
VOLUME 30 No. 11 APRIL , 1956 

A HIGH -PRECISION IMPEDANCE 
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The iucrcased need for means of 
nlpid !Sorting of elcctrical ('oml)onClits 
hH.';; led to t he cxtcn:;ivc IISC of impe­
dlluce compal·il.tol'S, which illdi('ate di­
rf'ctiy the l:lCrCcnt difference between 
I WI) impedances without requiriug n. 
bridgc hnlanre. :'I.lo.,;t of thc.sc opcrate 

('ithel' at eI(' 01' III. 11 !i:\I'd low frequency 
aud arc limited in st'ope to simple ap­
plicfitions. The new Tn'~: 1605-.\ im­
pedance ('omp:muor' efin bc lI!Sro to 
(·()mpare complex impedallecs of any 
pha.-;e ang\c and hn~ l"everal important 
f("ltures \\'hieh allow :l. muth greater 
dl'grec of precision and ('onsiderahly 
more versatility th:1II olher illstrurncnts 
II v11ilable. 

This instrument intlieule'l Tlot oilly 
the differencc in Illagnililde \)('1 W{'('ll tilt' 

'1101';'. II.U .• nd tAllton .• -.\n In..,"",,~n. I.,.. .1 ... 
"",,,;.., <"OI,",*>" ." Imp • ..t"".·.· an·' 1)_, .. """ 
F..,wc." I·,...·ud'~" 0/ lAo .v.oI • ..,...' J.:1"I'Q~'r. ("6 .. ' 
Itt ••••. \.(>1. 10 I'I."~; 

Flgu. 1. ,,, .. . 1 VI.w. Typ. 1605_A Imp. d" ... . Comp ... oIOf. 
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GINII.l 1.010 I X l'lllMl N UI , 
.- -

two l'ompollt'1I1l> t hat Hre com l>:ll'cd, hilt 
al."Io ill( li('/llCS simulttl.llcously the " lm)"I'­
IUlp:Il' di ffcI'CIlt"C, whieh is oftcn of I'q llHI 
importlllll'(", The d iffcrew:e in 1 h!'!'il' 

q llanLili{,1l ('3 11 hI.' (/eterrninC(1 10 0.01' I 
aUfI .000 1 radian, rcs l)C('ti\'ely, 011 t il(' 

most scn!<iti\'c rlillj!f'S. Both magni! I/de 
and phlU'l..'-allgll' diffcrellel's nl'C' indi­
"Iltefl dil"('f'lly on panl'l meters. 

Th{' 11llj}«i:UH'C ('0Il1par:1l0r will ill­
tl il'utl' tliff('t'{'IH'I'~ h{'tw('('n f·l)mpOTll'lIl ,~. 

wlwtl1l'1' 11· ... jl<lin'. l·ap:1(·ili\,(', or' 111<1(1('­
ti\·(·, II il h II jll·t·\,i t< ion hil ht' I'lo \lIl llh­
taillllhlc· ill dir{,f' t-iluli('a rinp: illllll'lI­

IIl{'llIs ; 111('1\1<111'(' 1 he pila"t'-allp:ll' Ilif­
(l'I1·IWI·III·lwI'CII Iliffl'I'I'111 1,\'1)('!'i (,f I'(."j,,­

tllr ... ; itillit'/llt' Iht, dt'p:lI'IUI'l' fmlll 11111-
{MlIlil,\' of IIl1it .... in a gnll.!; ; mCtllSllI'1' IIu.' 
d(,~l'ee (If IIl1hul:UI{," ill inl1l,fOl'IlH' r 
windillgil; compflre dideetri c 8:.lmpll'i'i: 
:'lfl f! radlitulc the tldjustllll'1l1 of ind .. !'­
torx ttl IJI'I'ei:-;(' \'IIII1C!!, 

The comptlralor is eomplctely !<elf­
cOlltztincd, ilwlmling:1 ('alihrn l inf!; volt.­
age 111 thcek I he opcm t ion of t hc in8t 1'11-
rncut. T he meler \'oltagf'l'l arc flvai lublc 
c"terunll), to opcrnte rc{'ordcrlS, remote 
indit'ZllOI"8, or aulomlll ir ;;clcdiu.I; dt'­
vic~, If the UJlknown is remOIC, the 
internal glUml rir('uit. e3n he uSed to 
millimi7.e thCCft'Cf't of stray impe<ium·(,8. 

