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A MILITARIZED, THREE-PHASE, L1NE
VOLTAGE REGULATOR 

The TYI'E 15iO-AS25 Line--\ 'oltngc 
H('p;ullllo]' is 11 completely militarized 
~t'r\'(J-('o ntt'Ol!("d thrN'-ph3Ff' l"t'guint(Jt'. 
The inherent tld\ ·anln~c.; of no dil'il0r
lion, lingo I)QW~' I" rtl.lin~ , and high em
l'iellr.'!' of this t,YI}C of rcgulalO1', com
bin('(i with it,; hip:h 3CCllmc~ .. !Llld (':\ccJ
i('nt transient r~pollSl', m:lke it ('SIX'
\·jlllly nltrnl"tiv(' fo r many nppliellliolls. 
III addiiion to thcmilitaryclwironnH'IlIf11 
rNlllir('menls of hhack. dhmtion, 1('111-
lX'r:l!Urc, humidity, and so forlh, the 
Hnit is dei'igrwd with pnrlielll:ll' f'lllphn
!'lis (l!1 fle:-.:ibitity, ('nsf' of nmintf'lIllnec, 

l"t'linhiJiIY, Ilmllong life. 
This regulator is si milar ill ('Ollstru('

lion to the single ph:l.~ TYI'E 1."ji(}.:\~I.j 

l.i lH'- r oitngf' Hf'~lIlntol'.' For adapta· 
I,ility find (,fI';{' of mflint('n;llll"(>, it if< huilt 
in t\\'O ullits ( Fi~lII'l' I ), The con trol \llIit 
('ollt:lillri all tlw el{'Ctrollic cil't'uitry :md 
is. itif'tltil'ai \\ilh the cOlIll'ol IllIit I)f the 
f<illgh"' pllllSI' mO{\l'I. TIl(' 1'('.I!:ulatm' unit 
('ollf<iSIS of n threc-gall~ W.i rlll'iac, a 
!-cr\'omolor, and th rcc "buck 01' boost " 
tr3tll'forml'l's, 

llt,t'3USC !l.lI t hr(,(, phase!' llrc controlled 
tow~t her in l'('Spon&f' to the \'\II'ia t ions 011 
one control ph:Il'{" onl.\' a ~il1~it, ,",'1'\'11 il' 
l'('({uiI'NI, and cOIll'idc'rahll' spnc(' line! 
price 8u"inl/;s arc pos.~ibie O,'cr the use of 

fl,vr. 1. Pfl n.1 .. I ..... of 
,h. Type 1$70-AS15 
Th .... Pho •• , A"lo
m al lo, li .. ...... olto, . 

1I.,,,lolor, 

three separate rl'guintol'S, While the 
performancc of thi ... typc of 1't'gllbtOI' is 
indl'pendl'nt of lond 01' load halnn('f'. nny 
input voltage \Inblll:mce that n'sllh~ 

C!UlIlot be l'Orl'I'l'tccl, siucc c~\('h pilusI' is 
not cotHl'O!lcd indl'l}('tldclitiy, Tim", fOl" 
accurate I'l'gulntioll, !l. h:ilflllr{'d input 
vohngf' is Ilt't'cssnry, 

Ease of mnintl'nnllCl' was a prim{' ('011-

sidemtion in till' ol'igilL:li dt~ign of til<' 

regulator. If service of till' I'lf'drnui(' t·il'
cuit!'y is rC<luircd, olli,~' the !'mall {'onlrol 
ullit Hl'ed bt, ]'emovcd, Tht' largt.'r IIllit 
with :111 its pow!']' wil'illj.( tllll :;tny in S(,I'\'
itc supplying unilltl'lTUptNI (btlt 1111-
rcguifllccl) PO\\(' I' \\hile the ('ontl'ol unit 
is I)('inp; replacro 01' I'l'plIin't.L :\InUlIll.I 
cont rol of out put \'o lt !l~{' i~ pUi'.'l ibll' dur
in~ th('SC intcl'\'uls by mcans of tilt" 
' fnria{'~ dial on tilt' fro nt pando 

Tu\x>::. mn be r('pinced wilhout the re
moval of :lily ('m'I"" otil('1' thall tul)(' 
shidds. HC'mond of fl s ill~l(' du<:'1 {'On'I' 

exposes all 01 her ,'ompOllf'nts. Com
pOIWll1 \\'iri1\~ il'l !w{'ompii:;ll(~1 with :tII 

etclw(\ tirtuit to pl'O\'idc n hi,l!:h dl'gm' 
of uniformity ht'lwt,t'll units. E:wh ('om-
1>OIlt:onl is mm'ked with ilS m:l~ni,udl' 
ami ralinJ! :lnd i" iden t ifi<'d by a com-

ta "e 
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GENEIIAl 11.11010 EXPEll M ENTEl , 
1>011('111 lIurn!x'r printed on the Illo\lntin~ 
board. Th(' rt'mo\'ul of the bottom em'cr 
piatt· (':q>oSl':l. nil cll:hl'(l II iring. The 
(·omplc·te tin'uit diagram is silk SI'r~lled 
on tllc illSidl' of thjs platl'. For protl'Clion 
zlgfli ns t 1 hc efT~ls of moislmc find ftm
.ll;US II;l"Owths, the etched 1>O[U'd i~ !l('nl('d 
II it h \I flln~u~l'csislant vlU'nish , 

n cliuhility lind long life h!lsC bccu 
assured by conservative ratinjls and thc 
liS(' of I he helOt nlllterinll'O and cOlllponents 
in simplc rin:uits thai hnl'c prol'(;'(1 re
linblc ;1\ 10111; field t'xperiClU'(', 

For maximum versfltility, 11 Bw it ch is 
prol'icled inside the "onlrol unit for 50-
eyeil:' op('l'Rlion of the regulator. II! the 
,iO-cyc'le !\lI'i\l'h posit ;OIl , the I'IInl/:O of 

upera tion is 45 to 55 c: ill the tlO-cye!e 
Iwsilion, it is 50 to 6.5 c. Spzl\'e is zdso 
prO\'ided fol' til(' instttl iation of I~ sep
arate output-\'ollage-samplill~ tran!'i
fornU'r to p<'rmit control of lOO-e;rclc 
1>011'1'1' , alt hough 50- or 6O-<:yde power 
must h(' II.vflilabie to operate the control 
Ullit. 

