
"'u'" 110 ....... o l,III,nal,le from Ihe 5OO-oh ... "UI_ 
I'lll circuit i~ :l1.1 ...... ,i "' a tcl~ UO lIIittj""l tJI. 

1 

WI' II 0' m : "ilh Ihe hurmonie coll trOl 
Be t UI mou:i",um lind Ih., OII(lilllllOr olcliveriug 
itll " ,aximnm power Olilpul, Ihe harmoniCA 
... iII he appro:o:imalely 590 or the O'n l",,1 voh_ 
age. 

The hurmoll ic ...... ntrol pro" ide& II mcang of 
oUlainin/:! """6 .. a lly I",re "',,'-eform II I lI!;Imc 
ucri(jce in oulpUI vo t age. Whcn Ihi! con trol 
ift :.dj,,;;-Ied 10 rcduce Ihe uUlplll ,-ullage h} 
al'l'l"(n i'n li lely 10% . Ill" lOl.ul hurnton,e COil ' 
tent ,,'iII 1M) r t;l l"c.-J 10 appro:<i mllldy O.2 f r 
o( the f .. ndllmenlll i ,·olt age. A rurther rrduc_ 
liou in Ihe (lUIIIIII "olllllc retlllc'~ Ihe tOI.1 
harmoniet.-ontenl to ICiI~ t 1:111 0.1 % for 1111 onl· 
1",1 fre<lucllciel on the SOt)()-oll1n oUlput cir. 
cuit. D«.ll&C or Ihe impetiance-m. lI:hiug tra,," 
former. the barmonie olinnrl'OD on tI'e 500-
ohm OUII'ul t erlllin ll l~ i~ slightly grCll t er at frc_ ~ 
'Iuencitl below 50 eyda. 
Hum Lt y t l : "hrn Ih,. Q;,Citl:. tor i, prOIIt''''I)' 
Jl; rouuol.-t! llllJ OpeTaled from a 6O-cyde Ii"", 
II,e 1mlll Ie\'e! i~ I~~ Ihlln O.05l(; ur 0.1 milti . 
volt, ... hich.-vcr is the grellt"r. 
M 0 u n II n I: The ,,,Slrnment i~ tleo-ignftl for 
e'lher l ahle or relay.rack mounli,~. -I1,c 
"ooo.lcII cn.l ~ 8npI,lied wi lh the ~iII"lor lire 
rcmo.-ctl whcll ;1 ;8 u ~etI on a rela) rllek. J\ 
I,,,rforll l.-J met.al shield i8 pM.-ideo.!. 
Power Supply : 110 to 120 .-oh~, 25 to 60 
cycletl, IIC. ,\ 11;11'1,1" "hung,. in the .. ",uneclio,," 
10 the I,ower Iran~for "'er ullows Ih" il1l1trunw"l 
10 1>1- "aed 0 .. 220 lu 240 ,olu. T h" I"tal power 
C(),18unll'lion iilllJlJ'roxirnlllely 60 " lI l b. 
Tub.s : TI. e rollowi nS lu bell arc u ~ed : 
16FSC. 16Y6G, I 6X5G, I 6E5. A co"'plele 
I!-CI of luOO i8 ~u[ 'Jlliftl " il t. "ach in~lrum .. "I . 
"cc' ss or l.s: \ 7'(001 counr.oeti" 6 l'Q<"d wll .1 
~parc (u_ and [.ilm bulb urc ~ul.phl'd. 
Dlmlnslons : ( Lcngt!' ) 19 J~" (.1"1"10) l" ~ 
x (height ) 7~ i nel H~, ", er'HII. I'nnel, 19 ): 
7 inchN. 
N t t We ll ht : 35 1KlU ndl!. 

Code I" urJ PriC(" 

O'UUT 260.00 

, '1 ... ; ....... "_"1 ~ ma~"f ... 'u..-.l ... d..,1d " .. ,I •• p.'.",. "f the \D_;"&~ 1'oIe)"_ . ,,01 Ttl .... , ... Com,,.,,,· . ..,It .. · f" .. 
""Joutioft , .. ..-oordo. """''' •• , ...... _'''re' ..... '. , .. " .... , ... ,""""'" .,,~ ...... klr""'n. w ... k '" p .. re.o><I ,,~.I~ ..... n"... 
, ... lu.I"" ;."t""".1 0 .. ,1 ell'''' ..... ". r ... M, 

I'oten, "1",1 .. 01 f..,... 
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5 EXPERIMENTER 