The illlernni 0.:.('ill8t.or l}f(widC!:! fre­
qUl!lIeics ffom [00 j·y.·IC!6 to Ion kf· in 

dt·,·ndc sleps, su , 11;1 1 CtllllpUIICII I,' may 
he d,(,,'kcd over /1 wide freqllcHcy !';mgt', 
T his feature is plll't il'U1:arly imporuul1 
(or compollcnls thut IIIUI;I he j·he,·kt,d 
;11 :1 freq uency lIe;\I' I ht' d('I'ireri opf'r­
atillg frec[ uf'II ',)" 

Circuit 

']'he eleN ron ie cin'u ill',r al ld I ht' (·"Ill­

pOllcnls IICl'eSSal'.\' tu rl'Ovidl' Ihe im­
!){:dalwc-<li fTcrcll("f! Il lId pha", '-angle-.lif­
fC .. ('I1('o in fo rm tl. 1 iOIl :11 I h (' l! e,.irCf! p re­
cisioll ill n sin glt', :;clf-eoili a ined twit 
h:I\'c p roduced scver:l l inl(!rl':<tillp: de­
"j'loprnent prob l l'rn~. 

t\ hlrwk d iagra m of t lit' ill,~t rulllenl 11"0 
shown ill Fi),!;III'{' ,}, All 11 111pl iIIlIJ C-"l l1 hil­
i7.f'd, H-(' o;lt"i ll ll lol ' providt'I' t Ilt' four 
lCSt. freqUl'lIf' il "~ ' Thf' u:~will u l fJI' i .~ 1'011-

])led to dte hrid ~e I hroH~h :1 spc('illi 
hridge l ranl<fol"nH'f, \\'hi(·h 1\1"0 pro\' idci; 
t ile induCli\'l'ly coupled u nil .... -ratio 
nrm~, T he "landaI'd and unk nown jlll­
pt'(lallf't'" form 1 he ulh.'1" I \\'0 Il rm~, 

'I' ll(' unhalHIWf' yolI:t~e from till' 
hrid~c i", a mplified , null Ihe push-pu ll 
outpul :dlell\l:\ led lI'ilh t\\'o sepal'ale 
ra ll~I' "wi, ..I,,::.; to p rol' itlc ind epend ent, 
mil).\'l~ilud l· lInd phast'-di ffCI'Cll(,C l'aIl,l!'P";. 
~1· pal'(1jl· p l l!l"('-'''''II .~i ti\'l' 111'11','1111''' :11'(' 
u~tI 1( , meal> UI'l' Iht, iu.phll:-(-, :tlld quad­
mlul'C vl)ltagc (·UmIlOI)("II I 1". The tWI/ 

ortho!!ollal compont'lIl~ an:' ft '( l 10 tlif­
{('I"('ulial a.mplili(,rg, \\hil·h dril'f' Ihe 

uull'"t 1Ilf'11'T':<. 

Fl,,,,e 3. 1I.lle lI,hl,e Clr."ll. 

1 

, 
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, 
The iustrumCIlt. i.s calibrntcd hy in­

jet-ling a I % unbalance voltngc and set­
liug the oscillator Ic\'cl to gi,'c the cor­
fed. rending. 

The Bridge Equotion5 

The bS\.:j;r' hl"idgc ('ircuit is "h01l'11 111 

Figu l'u :l. If t.he vol luges aeros!; I he 
windings are eqllal , t he complc..x un­
bIl13I1C(' \,oltage is 

r.:~ Zl - Z, 
gl~ Z, + Z~ 

The I'eftl part of thi!:! \'o!tugt' (/"JIII­
pOllen I in ph:1SC wiul E,~) is 

IZ,I - lz,1 
Iz,I+H 

CQ,y{Oj - Ot) - I 

Iz,1 + Iz,1 
2\Z~ 2\7.:1 + f 

If (It - Of is smail, Ih(' ahow' {'tltl:l­
tioll rt'du('-e8 to: 

Within the range nf till' itl/o!lt'lllllClll 

(o J - 02 '2 , I mdiall ), th i.~ approxilllll­
t.ioll ill cxtn'mcly good. produl'illJ,( :III 
errOl' of Ics'j lhall 0.25 '1; uf the lIl'lu81 
imp<.'£iau('('-diffl'rcncc r:\IlJ!C, whil'h iil 
in1'!il1;uilknnt. 011 nil mngcs. Fur eSlIm ple. 
ill 8 rnca..;urt..'tl difference of O.3c c, this 
error \\(Jl/ld :11110ll1l1 to 0.2,V·Q X fl.:l C, 
or 7,J pllrt .... per million, 

:-iiut,(, the diffcl'cllec i8 \I.~ \l ully de· 
si rctl till a pen'entage of t he lit alldal'll 
impcciflllf'c rat her than lUI a pcn':l!1I1 11ge 
of t hl! )0;1/111 of till! standard alld 11111.11011'11 
iml)C(ltUH'(7I, fUIOlhc l' lIpproxiollltioli IS 

I1CI'('ti.'~llr.r, If ZI - Z~ is small 

(E') 1 IZ, - z,1 
IU - --E,. 2 Iz 

Thc elTor due to thisltl.SL approxi lllu. 