'I'll provide ade<iuate slrell gth for 
mili t ary s hock lind "iuration I'cl(uirf'. 

I/HC--'==='---., 

menlS, the regulatur unit i!i buil t. on a 
S('vclI-inch, l--sh:qx'(l, ('xtrudf'fl-:llllmi
nllm chaullei. The smaller ',;Olltl'O! unit 
mOllnts 011 a %" aluminum panel. I30t li 
ullits wi ll withslft lld the s landarJ J 2(X).. 

ft.-lb. shock test, :Utd the,l' sliow no si~
nificall l mcchunicnl l'l'SQllflIlCI,,'S up to 
55 cycles p('l' &'Colld . 

Tile rcgu!:J lol- i" dt'" igllcd to ml..'(!t or 
to eX(,('C(1 the geIJeml requircment" of 
:'I II L-E-11.:;8B and :'I II L--E-J(}.IOOB. Jt 
will Opl't:lte:1I fulllo:ul 0\'('1' the ambient 
temperature muge from _ 2fl°C. to 
+52 0

(" ( _ 20° to + 1 :?Jo F.) and for 1)011-
oppr:ltil lg slol':t.!l;l,fmm _ .j_1 DC. 10+8,j°C. 
(--{iijo to + ISboF.). W it.h l'pctia! motor 
lubrielmt», o pcmtioll i!; possiblp at f:ll' 

lower t('mpcmturcs. Opemtion is pos
sible wit h rcilttivc humidity up to IOU 
percellt, illciud illg conden8:1tion C!l.USC\! 
by lCmpemtmc changes. 

While thl'&' military spccifi(:ntions :ire 
generally more 8C.vere than tJ10SC (' 11-

countered in most indnslrial npp! ira
l ions, the incroAAl.,<1 rcl iahi li t,v :111t! past' 
of maintcnnncc may uf tC'IJ ju;:;t if." 1111' 
II!'(, of the milit :ll'iu:d 1'('.2,:1I11110r in ('ri t il':,1 
ill ti llstrin j II ppl itat iOlls. ' j'his is p:lnicu
Iarl,l' tme for 31)pii(':dions lit high a m
bient tcmpcmturps 01' for portable ill
stnllutioll8 where mC(!hsnical shock or 
\'ihraliC}1I is cncou ntered, 

- i\ 1. C. H OI,Tn: 

SPECIFICATIONS 
'-,mi"ot" Multipoint. COIlII(;f'tOF strl p~. 
fr.q u.ncy , 'lfi .. b5 eyell'l!- or M-G5 cycles, ruI !IC-
11'(·tl'c! by n ~wi l .. h, 
W ..... f .... m OI.tot'll on: NI)Il('. 

W ..... f .... m Err .... ' The !Wl't!'lI:<! value of the out-
put mlt:lgi' i~ held l'Om'bnt, nnd n [();~l"<.l de 
po .. ·.'r ~ujJjJly Ol .... r:ttl-d from the OU11>ut of th., 
f't>gu"'tor .... iU gin' ,'On~tlU\1 output VOit :lg.:l n'-
K:.n1h ...... of th!' h:mnOllk di~Iortion prt!Seltt ill 
th.· po .... "t lin!', Thl' rm~ '-'UIIIUI \'ult:Jg'-' will >\Iso 
"'m:1in {'OII$lall t , I'f-g!.rdl<¥>< (If t il!' h:lrntl,m;(' 
d;~t(l "ioll pre!iCnt, liS IOllg ,w t he ph :&i:ll' nnd 

fill " '. 2, f unctlono t b tock d lDII,Dm oflhe .ellu lo lo •. 
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, 
mnplitudc of these h,mnonie;;; fire l'OIUlt:Wt. If 

'Ih,' harlllonic 1:<)l1t('1\1 ,·hallg'':'!, tim rmil vulue 
will dmng(' hy a" :unuunl k,,~ than lJR/n, 
II Ill'''' lJH i~ tiJ(' ch'III!t,· in til<' harmonic nm
l'lillld,' :>11.[ '1 is th .. harrllHllil- lIuJIII,,'T. 

A",bJo nl T.",~<ot"r.: Full r"lllIg~ '(~(Jly over fI 
It'llllK'mtun: nlug.: of _2\1" II/ + 52 C . 

AP R IL , 1 9 5 9 

Po ... . . CO"""",pl;,, .. , No lond, 35 W!ltts. Full 
loud, 1·10 waltil. 
Oi",. " , io,,", ClJutl'ol t;uit., prtllei, I9 x 3).4 inch
('s; ti"pth I,,·hillJ ,,:ltH'l, 7 i,1('h<':<, npgul 'ltor 
Unit, l':m('l, II) x 7 (ndL<"'; «i'rth I ... hind I''''''' !, 
U; ~ , IndIC!!. 
N. , We ig h,: \)7 llUund.~. 

R",lngl 

1S7o..ALS25 1570-,.,H525 
--

·Output V"lt:lgl'! Pl'T phu$f' .... ... . ..... ... 11S± 111',1) 2:.«J ± 10' ~ ._- --
\) I ' ~v S':>.-. 91 ';~ 82(~, - ,0 

.o Input Voltage 'I!' n Iwn..::nlur Output Vollilg(', to to " I" 
109':1, 118~~i; 1O!)"~ 118'10 

--
Output CllrrNlt pl'r pll1..,;o,:. ....... . ..... ...... 2S \2.5 to 5 

- - -- --
ApIJnJX. KVA (wy.····) . ....... .... S.G 4.a 6.9 :1.5 

---

I 
- --

t A("'lInWy in % of uutput \,Olt;lgl' . ...... .... 0.5 1.0 0.5 1.0 

ttSpo. ... ·d of "'SPOOl!(', \'ult.!I\.M.'r Sl'l'Qud. ..... to 'lO 2Q '" _. • I)f,tt" rnt"'..: .. II";:! 1""", W}~ rn"n~. IIIte,,".1 ~<lJ""tll",nt 
"'""crU'TlCllt. n ..... IIi"I""/ """'~"'t .. / ro, :l::w.", "'''48 lin""",, ± 18'4 ""UI" i. '1"'<'i£1I<I oil order. 
'\ppl;"" only 10 _" ... 1 ph ...... , Otlle. p"_ <iel",nd 0" inJlu~ voh"ot<Il b .• I .• """. 
""h,hlly 180 for "try .mIIU voll~ge ""rreclio .... 