A NEW NULL DETECTOR FOR A-C IMPEDANCE BRIDGES 
.THE DETERMINATION of the 
rcsis ti w: allli reac tive t'omponcllt s of un 
unknml II iUlpcdunet· by the use of an 
impedance bridge rC4uircs some forlll of 
null dc'lCclOr for imlica ting when the 
1}oIeniiai llilTercncc 1}Cl\, cCIi 1\"0 junc
tions of Ihe bridge neillork is zero. The 
types of null llctcctors ord inarily used 
for this purpose arc: (I) headphones, 
(2) tuned .. juration galvano me ters, 
(3) a-c ga l vunomctcrs, and (4) electronic 
visua l indicators such as lhe electron 
fa) lube ami lhe ca thode-ruy osci llo
graph. 

IlcUflpllOllCS require u relatively qllie! 
environment, and their use is limited to 
lhe audible frequency rlUlgc. The re· 
muining typcs. being \·isual indica tors, 
can be used in a noisy loeation anll ca n 
operale al lower 11.11(1 higlrcr frequencies 
Ihan those for which headphones are 
sa lilifac tor) . 

The cornplct'e halarrce of ally imped. 
ance brid ge rc(pli res Ihe sep.lrale a{l· 
justlllent of 1\\0 bridge clemen I.;;; Ihe 
one 10 hahmee Ihe resis li ve and Ihe 
otllO:r Ihe reactivc ('·(ullponenl of lhc 
unknown illl llel[lInce. Tl rc con lrols muSI 
be adjusted to gi"c successively dc
.-reasing minima. until a i!ullicientlr 

precise balance is ob tained. '1'111' ap
proach to bahuwc usua ll y neeessilates 
also a progresSiH! increase, as a separate 
adj lis t me n I . of the sensili viI y of I he null 
.1t· lector. Whi le perfec tl y feasi ble, Ihis 
tcchni{lue is rather troublesome and 
tillle-consurning. In order 10 minimize 
these cliffieullics. the General Hadio 
COlllpml) 11115 dtn-cloped tbe Type 707·A 
C<lt liode.lta) Nu ll Dcteclor·. \,hieh can 
be used at any rrequency up 10 the 
uppf'r limit of the audible range (20 kc) . 

This null lleteel.or uti li zes tile one
inch 913-lype I·athode·ray tube. The 
outpu t frOIll tile det ector terminals of 
the Lridge is amplified allli npplied 10 the 
vertical de fl ecting plales. A sinusoidal 
!n.ceping \ollage frOln the bridge gener
ator is appliell 1,0 the horizontal plates. 
When the bridge is completely Laiulleeli 
there is no \erlical deflec ting voltage. 
and a horizontal li ne is seen on Ihe 
screen ( Figure 2a ). If Ihe bridge is un
ba la nced sli ghtl)" the pattern bel.:oure~ 

au el lipse whose major axis is tilled from 
the horizorllal ( Figure 2b) . The adj ust
ment of citber bridge conlrol "ill, in 
general. simultaneously tilt the ellipse 
and open or clOSt: it s minor axis. 

By \'arying tl.e phase rclalio,. be l w{.'Cr • 

FIG' lit: t. Pallcl ,-il"'" of .hl" '1'1''''' 707 • .1. Ca'h()Je_ lt~y Null Indicator. 
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GENERAl RADIO 6 

the s\\ ccping \'o tlugc lind th.:: terminal 
voJ lage of lhe generator. I he phase of the 
sweeping voltage \\ ilh respect to 11m 
output voltage of the bridge can be 
controlled. When the prope r phase rela
tion ;10 obtained, the adjus tment of the 
reac t; ' "c balance control ,,;Ilmcrely lilt 
t he ellipse "ithoul open in g or closing it, 
and the rcs;sl; ,'c bulanrc control will 
open or close the ellipse \\' ithout tilti ng 
;1 . 1 ( the pha;;e of the sweeping volt age is 
shifted by 90". the rcs is1i\lc balan\,'(l COli' 
trol w;lI tilt the ellipse while the rcad;\'c 