"'IIIL . I.S6 

liolt is negligible I!xccpt on the IO~G 
range, where the tlc31e i')(!(;omcs non· 
lineal', ind.icating 9,5% insiead of 10c(I 
011 one side and 1O.i)~ 011 the other. 
This is not lUI error in mcrumrcmeni , 
but rather 11 non·lillclil'i ty of sC31e, T,} 
avoid !':omplielllcd metel' s('ales, the 
toJent tl ce (:1111 he modified, o r the If'fO 
shifled . whell JO e-I, l'ompollent ,,; at'(' tn 
be sorted lo better limn * 0.5~, 

The imllginur,v purL of the bridge ti lt· 
haiau,'c \'olta~(' (':111 Ilf' \\'ritlPtl :\ ... 

If the lIlugli itudc diffcl'clICC I:; Ie ... " 
than lO Co. :Uld the phnsc.angle dif· 
fel'clI('c is less than 0,1 rndintl (the 
ma,."\:imunl rnnj!4's). til!' aiJ(l\'c {,-":PI1'~ioll 
N'<hIl'P"; 10 

( "") I I //I I~'... - :! (0 , - I),) 

with :III 1'1'1'01' of 11'i'S t hn II O.2.j J)(>rl'l' 1l1 , 
~ole ngaill that this error is a 1)C1'('t,:lll 
of lhe indiml('(1 difT<'I'l'!l l'C (llId, t het'('­
fut'l' , l'ornpINI'ly lIegligible. 

The Bridge Transformer 

In the aho\'e l'lIkulntions OIl Ih\~ 

bridge voh:lgc. il was :lS8l1lllcd thai the 
voltage<t ar-ros.'1 1 be two windillbrz:; of the 
lmn~rOl't1lcr wert' equal. .\ difference in 
these volt:lgc~ would "l1l1liC a I'orrc­
spomliug difTeI'CII/'e nll till' metet' in (li­
{'nlion, :'\01 ollly JllII ~ t the Lwo \'oltngc" 
bc pqual. bUl the souI'('c impt.-'dJlrl (.'cs of 
the windings mu~t. he rlmtl'ilCd . or Jill cr· 
ror will result when the lo\\··iml>ed:UII't' 
,'omponcnts are me:l$ured . II. is also 
desirable to htlve Ihe t.wo windings 
lightly coupled, so I hill slnl,v iml}C(l:ulf'{' 
~hllnling one wi tldillK will not \':111$(> :l 

\'ollllgc 1I11hnl:Ult'(', 
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GE NEIiAl IIADIO EXPEIIIME N TER • 

Fill"".' 1I,ldl._T .... " fo ..... ' Conll.".,;o". 

Figure ,I I'; ll, skelth or thi::! lral1~ 
rl)t'nll'r, 1:!howiug its c(lIls~ ruction. It. 
LI'- It toroldul !ltrllctUl"C, with u high­
pt'rmr.ability, wound-ribbon core. Tho 
ill>iidl' winding il'l the primary, which i!l 
~l Illodifit'fl hllukl'd winding, ('omplctely 
aud "yrnrnl'\ril'ldly r>overlllg the' el)f'(!. 
I)"l'!" Ihi:! lire l\\'O l'opper ('III)-shapcd 
!-o.111e1d~ 111 1"'1'\'1'111 Il!lwuutcd cletll""­
t'IUlil' ('ouplill~ to liltll;l..'Condary. 

Th., seeondllry wilidinb"S UN' made by 
lI\'i~lin~ logclll('r two idcntieal I\'il'l..~.~ 
atH] \\"iudino; t II{' PUi l', Thi$ is t\ pl':l.C'liml 
llllpmxi matioH II) the ideal ;,:ilualioll 
II'ht'l"t' the wi~ or the two \\·indill,lr"; 
1I'1Iuld occupy the aame voluml' so tlml 
t hl' flux linkngf' would be c<luaL profillc' 
ill.t:: unity {'our ling and cqwtl I)mput 
,'oit(\j.!c,-;, 

This ('olll'llrtl('tion work,; l''l:lrelll(·h 
\1'('11. The opcn-I'ircuit \'oltug(>l-! Arc bal-
11l11't~1 to within I p:lrl in 10', the impc-­
([1I11I"C difference (at 1 kc) is IcH.'; thau 
50 microllllHl, flIId til(> cocflicicnt of 
,'oupling il-- ~1"('1l1(.·r thnu 0.!}9!)7, Thc~(' 
quulliitil':i Ilppronch the I(lcal!<O cI~el.v 
thol O. I #f plat-cd across one \\-inding al 
I k(, will CllliliC nn impooIHII'C-difTcr'(!llcc 
I'rrllt of .()()()2 ""o twd n phnsc-angle enOl" 

nr .00005 tadinn. At 100 kt', with 1000 
~.uf ... hulltin),!; (lilt' winding, rorresponti­
illl-: j'rr(H'''' !Irf' 0.112""" fwd f"MlOO:! 