Type 

1510-Al525 
1510-AH$25 !3oPhO •• R. , II I010., 11 5 v oll •. 

3oph, ... Re, IIlo lo . , 230 voll •............ ::::::: j 
rllll~ IVlllvl 

IIICKY 
11..1..11.1' 

/'riQJ 

$165.00 
'1$.00 

POLYSTYRENE CAPACITOR DECADE 
100 lJ.J.' f per step 

Su pplemellting the three polys ty rcne 
dC('adcs preyiollsly nrlHoHllccd,· n ncw 
uc(:adc with capacitalll'c s teps of 100 
l'J.<f is now ll\'f\i lnblc. Like its compnniolt 
units of 0.001, 0.01, and 0.1 /.If pcr stcp, 
ihis new decade is admirably suited for 
applientions thnt cllll for high insuialion 
n·"isoIfUll"C, low di"lC('trir: nbsorptioll, and 
constancy of capa('itance and dissipa
tion fattor us n fundiou of fr·cqucncy. 

Foul' c:\pa('itor~ art' usC'e:! in the dC'c
;\dc, wiih thC'ir magniltld('S in thC' I'I1tio 
I-:?-:!'-J. Parallel comhill:lt.ions, as' s~ 

' '':,;" .. 1l""8d~ C~lll,,·il .. .,. ,.-ich ' ..... II·M'oM Diol('<:I";"," 
r;"".ro] It.w.;o 8.<p";",,,,,''', 31. \! •• r" ~., 1\1.;6. 

Fi, ,, .. t . VI,w of , h. Ty p, 9.o-D D.cod. Copocllonc. 
Unll. 

k~ted by the switch , yield :lU inhlgrui 
val lies from I to 10. The switch is rigidly 
constructed and includes a. detent mcch-

. --... ~, 
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GENERAL RADIO E X PERIMENTER • 
-, II 

/ _. 
I 

~ - --• -
Flg",e 2 (Ie" ). Cho ng e in <opodlonu 01 ° '"ndion of freq"e ncy . Sinn th , ~apo.ila .. are adi",led to the1. 
rated acc,,",cy at I k. , the l . kc "al". , ha"ld b. " .. d 0. ° .. I",nce fo< an .. II mot. olth. ' ''q'' ' ncy '''0'. 

(Rig"') Typical pial 01 di .. ipOlion lotto. 01 a f"nClio n of f .. q".ncy. 

nnism fOI" pOtliti'·l' l(jcation of po:::itiull. 
'rhe f';witch irlf:ulatioll, il!dlldinj!; the 
tlhaft, is 1t('at-t'N;i.~f :lilt, l'I"oss-1 iHk~ I poly
~tyl"elle. COHtntt i,; m:lue by t'ams IJl'ar
ing Oil phot<phur-Iu·onze 8prin,ltS, alld the 
whole ('onlnct structure is hel\.v ily silver 
plafed. 

'1'h(' indi\"idu:l1 capa('ilor units arc 
wound fl"om I'onlinllous inl('r1(,:l\'('(1 
lapps of polyslYl"l'ltc nlld metal foil. The 
foils projl'dinj!; at I'lll'h end uf tlH' 1"Il1ilil'c 
!<oldercd togctlwr 10 minimize indu('tancc 
aud series l'l'liiiitnlwl·. 

The lnpc u~l f l)(" the dieleclric is 
special I." prcp:l1"L't.l of puri(jl>(i hi~h-rnoJ('('
ulllr-lI"('i~ht polY'lt.welle, h:l\·i ng: ,·cry 
high illsul:Hioll resisumcc and freroom 
f!"Om Imll·alltl'll polm·iz:ilioll i>. iif'l"uwlic 
scaling with Tel1ol1 feed-through illf:t1-
lalol"s assul"es high perfonl1:lllel', (.'1·('11 

tlllliel" ndversc humidity COlldi(iOlIS. All 
(;:1]):1cil01" units arC' hea! slabi!izexl , so 
thaI lllci l" IOI1l!."·lilll(, stabilit..v apPl"o:1ehes 
t hat, of the best silvc1'f!l:i-rnil·a enpllcitol"':'. 

T(·l"miJials an· pi"(j,·ided fOI" both "2-
{('rminal and 3-ll't'miu1l1 ('ulll"tcc l irms. 

SPECIFICA liONS 

Copo~;tonu' ']'(>1:11 I"flllgl', 1l.()(11 "f; pcr step, 
0.0001 "f. 
Zero Capocilon", 2·t1·rm;n:l1 connct·tiun,IIJ1)1rn"l:i· 
m:lt('ly 11 "1 . .(; 3-term;nlll coJlneclioll. <]""f. 
Ac<".o~y , 2-10rmillill. ± ( t"';' + 2 ""f ); 3·tl'rmi
nllt, + 1 'r, - (2<';' + " ",,0. Cllp,\("jt fml"~ ill
,·rt·!U('ut f ,.(,m Zl'ro sdling i~ lI"ith;n thi~ Il("ri!ellt
Ugl' of the indi'·!ltw v,.lu'- for nny $(·";I\g . 
Olulpollon Foclor: </).0002. 
Inl .. lotion Rul.tanc., > 1012 nhma fli 100 V, 

25G C .. MlC; lUI. 
Temp.r .. I" •• Coefficient 01 Copacitanu: ApprCtxi
I1Hllt·J)' - 110 ppm /"C. 
Mo.;m"m Op .. allng Volrage, 500 \·,)jts. dl· ",. 
pt·:,k, ,,' fr"·q\lf'n,·i('~ up to \0 :'Il r. 
M .. ~lmu ... Opt.ol;nll T . ... pt ... '" .. , f;5G C. 
Oi. I •• "ic Ablo'p'ion: s. ... "ol1"gl' R",·"v<"rY. 