halance control will open and close it. 
The effect of adjustin g either bridge 

control can be observed separately, and 
olle can 8 \'o id the selling-s to sUCCCSS;l C 
mi nima that are necessary ,,-j,1l any null 
detector which docs not separat e the 
two cOOll}()nenlS of1be de tector vohage. 
Separation of t he indiclitions of resisti ve 
and reacti ve halance is especially help
ful in balancing tbose tYl}Cs of bridge 
which have a "sliding zero," and in 
measuring non-linear impeda nces s uch 
IU! iroll ·core ind u(·tor;;. It is possible to 
make a precise ba lan.·c o f ei ther the re
act ive or the resisti ve brid ge balan{.'C 
control wi th only a modera tely precise 
scHing of the otllcr control. I f ci t hcr t hc 
resisti ve or the reacti l-e component of 
the unkll ow li impt:alance is "llr )' in g 
errnticall y, a Iwecise measurement of lhe 
steady cOIllI}()lIenl ca n still he made. 
Furthermore. without disturbing the 
bridge control ... it is l.IOSSi hle to obsene 
\. hich component of the lIllkJlOl"n illl. 
pcda n{.'C may be drifting progressi,el y 
"it ll lime. 

8@)@ 
a b c 

It is evidellt IIial lIlerely not ing 
whethcr the tilt is up.to.the-righ l or 
down-I o-the-right gives a ,Iefiuit.e indi 
cation of the direction off ba lano..-e. The 
olber control, wlliell opens or elosel:l the 
ellipse. gives 110 indication of di rection. 
If desired, the an gle of tilt and the 
length of the minor a_x is ilia), eadl he 
ca librated to indicute the degree of 
unbalance in order to est.ablish tolerance 
limit s for both "the resistive alld t.lle re
active eomponcnt s of the unknown 
impedance. 

After the correct phase relu tionship 
between t he sweeping \'oltage and tlie 
terminal voltage of the generator has 
bt.-cn estaLlished, the techniq ue for us
ing the null t.Ie leetor consist s o f setting 
one bridge control to make the ell ipse 
horizont.al (see Fi gure 2e), a nd tben ad
justi ng the o tlier bridge control to close 
Ihe elli pse into a slruighlline (Figure2a)_ 

Wilh the Lridge far off balance. and 
the detector at ma ximulll seusiti l' ity, a 
distorted ellipse "'i ll a ppear 0 11 the 
screen. Theil , as the reacti ve bridge con
trol is cha nged, a sudllen, pronou,u::ed. 
alld easily de tected shift ill lhe shape of 
lhe ,Iistorted ellipse will ocCur when tbe 
eOlltl'01 Jlusses through its approximately 
correc t position. Thereafter, the balanc_ 
ing of the Lridge. c \'en with maximulU 
sensiti lcit y. is easily accompl ished. Com. 
parable operation of 0 1 her types of null 
de tectors is usually illlJ}Qssible because, 
with full sensiti v it y, the initial balance of 
one com pOllent cannot be det ected. 

The T YPE 707-1\ N ull De tector has the 
ad vantage. cOlllmon 10 a ll e lectronic (Ie 
"ices. of bcillg iuSlautalicous ill ils !"C

spouse. This {cat.ure permi ts one to 

disregard tra nsien ts whieh are int ro
(Iuced ill to the britlgc or detector circuit. 

F'tCU ItF.. 2. Di~:,;ra", ahowiug Ille screen I'ul. 
l ern~ (<or !>ulanee un tl ()u l -Qf.bula'll't ( ... ontliti()n ~. 
" altern II ;~ 6«" "' hen the I.rid:,;e ;s perfectty 

Lli lanced. 
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ami which cause considerable annoyance 
and confusion "hen a more sluggish in _ 
tlicator such as a meter is used. I\nothcr 
ath'anlage of this null detector is ill! 
ability to ,dthslanJ. "itllOut injury. 
nil} (Iegree of o\'erloading sueh as might 
be cn ll~d h) a pronollllc.el l lack of 
balutl{,:e of the brid ge circuit. 

For shifting the phase I)f the s" 'eeping 
voltage. the Tn' !': i07 ·A Null Detector 
includes n bridge net,\ork1.' consisting 
of h lO capaci li" e and two resistive 
antlll. Ihe Inlter being simulluneously 
adjusta ble by a single coulrol knob to 
ltermit a total phase shift of Ileurly limo 
with essentially constant amplitude of 
IIwce rin g vohage. 

\lost im lJedall{:e bridges ... hen bal· 
Illwed for lite fundamental frequeuey of 
the applied vohllge, lire not bilianced 
for the hanllonics. Consequentl y, a l..'OIl· 

siflerable debrree of fre{llIcncy discrimi
natioll is desirable for all types of Dull 
fleleetors. Qne "ay of oL tai ning the 
desired sclecti vity is by using tuned 
filters in the amplifier circuit. Induc
tance elements, however. are exceedingly 
fl usceptiblt> 10 electromagne tic pickup 
from alray fie lds, particularly III com· 
lI1f'rcia l l)Ower {rccluellcif's. 