With rC::'ISl;\'c ratio Iil'ms, :l resi,..... 
tUIH'l' Vfl lue M low as 0, 1 ohm would bc 
tl iXtSS1U'Y to oblniu nil equal degn.'C of 
Immunity from s hu nt cft IJ!l('i ta!w(' (,f· 
fcrll-<, 

The Guard Circuit 

Thc output I'ollage from the l,rid~(' iii 
fl-u to a high-input-i mpedancc t:ntIHHh,. 
follower-tYlK' circuit, which also pro­
\'ii.lcs a low-impedance guurd \'ollage 
i~olnted from t he signal. This guard ci r­
cuil makes pOI;sihlc me!Wurements of 
lurge imlX.'<iUIICI!S IOt'lIled at some dis­
lall('e from the instmmcul il.'!CU, as for 
cxumplc. a ('omponcnt in 1111 envirOIl­
mCHtal lest c1uunber. 

~in('e cnpneilalLce from Ollt' ,. ide of 
tlie trllnsformcr to grollud has so little 
effl'(.'t, t ht:' letHI from t his terminal to 
the unknown l'(lt1 be l:ihieldcd without 
inlroouciug errot', /l owever, capl1ei­
tnltt'C to gruHlld of I he othel" teud, whi('h 
i" {'olltlCl'bcCl to the amplifier inpul , pro­
duces 9.t ICllunt iotl and phase shift of Ille 
~ il!:llal voltage if the mCtls ured 1'01ll­
POlll'llt iii of high impeda/1ce. This 
{'lI)a{'il:UlC'C iii espccially lnrge if the 
('00 i.:; .:;llif,ld(!(1 to prevcnt Ul lW!lllled 
IJic:kup, I n order ltt rc<h l('c this effc('l, 
a glUml vohage is brought. ouL, whil'h 
I'M he U8ool0 dri\'c the a mplifier in put 
'Ihield Sin('c t he guard voltflKc i8 [ll)­
proximately 0 ,![7 of I he :unplificr in­
put, the enpaf.'itance to lh(' shield is cf­
rel'lively rcdul.-eU by a f:wtor of 30, 

The Pha se-Se nsit ive Detector 

The circuit of l he pIUl8C-SClIllitil'(, de­
teclor used to separatc t he in-phase alld 
quadrature f'o mponCllts of thc unhnl­
nllce voltage WilS ('ho....'Cli for iLl! pre{'isi",. 
!lnd stnbility. 

The outp1lt of lhc ... iguul nlll pli fit' r 
(E .) is addl'{il0 alld Illlhlnwied fnHn til(' 
refcrclU'e \'oltuA"t,,, ( E ,) whith ar ... rlf,­
ri,'cr! ffl!1Il t ill"' hrid!!(' ynltlLj.!I' 
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, 
One refercllc>(! is in phrure with the 

Iwidgc \'oltagc: the uthCl' is aL Ilincty 
tlc.I!;Tl'Cs. 

If the refcrcutc "olttlgo is mlll'h 
Inrgcr thaI! the sign tll "ollfl}(c ( Figure 
5), 1 he difTcrellrc in magnitude bctw(.'(:11 
lhe I'e,mlt i Ill; s um llnd diffm'('Iwc iM Cqull! 
to Iwicl' that l'omponent Ilr the -'!!igll:ll 
whiC'h is in phruse with the rcfCI1!llec. 

The cOlidilil)1l 1 h:ll the rCrcrml('C UC 
11111('" lrtrgcr ,hall the Sigilli 1 is crusil," 
mel \\'hOll 1 he I wo meters nrc set to 
t'orl'csl>onding !'nllJ.,'CS, in \\'hit'h case 
the signal i ~ ahout one onc--IHlUdredlh 
or the refe-renee. IlowOI'cr. jf one Illeter 
ii! indi('alinp; full sculc on the lor-:~ (01' 
I radiun) lI('ull'. :tIld the other Oil lhe 

0.:. % (.OO:{ nidi:lII) seale, it is possible 
to illerca;.;c thi.:! voltage mlio to H, 
cllul"ing lhe I'('adill~~ on the more sensi­
Ii\'(' $,:\10 to he low by .1 %. This pro­
threes 1\ maximum errol' of 5% X 0.370 
"'" 0.0 15%. 

Ranges 

l;oour independent mngC$ nrc pro­
vided for the imp<,'dance-differcllcc and 
phn>lO-3uglc-diffcrcfI('C mC!N'S. The illl­
peflnlH'C-dijfcl'ClH'C rlul",'"CiJ arc 1070. 3%. 
! % timl O.3 ~o, nud the phll.'j(, .... nnglt. .... 
dilTc rCIlI'e rang(.~ Ufe 0.1 , 0.03, 0.01 
l\nd OJ}Q3 mdinn fnll senle. On the most 
Ei(!n;;; t;\,c r:l.llg('.s, Olle sCllle divi;;;ion rep ... 
1'('I,f'HlS O.OJ tlU or .0001 Nu /inn, The 
rllIl)!;C;o ('un he in('rcn.sed 1/1 20 or ~O 
pcn'Clit by calibra1ing lit h:llf sctl.le, 

....... or on tI. lower )i('ale, \\'hi{'h rcd tu·cs the 
bridge \'olt agftl. I f the D or Q of the 
Bttlndard is Ie.: than 0.1 , the phase-

angle diffcr'cnce in mrlinllS is ,-cry 
Dcarly cqual numericlllly to the 0 01' Q 
dilTerelH'e. 