Yolto"e il.tco""y: <0.1 ~ /'of "ri~mlll (·hll.T!(in~ 
,·011 /'1:1' h[tl'r II "'mrKing l"' rivd M 01\1" hour :In.] 

I Dec .. d . Cap .. cllo. Unll . 

n IO-s('(:ond db,th"rg'· thruu~h ,\ 1·,·~isl.;lIw" 
, ... unl to one obm pcr volt Qr ch!lrging. 
Olmenllonl: See sketch. 
Ne t We igh!, 2 I)(}und~, 2 ounccs. 

fi"" .. 3 . Oi m.n· 
110 ... 01 Ihe Typ . 
980-0 Oecad. Ca· 

pacllan .. Unit. 

. . . . . . . . . . . . . . I 

/ 

.~. 

- ,-
- - z!-

('Il<ie Word Pricl' 

$57.00 

IET LABS, Inc in the GenRad tradition

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

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



, AP IIIl , 19 59 

ORTHONULL - A MECHANICAL DEVICE TO 
IMPROVE BRIDGE BALANCE CONVERGENCE 

Imp('( lnJlc(' bridgi'S l'!m W'llrntll.\· bf' 
~livi.!(\(1 iutl) two dll.">."C!". dl'lX'udillg upon 
l hr 1~/{'f11iOH (If the two adju!'!t:lhlt' ('f)m~ 
POI1('tll" ill lh(' hl'idg(' ("irruit. Th(~( ' nl]. 

jllslllwnls mllY hI' rilh('I' ill 1111' ~flnll' 

hrid~I' at'm r)r in rlifTf'n'tlt al'm~. 1~lId 

Ilwir po:<ition:; dc'tt'l'min(' wh:tI th(· 
"rid.'!"l· \\ill 1'1':ul Hud how tht· huiau('I ' 
will t'IJII\('rge on tlw null. 

Till' f:Ullili[lI' ~Iax\\'dl irldlll't:UI('(' 

Ioridp:(' muy tak(' (';lh('1' of thcoN,' 111"0 
rOrtn~ a,; Fh\JWII ill FiJ!,"UI'(' I. Th(' huinu('l' 
('qulltiulll'l !U"l' Ih(' same for hoth forlll,." 
11011(-\(-", din! I'l'fldinj.( mUFt, ill Kf'tlNnl, 

III' proportilJllld \1) onl" t.nt' nlrinhle ell'-
1111'111 .... n t hnl I h(' t llLflnt it ie:; indicalt'11 OIl 

llw dinl" RI'1' d ifTI'fl'l1t fill' Ihest' two rir
"lIit" 3~ "hl)\\ II , 

Thl' hridl!:f' thaI I'l';\d,,,, /, lUll I () 1m,,,, 

~t'\'I'rztl im\lt!l'tlmt :tdy:\nt:ll!:l'<;: t l ) I I 

u'ails (I , II hi,,1! i" J!.t'IU"'f:dl~' amon' tI,,
",in,d qll!l!1tily Ihan /( h(,(,:lu'>(' il J.!:in'~ 

a 1ll":t"'lll't' tlf 11lf' p'IJ'i!y (w qlwi il ,V Ilf II,., 

iml'II' Ior' II II lu 111\ !'lll('uln 1 lOll : (:! ) b{'t'llll!'o!' 
lh(' 'Il:1l1dnnl ('aplWi"'}I' i:-i fix~l. i1 1':111 
Hllln' t':l.",il.v I", made large It) IWl'Illil 

hight,!, J. :lllfl (j valli(\:< to Ill' lIlf'a""I'l ... I : 
1I11t! (:1) I,nth udjn;.;IIlll'lIt8 ar(' \':Jrl:lh l{, 
rl'~i .. tors, \\'hif'll (':Ill Iw ('onli nuou,,[y 

:ulju",llIhlj' o\'t'r:l \\idl' rllllgt', 

1'1,.. IA) hndJ!;1' Jr:1S (JIll' dis.:td\:J.lllllll;t', 

hol\t'\ '.'r: Illll'J! 10\1-0 j'OmpuIU'1l1S art> 
!t1,'u"'lIn ... l, Ow h:dalldu~ pr'lct .... lul'(· lw
"Oll\('~ (' 'll;nll''; and Or!N) i1l1]10,';.,;;IIIII" 

l -R BRIDGE 

'. 

o\\'ill~ to :slow CQlll'N!tC'Ill'{' of \iI(, bal-
1\11l'('. This (,Olillitioll, OftI'll r('h'rr('d to:J.~ 
a ",;liJill~ IIIlIL" ('1111 hI' J'f'mt ... Ii, ... 1 h,\" a 
Ill(·dlllnkill unilalo'I':I1 ~a!lJ.!:IIl~ t':llh'd 
Or(hIJIHIIl ,:\ palcnt('d drl"i ('C' 11,,( ... 1 fOl' till' 
1'iN'1 time 011 lite- GH '1'\ I'E l(i,m-,\ Im
p('tluncl' nJ'id~(' d£"'lt'rilll'd \:tst mOllth. ' 

Couse of Sliding Null 

The output \"oltnw' !If tin \mbal:ult'cd 
~ I :lx\\'cll hrid~(' mll~' 1.1l writt(>u in til(' 
f() l'In 

H J:+jWLx~( II"/(,, +jw/( NU .. f 'r) 
g,, = Nr ( I ) 

I';'N J)"/lllmin:1tor 

Th(' til'nominatt,r i_~ :I "OIl1pli\':It('(1 fUl1\'
tioll of the hritl~(' :Irm~ !llld ~I.'n('rator 