, 1I" ... ,io W. La_. " A" . , ..... ,""'ie Null I~,.." ... .... 
1"' ...... '- n .... .-.. r,., ~./ ~iJK I .... r .......... . 
\ ..... 9. N ... 9. ~."u,I .... , 1938 . 

• 1I . .lot . TQ'- •• d F. T. ~ I ~".m.,"." \" F ..... '.OQ Tub. 
..... ""', .... nd \ ' , ....... , ... . ,,<1 • t'h ... ."h,f""1 B.;dle." 
,'-. I . H, f:. lB. 17-1.3 (1930). 

J EXPERIMENTER 

In the Tl'1'~; i07·A Nu ll Detector this 
flimeulty is avoided by the usc of a 11011-

illtlueli ve ,Iegencrative form of ampli 
fi er. wl .iel! was proposed h} II. II. Scott 
I:lIul is referr('fl 10 else" here in this issue 
of the E.'(I}f?l'illl flflfer . • \ fUllf'tioflal dia· 
gram of t he sys tem is sho\\ u in Figure 3. 
The amplifier sY81em has an input im 
l>edance of I megohm , a gain of ao 
deci hels. ami a sclectidtr of ,10 decibels 
againST the second harmolli,·. The mini· 
II1UIlI ohs.!n'able deflection thell occurll 

at 60 cycles. al about 100 microvolts 
r·m·lI_ J\ t hi gher frequencies the scnsiti\' · 
it)' falls somew hat , beill g about 200-
300 microvolt!' at 1000 cyclcil. 

The tunin g COll lrol l:lCrmils a varia
tion of ±5% about a mean frc(luency 
which is determined by a 1, lug.i n unit 
designed for a sllCCificd nominal fre· 
fluency. For low frequencies anot her 
"lug-in ullil is rC(luircti for the phase 
shifting nelwork. These plug.in ullits 
shoulJ he ordered to meet the contem· 
plated uses or lire instrumelJt; see speci. 
fi ca tions on puge 8. 

J\l any olht'r uses of thi!! (levitt .. ill 
,Ioubtless occ-ur to the reader. For 
exa mple. it ca n be used as a {'a thode-ray 
oscillograph for comparin g frequencic@ 
by means of Lissajous fi gures. The vcrti . 

F.CIIRK 3. Scilemalie r k enit ,jiagr .. .., "rTn's 707.1\ Cathode. n"y l"ull l nJiClllor. 
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GENERAl RADIO 8 

en1 d,·fl '-I-tion can lit" !;alihrllt cd for 11 
rou gh IIl t'm!urCIIICIiI of !'mall u ..... 1)Olen. 

ti ll is. hum levels. ha r lllo n ic C0Il1P')IICII1 8 

of voha gcs nr Cl1rrcnt @. etc. ,-... 
- II OIlnIO W. L"'1.50 ' 

S PECIFICATIONS 
Input Impedance : On"UI<:g"I"", 
Sensitivity : 100 1'-' ~ " W ('ytO

'"",; 200 lu 
3()0 I" a l IUOO <:n: I ..... 
Slllct lvlt,: 10 tl''f'i l ... l~ 3gain~ 1 ~"'nJ har
monic. 
Frequen c, Ranlt : I'lng. ,,, ""ju tunc II,,· 
IImpl.I;,'r for any 11 .. ~i r,·d "I, .. ra'i"g fn)tI'H;U'" 
l.e, we""!!() an,1 :?OOO r,·t: lt"'. C.(l"tintln,,~ Inning 
raug .. ± 5( (: for each 111"1. 

e D" I r 0 Is: !'and " . ... Imls arc pro, j.I ... 1 for 
gd; " "I''' 1l .he foc,, ' 3ml hrilli~nc .. of th l' (,3,h · 
n.le.ray I'nt l,·.n, tl,,· I,h""" lind oll1I,I.,,,,le of 
Ih.< hor;"')Il , ,,1 ~"" 'f'J,ing H.llage, Dud th" guin, 
~decli"il~, "",I 'limn)\: of ,h .. ""'I.lifi ~r. 
i\ttu s orlts Suppllld : o,,~ I>o"'cr cord 
a,,,1 onc shj,·loIed inl'll l cor,l. 