The range of impedllTH'Ci:I t ha t the 
insl nlnlellt \ViII ('ornparc is limiled by 
Jll':wt.ielll eOIl"idNft1ions n1 both ends. 
j,,(H' rcuf'ti\'c ('ornponcnt~, the wide fre­
qUClley range llHlkcs it possihln 10 cx­
tcnd the rUllge of illdu{'ltUl('(' 0 1' c1\ I):1ci­
UUlf'C \\' lI i('h ('1111 be mCllSurcd. 

Thc low.jmpcdilllf'C limit is deter· 
mined b)' tir e. diflil'ult,v in milking 1011'­
resistance (.'ouneetions to t he cornpflm· 
tor and by the power flvailnhlc from the 
hridl(c QS('illntor. The nominal limit is 2 
ohms. so that the smnlle:;t unbahnce 
tlmt can he d£'tCl'mincd i.'J 200 ~ohms, 
This two.ohm limi t, ellll he decreu.s<.-d 
somewhM hy rcdueing the O${'illator 
VOItllJ..,"e. but the sensitivity is also ro­
du('C(1. 

The tlppcr imlx.'dlln ce limi t for this 
type of instl'lllllcnt depcuds upon tho 
input impcdnnec of the detel'tOl' cir(·uit. 

Thi.s dcpcnderu'c ('nu he ReCti from the 
equivlllclit cirellit "hown in Figure G, 

The amplificl' iuput impedllll('C flt­

tenuates the bridge unbalance vollage 
IW t hat t he nctual dctectur voltage is 

where e~ is the correct 01' u nattclluatC(1 
output sigrm!. 

To m.inilnIze tlus effect, Zi_ 8hould be 
large as possible, The input irnpedall{,'c 
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GENERAL RADIO E XP ERIMENTER • 
ill approximately -I jJpf in parallel with 
200 megohms. Thererore. the indil'tl lCd 
diffe~nce will hc low by 10% whell 
2O-/J/Jf rapn('itul'i! arc compnred . 

The input resisttlTw(' will ("U '~ n 
ph:lHO-Ruj!;lc errol'. Thi.~ C""OI', however, 
is f l'CqUCII('Y dependent :Ul rl I'an h(, mllde 
s mall if I he menSUl'cment is mad. ' at 
high fl'CfltlCIU'ics. 

\\,hell 1't'Si,'j:tol"lS a l"e mensmcd. t he in­
dieilled differenco. will he low hy lOC o 
\\'ho.lI the vn ltle of the standard and UIl­
known components reachClo ",0 meg­
ohms. The phtlM!-ungle erro l" due to 
input .·uplH'itflll(,C ('till hc minimized hy 
mcasurement aL low frCljtLCILI'IC!l. 

AIIOlh{'I' limitation when high im­
PL'dtllH"CS IIrc measured is hum pi('kIlP, 
whi('h l'UIl o verlond thc :ullplif"i!:1" if thc 
impodnn('(!S are high ut power-line frl'­

(IUClwies. This diffieu lty ('UIl usua lly 
be O\'c rcomc by proper g rounding and 
shielding. 

ErrDrs 

The crrors produ('ed by the approxi­
mali OIL mnde in eval uat.ing the renl und 
imnginary parts of t he hridge voltage 
"'NC shown to he completely negl igihle 
",hell t ill' bridge was used wi l hill its 
mngc.. ... T he 01111' difficulty here i>! the 
s('ulc lIolI-lillcarity whell the impcd­
alwe ciiileroul'e II.pproochc..'1 JO r:Q• T his 
is 1I0t renIJ,V ~U l error, hut !"iIlher :l 
kllown t'alihmtioll ('Iw.ng-e, II'hif'h ('IUI 
ilc I'orl'l:<·t L'll. 

The e n Ol' il l separating the \'lI lta).!;"!: 
compollt.'nh! i.s IIcgligihle, ex('cpt for thll 
8nml l CI'rOI' produ ced \\'hell the nWJl~ 

III"Clllcnt is madC' 011 Ihc most ;,cnt:i l ive 
rungc 011 olle meler with the ot her me­
Ier illdil'lltill.'!; nearly fu ll seale on its 
II'&;I senl'itin' rtlll).!;"C, 

Till ' po.-;.~ihilit,V of a :iO-to- l diill'r­
encc ill hili-scale sensitivity results in 
8Cvcl1Il r('slri{'tion:; on l he O::ll' ill ator fin d 
phM~hift lLe Lworkg, Ir the iml:x.xill lll'l' 

magnitude ulliJallUH"l' is very large, a 
small departul'C of the rcfcreucc-voltugc 
phn.se angle from 00" will (·/UiBe. some of 
thc lurge in-phltSe V(lIt!\~'"C to prodtll"e u 
small illdicntion Oil t lU' phll:;e-diffNellce 
meter when it is tiCl tu il l:! mCJ1~t .':Iell.':li ti vL' 
raug(>. This ('.lTor is proportiollal to thl' 
i llll>cdnllf'c difTel"(llU'('. If Aizi is IO('{;. r, 
0 , I tJ'f) "IHl.lJge ill frcqm.'lu:y. or ill the cle­
Il1ClLtS of 1 he ph~hift Ilet wOl'k, will 
proouc'C 1m f'rror of .0001 mdiatl . 