:lnd d('t('f'lor imp(oUlIlll'(''', :lnd, 1111' thl' 
purpo:,!(.'s of thi .. :ul:II~-'Ii", 0111(> "HlI :1'~\lIIW 
thaI it i .. \'0I1~I: 1111 ill tlH' r('~iOlI IH':II' IIIf' 

111111. Tit!' IHl1IWralOl' i", mad<' Hp of lhe 
diffel'('IH'(' 11<'111('1'11 Ih,' "llllkHUII"lI" im

pNIIlIWl' IIIHI a fUlU'\ iou of t hr hddgl' 
('ompOIH'nt,;, Illlieh \I'.' \Iill \'all !hl' 

"bl'idgl'impl'(lulIl'(' ," \1 HIlII. tl)('* 11\., 

Iml){'tIt1rlCt.'~ ll1"(' I'quai. OfT lIull. tilt' oul· 
p"t I'olta!!:!' is prnportll1nai ttl till' ditT('r
('1\('(' 1)('1 1\"(,('11 tl,('N' '\1 ,) IjUfiut il if''', \d,i('h 

is ,1,(, ,li!'la'II'" h,'III,'!'" t lH'1ll nil till' 
I'"mlllt,\. plant'. In hnl:uwillj! tht' Iwid);,', 
!lll(' :tdjU:<It' !lw I'uria hl,' ,'1)11\1'0111'11'" 
'1 1~11. 11, r', "\ ,.',. I ,,,,,r_.1 ''''I~'I''''',' IIr;,I.,, 
\;"".",1 H3<1i" 1-:$1",,,,,,,,1, 'I",,·), 11''','', \,,,, J;I, )0.-,,_:, 
1'1' :t·~ 

L-Q BRIDGE 

" 
• Ll<-~R .. ct 

0," GJCl 54 
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GENfRAl RAOIO EXPERIM fNTfR • 
altcl'lw. lc\ .... to ~i\'f' a minimum output 
,·O\lllgt·, r{'pea!inlo( t\\(' pfOC(,S,'I lIIuiI :t 

sat isfactory balnfft·!' i. ... l't'at' \I f'(I, 
[n IIw IrQ hridw' . t ill' /'wo {tdjllst

able (;vmp(}tll'lIt~ af'~' Il, (uld RT , Prom 
tlw ('(\11 :\1 ion ahnv(' i! (':ll) IlI' s('('I1 t hal ,~ r l 

:ldjll!'tmeHl of NT "!triCR oILI .... t he 1'(':11 
pat'l 01" 1111' b]'idgc impt'(lance and Ihl'l'f'
fo re would mU\'(' this illl ]J('(lall{:c Il!wizQIl
l:l ll .\' 0]1 Iht· I'omplcx plan(':ls "howli ill 
Fig:llrf' 2. Bntll I hi' n '!!J IULd imag;illllt'y 
pat't ol are prop4lt'lIOu:d 10 the other ad
j !l~lm('ul t /("" I'<U tlml a ,'arinliol! /If thi~ 

quantity ('(IUS(';; th4,.· hridp:t, impel.ln1L<.;(, \n 
mO\' I' rad ialJ.,· fl'tllll 1 III.' origin. Wh(,,, () 
IS high , thl.>;;C two ILdju81JUenttS h:l\'(·\oti 
lhut ar .. almost ol'lhn~()ntll , hul wllf'1I () 
npPl'Qat hes Zt'I'O, the lo/· j 1)f'('ollH' mor .. 
Imd more ncarly parnlJf'J. It is ob\'iOllfi. 
,hat, a t lOll () 1'l111lt·", :1 \'!Hilliioll in onl.,' 
lh(' im:lgin:HY (\'('rti('l ll ) dir('Ction in· 
"oln'8 ndjuf<tmcn ts of h{)l h ":trinhl(' 
qfHlIItit k.,., . The p]'O(,(~~ of balanc i n~ i" 
~rnl'\dl!ll lUlalo)!;ou,; lu thai of ltlcki ng 
with a liailhoat thaI won', point I'l()~p 

(0 tJte wind. 
Examples of tIll> bal:ille(' lo(·i al'(' 

gi,'('n in Figu l't' 3. ~ 1:IIlY u.d j ws.t menll'! a1'l' 
1Ie<'{lc<i to obtain a U:1.l:lIl{·(' , :wd it ('WI 

1w ~CII that ('!Lel! adj ust Jllctlt mak('i> so 
;oJllan :111 improYclllf'lIt ill the outpltt 
\'Ollag.' I hat in pm!'1 iel' il is oftl'lL UII
llotic{,;lblc, cspN'ially if :111 aural null 

RT VARIED 

R 

Rio! AND RT VAR IABLE 

indica lion is used. In t his I)\ot. the Q of 
I be unknown is 0. 5 whidl i"n't "Cl'Y Iv\\'. 
The situH lion IS much \\'nr~' if th" Q is 
10\\,('1' . 

Orthonull Mechani $m 

Orflw/llllt makes it possi ble to ge t ;111 
indcpl'ndf'lII adjU f< t!nelll of the jlllllgi~ 

lIat·y pad of th.· I)f'idge imped ance :\IId 
h{'nc(' rapid 1'01lvcrgCIl!'(', To do t hjs, tilt' 
ralio Ilx liT ill the I'ea l pal'l of Equ:lIioll 
( I ) i" kCI)\ COll.'< t:mL as /(.X i~ ,·ariL-d hy II 
gntigilll,; of lh,' IWl l adjustm{'nt". 1[0\\'
e\'(.'r. when R" i" \'tll'icd, n.,. :\Ild NJ' 
:11 ·(' not )!;fl1lgCl'I so that only Ihe rf'al p:l1'1 

i" \,:lril.'d . 
Thf' rllf'CilallisllI 10 ulltain t he ulli

laleml ,l!;anging UII t he THE l(iO()..A 

Bl'idg: £' is ,<; 1101\'11 ill Figul'f' 'I. The frie
lioll cluu'll which iii clI,l!:a~ed wht'n Or
lilQnlll/ is :lcl.i\'e hil i' suftic if'nl friCTion 
10 drive (JlI ~ il,y , h(' lo\\'·friClion D-Q f'e

si$t()r (/( 1') , However, Ihe CHI. fI'8iSIOr, 
N.\ , if< loaded h.\< !l "Nllicr :~dju l' llllf'nl 

and lIy a mech:l1Iil':d justifying rn{'(:hllll

ism~ w t hat il s friction is high enough 
10 Pl'('\'cnl rouplin.l!," ill Ihe ,'eV{'IOSl' di
r<'('1 iOll. 