1)'1''''''_~ 
701- \ 

Acc es sorilS Requ ired : Onc pln!;.i n "has
i ll~ ciren;1 ; A n i!< '{1 wt " 11 ) (rNlne,,,') ... ·10 '" 
1110 "yde«; " ne 1,lug-in IIIU;",:' u"il. Tlw~ are 
nol ind " ,I,.,1 ;n Ih r- price o( tI'e ;'''ilrnmenl. 

Power Supplr : 11 5",h". IOlo()() c~ch· •. 

Power In put : 20wal1 ~nl(;ocycl ,,~. 

VJcuu m Tull .s : 0",· 6" 7C; pe nl .... I .... vnc 
6F6G I .. in l riOt le, on ... 6J5l; lriod r. 0 " .. 9 13 
ra lhOtlr-ror 1,,1.e. pnd o lle (,'5 r ..... t ili ,·r ; all are 
. "I'I,lied .. ,Ih Ihe in5-lru,,"cnL 

M 0 u n I I n I ; Shndnr, 1 19· i,,..h rrlay. rnck I,und. 

Dimensions : !'and. I') ~ 7 ind" ... ; .!'·plll h .. · 
h ind panel . 9 iuehe... 

NI IW elth! : 301~ l'o"t1tk 

Prirr-

l'o·IlI.TV 11 9':;.00 

T .... ,~"",""'d' ....... " .. 1 ... ' .... .1 .... 1..0101 .. n,l ... "",ub .. r 01 ... A ....... ;.,.n T d •• ""- and T .... , •• " .. c..n ... " , .... I.h r.,. 
,,,n, ... ,,,,,, on .. _ .... h. in .... " ••• "'n ...... .,. .. ' .... ..,n •• '~.'i" •. ;n ... "" .... n . "d ,le.·" Io.>,,_n' W"'"~ in I .......... 1 . "roJ;',1 .., ...... ..,. 
'","' .. di~. l"d"" n . 1 and .... "_""' Ii<-~I •. 

I' ..... , . rol>, .... , r ..... 

PlUG · IN UNITS FOR TYPE 107 · A CATHODE · RAY NULL DETECTOR 
TheM' "nil.& are required for U!of! ",illl Tn' ,;: 

707--\ Cr lhvtle·n o, ",,,II Delt'Clor 1111.1 an: 
1101 i"dUlled in th~ price of Ihal illOlrument . 

c~ rlf>~ a,,,1 II he ... e. lion" i~ ""'(I" irOO. i\ It"';n~ .......... 
ullil is n.·· •. I".n·.1 for each 0 loera l'ng f ..... /llenc ... 
The luning range is ±5 per cent . . 

A I,hlls ing unit i.ol IlCCO!>\illl ry (or ol>eratioll 
AI any fre' luene,- /1('/111" 400 ,·,-el ..... AI 400 

,\ 11 unililplug ;nlo mount i,,!> j"c.L. $ pro"jded 
in~ide d'e n,,1f .1elcclor. 

707_ 1'1 
707-1'2 

'I'V/W 

707- /'12 
701-1';-.0 
707- I'W 
707_1'·100 
70;_1' 11100 
707-1'2UOO 

PHASING UNITS 
/Jf'<Cripriou 

For l~ re(I"c"ci., .. I" ' I "'~ 100 t:ycle", . 
F •• r Fr"'I''''''cic;! I>c l \Oc.·" 100 "nt.! 100 1 eyc' I,,,,, ........ . 

AMPLIF IER TU NING UNITS 

Fri'i/w'ncL- 0,,/(, If ,,,../ 

12 c~del!l I'III.LTo;:o::...T 

50 C) elcO! I'LLLTIOCOOC 
(toO (:,<'1. '" "IJLLTRCEYE 

100 c)'d,'s .... IJLLTttPlG 
IO(}O ,·,dc", N1) I.I.T t:CG IJ 'I 
2000 cycle!! rollLl.T ... ,cll r\l 

GENERAL RADIO COMPANY 

/'rico' 

$7.00 

7.00 

/)rIO' 

$25.00 
25.041 
25.00 
25.00 
25.00 
25.00 

30 STATE STREET CAMBRIDGE A, MA SSACH USETT S 
BRANCH ENG INEERING OFFICES 

90 WE ST STREET. NEW YORK CITY 
1000 NORTH SEWAR D STREET. lO S ANGELES, CALIFORNIA 
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