OS('illntor harmonic'" will a l:'lo CftUfIC 
till error since they are 1I0t ~hifted 00" 
in t he phase-shif ' nN,work . 

These errors ~hould b_, Ie .... " I hun 11 

few di\'isiolls when Aizi is !O cd und 
t herefore oilly impor'lllilL whell very 
small phll-tle-allgle diffcl"('IlC"es nrc to be 
lllCM tll"CtI wil h II. Inrj.(e im pedanl"e tl if­
fCrcll tC. 

By far the 1!1r~o.SI error is !'SllSNI by 
the OIlI!-I>Cl'('eJ1t mcter. Thl" ('tU I pro­
clLlte :1 me:",urcmcnt error of 2 (-<Q of full 
s('ltlc sin('(! a zero ('cnter :;wfl le is used. 
T hus. the over-nil :U'('urnQ' of dif­
f{'I'C'Il("C indil'":l.1 iOlls i" abou t 3""0' Thi;; is 
OIlC metcl' di vi~ion 01' 0 ,01 % on the 

0.3 % range. I f Ci tJH;" f11l'tpc" is uscd all 
t he 10% mngc, l heCl'l"OI'bI'lUl he sligh t ly 
larger. 

Applications 

T he vcrsalilit y of th is hridge l'an be 
imiil"t!.led hy a hrief sumllltlr,V of the 
1l-SC8 to whi(,1t t he Nlrly models ha ve al­
re:ldy ht..'C1l a pplied. Among these :U'c: 

I. i\ lcailur1l1g t he drift of depo!;j tcti­
ra .. h/)II l'csist nl'lS, T he ,'ht\lIbrcS to hI' 
mC:L!!ured Wl're \'cry amaH , :ltId repcalcd 
meas urement..:. \\'Crt' fIlllde on t hOUi~Ullds 

of unit s, Wit hUlil lilt, lIl'i'unwy :\l1d I he 
.':I I)(!C(I nf mea,~L1rcm!:nt offered by the 
IHlI}(..od[lIlI 't' ('ompfLr:ilOr, these sllIdies 
would have IIL'C IL FO timc consuming :\8 

\I) he impl·fil'tif':l1. 
2. I nSI)C('ti('1l uf l-o jl vcrcd- tllielt s heets 

fot" uSC in stlllLdard ca.paeiton;, Sheets 

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



, 
with cx{'cssi,'c los."Cs arc rapidly identi ­
fied :lIId rcjeeted. 

:I . :'. l cusuri ng t.he pha.."C shift in vari­
OtiS t ypL'S of wirc-wouml reSi'il UI"8. 'I (:1'0, 

lhl' problem Willl to select. rc",istors. for 
Illld io-fr'cfluclWY voltage dividel'i'! 111 
II'hjC'h phlL~e shift eould HOl be toler­
ated. 

\. ;\ Icnsurcmcnl of the C'ocJlldcllI s 
of tempera ture and humidity of com­
ponents ill fll1 CIl\'ironmcn tnl test t ham­
hN. In this 3ppliration the guard ter­
minal i,s used. und , sim'c t he mett'r wJlIr­
ng(::o; Elrc brought out to term innis. fI. 

I!:raphie recorder i8 ol}Crfll(.'(1 t o yield fI. 

pcnnallcnt rOt-orc! of the le'li. data. 

5. I nlSpcet ioll und adjU8.1mCnL of 
ganged enpzu'ilors and pOT entiometers 
fOl' dc!'ircd l olol'/\II('e ill ll"n t'kinl( . 

fl . Adju:it.ing indurlor.< to prec-ise tol­
eranl'CII hy adding or rcmovillg turn-5. 

""In , 1956 

7. Comparing Sft mplcs of d ielectric 
matcrials. 

8. In.':i,JCNioli of halanced trans­
formcr wind ings. 

D. Automatic sorting - two unil..8 
!H'C nlrcady sdH .. '{IBlcd fOI' lltie ill Iluto­
mflt il' aOt·tCt~. The nhility to mca;<ure 
hoth magn it udc and phnoo differcnres 
makcs 1>0000ibl(' I he tlutomlltic inspec­
tion of ('omplex network:! .. \ n exam ple 
of HUB i,. til(' testing of ot('hoo. ci rcuits 
by mCllimremClI1 a t.. test.. points. 