I f t ire 111'0 I'csisl or!'!wcl'c alw:ws gallged, 
,Ill' mlio N.v/ I? r con ld be madl' ('onsla lll 

' r !' . l"'t~ I" N ... 2.s7~,n3l1. 
"l'h", ju,liI)·lnR I ,,~< hnn"'''' 1. An ~tlju..", lol .. ~alll " ml ~~1Il 
/<>1 1" ,,· ... ,,·hlt h an ... \h" r~",ltj .. n lor ,Iw l>ou·nrioQ,eL •• 
.. ,",. " 'ilb ""',>eo., It, l l". . hurt ~ "d 011,.1 to "' ''''1 '''''' ' ''' 1M 
VMi"I I' J n~ i" 111~ ,,·i, .. lin~. 

Flvu •• 3 (,;glrt). Id . .. li .. d bCll .... d .. ' IDcI; Q _ \1,. 

~ ,QIr-----'---·-/1 

"I 
" 
" 

" , 
/ , 

./ 

/ 
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•• 
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• "'Rll, 1959 

f l ....... Im..l .. vlo .... f Ih T,po 1650-... I ... pedo .. ~. Bridg., ,howi", ,h ......... drl .... lor Or"-vll. Tho 
,"rich I ....... wh ic h II ",..,0'''' from .... fr .. ", po ... l, II bet ....... Iho two po""lIo ... " ••• ; tho clulch foco I, 

bet ....... th. Iwo pun",1 on th. '."_hand p." .. li . .... _. 

by 11:;(' of 1'(';1;8101'8 of :In,'' ;;i m illll" l'har
:wtNis l ic. 11 0\\"('\'('1', ~ill{'{' 11 7, 1ll111;t \)l' 
mov{'(l indcp(·ndcntly of I? ,\. :111 ('XpOIlCll 

li:\1 H nl. 11 d lflr:H'lNi"l i(- is n('(·l~"ar.\· ill 

FI" ... S. PI .. ! ., 101 .. 1 .... mI., of bol .... eu ,equl,HI 
t •• <hl .... 1% fI .. o' bolo .... , wi'h .... d wltho .. t 

Ot~ o ... lunction 01 O. 

,. 

(' , 
j' 
• • " j-or:-
~ • , 
·,f---1.----c.t-----~,_----_!----;_~ 

o 

ord('r th at :l gin'lI 1l1l1{ul:n Ch:UlgC \\'ill 
:1\II':I,\'s pnxhlct· {he sam(' fmetionfll ,.{. ... 
sist:u \('(' t hangt;, FonulmteJy, rt'Sis lor;:; 
wit h (>X I>O tlf'lltial wi lldinp:s have logari th
mil' diall<. whi(·h Ilr(' df'i'b·n.ble for COI1-

~llln! i>erCCllt~g(' hridge nct"umcy. The 
I}-Q I"t.'sistor of 11)(' T YI'E I650-A Im
I>e<innec BridgC" is II :)-I-db pown! ioml'ter 
and t he (' HI. dial i!l log:lri thmi(' O\'l'r!l 
2 1-tlh mngc. Thl' dilf('r('Il("c in ('xpon('l1-

tin! splm of t hl' t\\'o rCl'i .. l0rs r(>!o;ult~ in 11. 

pullc.\· ratio that. i .. fa \,oralJll· 10 torqul' 
trull~mi;tSiol\ in t he direc tion rC'qu ir('(1. 
Thc pu lll'Y~ nr(' eonn.'<."ted by a wi re 
cabl{' with sprinK take-up to pr(,H'nl 
blwk la8h ill t he adjustments. and two 
ball lwarings llr{' USN.I to reduce dmg. 

Advantages 

Th(' 11(kll1l lallC'S of Orfhon!llf 01)(,1":l
tion cnn most l'n:;lil~· he itlu!'Iral{'d by 
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GENERAL RADIO e X PERIMENTER " 
the experinwllltil plot, Figure''), of Q \'s, 
,he Iltllnht.'l" uf adjll"tlllf'lIt .. ; IIl'CI':'.~Ul"'y 

10 ~('t a J"'c hal;\I\t'c, ,\1 hi~h (t.:;., foul' 
adjw<I IIWllt:-<, twu ()f (':L('h putC'lIlioIlWI('I', 

:11'(' p;t'lwl'ally 1't''luiJ'l..:i whN)wl' OrlhlJlwll 
i:-< ll};('tl III' 1101. 13(\10\\' n Q of 2, hOlll'\,('I', 

IIII' ClI'I'\'e lor "Ill) Urf/!olw/l" qllir'kly 
ri,,(~ II hil,' till' IlIUllhf'r of Ildjll!ltnH'llts 

1ICC(.'$.~:il'Y IIns Hot il1cl'cllscd for 11111:'11('('8 

\I'it h (Jrllioilitfl , 

Folse Null 

\\'iIIlO111 Odhc)IIl/l( il I,. impossibll' to 
oblaill :1 1('; IJal:ll1('t,tlOIl'II If) Q \'aIIU'~ IJf 

:lhOIlI J:! if 1I11' usual \ndulu.:illJ,!; pru
('{'duH' is n:<e<l, l'nd('1' lh{'Sf' l:ollilitio1lfl., 
11 falSI' lIull i" l"C':wlu'll whN'e all adjw-II-
1lH'lIt ot f'ithe l' \':I1'i;I\)If' l'1('m(' lJj IInly 

l'UU'I(':< n l:H'j;tN brill)!;!' IIl1h:lI:lIl('(" ThC' 
phennnWIlOIi 1'; utle to the finite n'solu
tion of 11If' H1, I'('si,,!m and mn," 1)(' I'X' 
plai]j(~l \I it ll Ih(' :Iiu of Fi~tII,{, G, ].(., U,; 

aSSIlIll(' thai Ih(' H" adjustmenl i:-< 1':ll'i('~l 

mUI'ill).!; ,Iii' loclls of tltt hridgl' imp('(I
~Ult{' 1Iiol1.'( till' 1'1Idi:'lllinl':l~ s ho\\'n, The 
b('):il minimum output \'oJtagl' Of'CW'S ut 

point P, whidl i~ ,h('t"ius(l;iI point on lhC' 
liJl{' 10 tl1(' Il!Ikw)II'Il, The op(,I':\lor \\'nuld 
thell m:l1\(' 11 horizontal. /( 1" :lIlju8ltlWIlI, 
bu, siu(',' III!' l'('sl)luliOiI N

" 
i~ lillilf', tIl!' 

lot'us tlm,;t jump to {'ith{'r 1,1 M I''', 
hOl1l pf Ilbid! fin' furth!'1' from ,IH' UII-

1000II'1l tllall p, TIH'l't'fOl'(', all adju5tnH'111 

of l'il\l('1' \':lriahlt, i1)('I'(':I:-<('lI tilt' bl'iu!!,' 

mltp!l! 1'"II:'lJ!;t', and tlH' 11pl'l'al(H' would 

, 
\ 

R~ (L 1 AOJUST MEN T 

/ 

NULL' 
POINT 

\ UNKNOWN 
,,/ 

fig .. .... 6, Fills. n"It , R.ool",ion of II r ,., 0 ,5%; If 
Q - 0,2, the . "0' in L ,an'" 0 , g,eol o s 6.25%, 

:!,;,;Utll(' this point '0 h(' t ill' 1)('>;, 111111. It 
C:UI be shuw1l that tlti:; h:ti:III('(' c:111 

i, 
1't'sult ill an ('I'!'Or of fiS much a~ '1.(/">: 

wllf'1'C 3T i,; tllf' porcellt I'cso!llli'lIl uf NT' 
For Ihe ](),;(k\ , 3T""' O,5r~, so that thl' 

('1'1'01' would br- 1 ''''0 Idll'1I Q = I :! ~tnd :!:/f ' 
wilton 0 =0,1, 

11 shou ld be nOIPtI tlw i liw ;'fnJ,,{' !1II1l" 

(' ITOI' d(';;(' l'ibC'1:1 aho\'(' (':Ill be a\'uith~d h,t' 
:t !I'ial-:'llld-{<ITIII' 1111'111041, I II Ihi:5 \)1'0-

('edli n- \Jilt' slart,; wilh \'1(ri{)u" H,,' \'a!tl(,,; 
ami m:lkt,s sllel'('~"'il'(' h;llillll't.'~, (';leh of 
\\'hidl will 111' 11 "fnbr !lU!I." The besl 
balnnC(' m:ly l'VCl111WIl," be ob,aiued in n 
to~i(,fl l mnmwl' if tlw dctcelQr illdi(,~tlilJll 

i" tt.s<X1 llS a gllidp ill til{' dlUie(' uf 1111' 

SU(,C(,OlJi ll g initial Ilv "altH', Xe{'(II{:s.~ to 
SII,\', this is fl. linw-<'utlsuming PJ'(J(:('(lurt:', 

Multi pl e Dip s 

Til" Hnit«, n .. ~OI\LlioH of tIl!' N'r r('
,~i:i\or ;d"o ha,~ at! I'IT('('I 011 bil1aIIl't'~ mad .... 
wit h OI'/hO/udl, hilt do(':< nfl' limi' 'hI' IH'-

Fig", . 7, E"ed 0" O"lp"! volto,,_, fo, _f II m i!.d ,u ol"lion of liT, o .. "ming Ihol 111/ is Id eo l. IIr hos O,S% 
... olu!ion , ond Q _ 0 ,1. 

·.<-------RXbT----------------·~ 

R, 

-
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SMALL REGION OF Z PLANE SUCCESSIVE WIRES OF RN 

F1v ut. 8. Efrul on ""'pu, \l oilog., Eo, of liml •• d r •• ollllion of R,.. ond f,. o u umlng ~N "" O. 2r", 
6,.. O. 's%, "I'd Q _ O.1. 

tumey. lnslcad, the limited resolution 
causes tho output voltilg;e to make re
pealed dips as U.v is \'ul'i(,(\, alld the best 
dip can be chosen lo give n more nc
('urale rending. If hoth I'csiRtors II'('fC 
perfectly ('ontinnolls, fl variation in R,v 
would mov(' the Icx'lIs of the bridge im
p<-'(IaIH'C vcrii(,:"I lly on the complex plane, 
due to Orlhonllll nction. However, if Rr 
h:H! finite l'('Solution ,an adjustment-of n.v 
!'P!;lIltS ill a 7.igzag locus, as shown in 
Fij!;urc i n, where each line corresponds 
10 the "llrinlioll of RN for one particuhlr 
wire of Hr. Since the OlltpllL vollage is 
the distance between the unknown, Zx, 
:wd the zigzag line, this voltage \\;11 go 
through n scries of dips us R,v is \'aried, 
as shOll"n in Figure 7b. Jf the best null is 
I'hosen, thc elTor is always less than 
07"12, II"hi(:h iH.!4% for the T )'p~; !G50-A 
Impc<iru1('c Bridge, and Oms the errOl' of 
til", fa lse !l\lll of Figure 6 is avoided. 

A!'Iually , of ('01\rs(', bot.h RT and RN 
hayc finite resolution since both (ll"e wim
woulld potC'ntiometers. The R.\' (CRL 
rc-!<istor) resolution is abouL 0.2% . As tl. 

rt'suit , the locus of RN \"urialion is not tl. 

r Fill".e 9 . ACC"t"~Y I" b<o expected In ",e".uremenl 
". " funcll"n "I Q, with "nd with"", 0"","" .. 1/. 