The prC(' i ~ion and ,,;pt.'Cd of t his 
comparntOr bri ng labor:l.lory 3('('ur:l('Y 
to product iotl-liIH.' testing; cOII\'ersely, 
il brillb'i! pmdw·liuIHc.st.. speed to lab­
orMory IllCMII1"CIllCl!td. Its 1I11US UlI I 
('ombiuation of fcalmes nmkc it. a truly 
uni versal ill"tru ml.'nt. equa.lly uscful in 
both fie lds of upplil·lllioll . 

- M "'LCO I ,~ I C. II OLTJE 

- 1I ~~N lI\' P . H A LL 

SPECI FIC ATIONS 

Imp. d .. nu I .. ng" , 
f(e~i~/lml't or impMl1nc6 '/UJII'tillld~: 2 n to 

2U :\[D. 
('{I{I(J('i/,l1OU: .J tl""f to .''IOCI,,!; t<l 0.1 ""F lI·hh 

rt'(jul·", 1 ~tI~itivity. 
l"durIOllrt: 10 ... 11 to 10.000 h. 

IntCl.nal O .. m"Ia. f,equen~iu, 100 c, I kt, 10 
kc, und 100 ke ; all ,.. 3r... 

Mete .. Rana .. : 
ImPf'II'nH" .1f"l1nilwl~ Diff~r('flCl': ... 0.3'1;, 

_ I ("c .... :1'"'( ... 10% fuU llt'll lc. 
I'hl'v . I rlglr /)ijfut11u.· ,. 0.000, .. 0.01. 

.. O.t.~Ja , ... 0. 1 n.Ji llll full8C..'lI('. 

"~~u<a~y al DiUCI, encCl ReadIng", 3" ~ of full 
II(·Illl'. 

Vallag Cl "uan Standa.d and Unknawn , 1IIlIIro.\:. 
0.15 \'olt. 

Typ' 

Tub. CamplClm Cl nt , 

1..{,6,'jI 5·12AT7 
1·!)7fll 3..(l l"S 
3·12AX7 I-6A~iG 
'I-6AI.5 I":IA 10 

I ·V I·;'G.'i,,1 

'OW Cl ' Supply: 105 to 125 (or 210 It) 250) VOIL_, 
50 tu 60 l'yele!!; 1110 wutu input a.t 115 \' 
line. 

Maunling, Rchly.l"twk 111111.'1 II it" Nlbinel; Tl'r~ 
H.iOb·AH hilS httil1J.t~ 10 p""llit {-it her ill~tru· 
men\ or cllbinet to he ",moved from rack with· 
out. di,turbinlo: I he "Iher : Tnt: H;().>.A:-.t has 
"lid $u ppor tll for IlIhl(> or Iw-rwh UK'. 

DlmClulau, Prln",IIO x S,. ;" r hr8; deptL l>ehlnd 
pand , 12 indle~. 

N. t Weight: 21H ~ Ih@. 

rodt 11'0I'd Pria 

1605 . ,,1 
16OS . "'" 

ImpCld .. n~. Campa ... ,a. ('Cll a y.,o~k mauntlng) ... 
' ... p. dan.CI Campo.a,a. (bClnch mauntlna) •.•••• 

Ol"''1r 
OIl'lSr 

$790.00 
790.00 

U, S. i'Bt-.,nt No. 2,M8.-157. 

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



GENERAL RADIO EXPERIMENTER 8 

NEW COAXIAL ELEMENTS 

ATTENUATORS , FilTERS , LINE STRETCHERS , 

DETECTORS, ADAPTORS 

T hc continuing dcvelopmcnt. pro­
b'l'am f{)r improving and expanding t.hc 
lille of T\"J'~, 87-1 Co..'txinl F:1cmclll :; has 
rcsultt'{l ill t.hc addition of sevcral new 
compOIlCllt~, A new series of fixed at.· 
tenuntol"S having vCl'y low VS\\,H (wd 
hip:h st.ahility IH.lI'c bccll developed, 
along with l\\'o new low.pru;s fillers, t\\'o 
different Iypes of rOnslallt-i mpedance 
adjustahlp-iell.l!tb lille. adapt.ors from 
TYPE S74 Conncctors to T Yl'e LC 
Connectors, and a. new crystal detector, 

FIXED ATTENUATORS 

A fixed :11 tcnufitor is oflell used 1,0 
rcdut't' the \'SWH of a gencrator, de­
fC(tor, or ot.lwr clement ; t.o rcdlJl'c thc 
~ign[\l lcvel by fl- kIlO\HI amount: or to 

provide ii:!oh.l1ioll betwcen t.wo mU'!s uf 
a cir(,lIit.. The rcquirements for Lhesc 
appiic'lltions IIrc vcry ,.;s! isfa('tori Iy met. 
by the Hew Tn'~; 871-r: Fi xcd , \LtClltlll­

tor;.; (Figure t), which Me iJ,vailahle in 
3-, G-, 10·, Illid 20-db sizes Illid h:wc [\. 
high power-hnlldlillg capacity, a low 
rSWR up to 4000 1\ lc, nlld small size, 