"F,,'.e n"II" error il ,,110 Ih"wn. 

scrics of curves as indicated in Figure 7, 
but, a s tep from one wire to another as 
shown in I~igure 8. Th is httcr figw'{' is 
idealized in that. the nuio of resolutions 

• fJN • 
of the tll"O potentIOmeters, 6' IS us-

T 

sumed to be cxuctly 2/5, which results 
in an even pattern of possible bahlnee 
poill t 5. As RN is varied, the output 
jumps in discrete steps, with large jumps 
coming u.s the Sl'tting of the coarser po
temiomctel", HT , changes from wire to 
wIre. 

The most important limit on accuracy 

1'OSS181.£ 

- ·'AI.$( .. '-'1." - - r\ \ 1 
~ .... Tf:[l'II'OII 

l~- RlIt 20 Al>Jl.JSTIIO[I<lS 
IS'All"TI", AhlOO%l 

" -r---+-' 

\ 
\Oi~ ~ \ , 

, 1\ 
m m , , , 

" • • 
o 

• 
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GENERAL R AD I O E X P ER IM E N T ER " 
;l-l that. it is possible to get. a bridge 
h:l.lnnce that is in error by [I.ppl'oxi~ 

mately lJN /4Q but which is as p;ood as 
the bt>st possible halance. This occurs 
I,lwn the lInknown is ill the worst pos
~ible location, ill thl' cOlllplrx plane, i.e., 
II" lwr(' it is farthest from :my bubnee 
point. 

OI]1('r, less important, limits on the 
accuracy are backla.<:h, which is small, 
alld rt'(lucoo sensitivity, both of whi('h 
('flU!OC crrors proportional to I /O. 

:\lany expcrimcnt:ll b:l.iunl'es were 
made to see what sort. of U{'Cllnl.Cy ("ould 
he exp('(."tcd, and it would Sf'Cm that, 
with fl'IISOlul.ble C:lrc, one should be able 
to A"('\ Imlan('pof I % or O.I:J/ 0 7r, which
{'Vl'f is In.rger. T hi!-l is plotted in F igure 
!l. Also on this plot is the pos:;iblc errol' 
()('('lI lTin~ flS a result of the "false !lull" 
\\·lwl1 ('on"cntionai balancing technique 
is uS('{! as described nbovC'. A more pmc~ 
1 ieal limit for opemtion withoul Or~ 

tlwntdl is thc linc whit'h sho\\:; the flp
proximalp accuracy pOlSSible with 20 
hal:ln('(' adjustmcnts starling wit h a 
+ 100% llllbal!l.Il('p in inductancc. 

Conclu sion 

OrUI9null makcs pOR<;ilJlf' rapid bal
anccs at low Q '·UIIl0;, a voiding the "slid~ 
ing 111111." T]l(' ha."i(' bridge att'uracy i.<; 
nol affcctcd sillce OrlhOfiull oILI .... afTcct~ 
the manner in \\"hil'h t he balan('(' is 
made. EfT('('liI'Cly til<' accuracy nt "Ny 
low Q value" is impron'"ll by a\'oiclrrllce 
of "falsc nulls." 

It should he point('(\ out thaI 011 Ill(' 
TYPE J(i,jO-.\ Impl'I"iancc Br'idKP thl' Or
tholt!!1t mf'{'hani"m ("an IIf' u",('<1 for hip;h 
n c:apaeilalll'c 1lI('a.";UI·emt·nt~ as '\'f' ]] a.'l 
loll' Q indUl·t~Ilf"f' nl('~l."lIr(>m(,lIts. T Il(' 
dc,·ic(' ("nil bf' diR('UK:1K('(\ .<';0 Ihat high Q 
(low D ) h:1. I:\lII'(·'; (':111 hf' rnadf' in tlw 
usual manner. 

Acknow ledgm ents 

The id(':l foJ' OriJwftull II':\S prompl('d 
by a slIggPStioll from Dr. D. U. ~ill("i:l.ir 

for making an or1hogonal L-Il JJI"iugc 
(F igurc I) give !1 Q r(,:lding by apprrr 
priute adjuslll1enl of logarithmic ~cal('s. 
T hc IIlccillluicnl dl',;ic;n (,f til{' 1l1C'l;hall~ 

i1<m was worked out by ( ; .. \. ('h·mo\\,. 
II. P. Jl ALL 

GENERAL RADIO EXHIBITS IN CANADA 
0111' C'unauhUi friends will ha\'(' all 

opportunity to Be(! th£' i:l.tcst GC'ncrai 
Hadio instrulllC'n/s for acoustic mcasU!"c
nl('Tlts at the exhibit to bc held at the 
ll1('('tin,:r; of the Acoustical Socif'ty of 
An1{'ricfl. at Ottawa, :\I:ty 14~](j. 

A General Hadio 1 ra,'piillA" display 
will lip in Ontario :\nd Quehec from :'. [a.\· 
[[ to " lay 28. I I lI"il1 be at tllf' ~f'awa.\· 

1101('1 in Toronto on :\[a~· IG :1Ilt! at tilp 
Capri 1I0tei in .i'. lorHrt':ri on :\ Ia.v 2-[, 
from 12 to (j P.'\!. 

ERRATA - TYPE 1650-A IMPEDANCE BRIDGE 
PleaS<' nOle the foJlo\\'iIlA" ('orr<'{'tioll.'; 

to tht' spt'('ificalions fOI" this inst rument 
ll.pp<'arillg ill Ollr ?\ [nrch issue: 
CopacilonU Au .. , ocV: ± 1 '10 ± I 1'1'r. 

frequ . ncy lIonli. lor R: 2() ,. I" 5 h'. 

On page i , WHirr Iron-Co re In ductors, 
the last Jill(' of tIl(' fir'st pUl"lll{rnph shou ld 
relld "at initial permeahility." 

General Radio Company 

1 

IET LABS, Inc in the GenRad tradition

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

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