The nttellunting: element i.s n resistive 
T-pad made up of dcposi1lxi-eltrhon 
I'esist:wce elemcnts on a ceramic Im.se. 
The l'c,.;istor 3ss('mbly is a single illtcgrnl 
unit. T he lLi'iC of ucposited-carbon re­
sistance elemcnt:; givcs the pads high 

Figu", 2. Cross-s .. UO" of fi" . d AII. nuolo •• 

stabilit.y and nccum!'y, All resistances 
nrc held \\' ithin ± 1%. 

The T elemctlts a.re mounted as 
shown in Ifigure 2, with the series cle­
ments eO!lllct't cd to the c('nter conduc­
tor's of the input 3nd output lilies by 
menns of spring: (' hu rks, lind tile shunt 
clemcnt eOIll!CI'ted to the outCl' ,~heJl of 
the line by mcans of II ('oil spring, which 
iil pres:;cd into It groove in the outer 
conductor, The out el' edge of the disk 
all the T clemcnt slides into Ule ring 
formed by 1 he sprinl!;, compJ'cs.-:ing the 
spring mdially and cllll:3ing each coil 
of t he sprilJg to makf' a good cOlJllcet ion 
hetwooll the wall." of Lhe groove ~lnd the 
outer ri m of the disk, In this mllIlJlCr, 
nn execllcnt. low-indu('tallce connct't..iun 
is proti u('cd, The relt('t:u\('cs of I he elc· 
mCHts ill t he tee nrc controlled by slmp­
ing th(' outcr ('untludor in the vi!'init.y 
of t.he re,,;isti\'c elements, 

Thcse pads arc equipped with Tn'~: 

874 Coaxial Connc('t()r~ at each end. All 
cxteuillve series of adaptor;.; is avail­
flblc, which mnke,.; possible \'Cl'y low­
refleclirlJl conneetiOIlS t.o mOl!t of the 
commonly used type::; of coaxial fit­
lings. 1 
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• 
VSWR 

These pads han' ('-xecllcnL \ 'SWR 
(·haracleristics. The \'S WH of a t..ypicul 
unit from dt:' to 1000 :'l Ie is shown in 
Figure 3. Fol' a W-db ptld , t he VSWR 
is IIl'tow Ll up to 1000 i\'i c and below 
I .~O up to 4000 :\k. T he VSW I~ tends 
t" be slightly hi/l:hcl" in the IOWN at ­
!f'lIwttion unit6. 

AHenuQlion 

The magnitude of the attclHl1I tiolJ 
,"aries only sl ightly with fmqllcney and 
\"ery slightly be l m~('n units. AI de the 
1 '0 toleran('o on t he resist nnee clements 
('all cause a lTIil...""inmm (:ITO!' of 0. 17 
db ill the 20-db pnel. This muximum Cl'· 

I'M decreases with t he attenuati on of 
the pad. T he nuia\ iOll in allelluation 
with frequency Ilf n. typical unit is 
plotted in Figure 3. 

Power-Hand ling Capacity 

The continuous power I'uting f)f I 
watt cw is M!equat c ror mos!. appliea­
II'lII8. In pulse appli ('tltio!l~, t he dcpos­
ilcd-carbon elemCnl1! will easily stand a 
pulse having a. peuk power of 3 kll" as 
long as the aVCnl.l!e power docs not ex­
('eNI I watt. 

Constont-Impedance 
Adju stable-Length lines 

T wo new adjustablc-lellgth lilieS hft\,c. 
!'('en developed. One, the T\' I'.E S74-LT. 
('nnsists of t.wo TypE 87+- LK20· Con­
"1nnt- Impedance }\djust:tble Lines pCl'­
lI1[].nently connected to a L"-hlork to 
l'nrm a. "trom bone" as showll in Figure 
! The advantage of this arrangement is 
lhat the length of line CUll he varied 
Il iLhout moving eit.her the illput 01' ou t­
)lut con nections. In many applications, 
It considerable amount of beuch space 
I'nn be saved if t Ilc tl"Omhnne is mounted 
n'rt irally on !l Tn'}'; 87·I-Z St[\lId. T wo 

A P RIL , I' S 6 ~ 
~ "E: • r l , !7··GS 
Z - 4·G& • • 0 6U·G(l 

g '" a'.·ij20 

~~ ., , 
" " z .. 
~ 

vs"' ~ ., ----l < 

" ~ 0 - - ~o lO'OO 
_ 00 
'000 

MEGACYCLES 

Fig",. 3 . VSWR a.,d Va.lalian In AU • .,uol;O., w llh 
F' . qu . "cy far Ty pe 1 7 4_G Fi ... d A" • ., ,,a la .s. 

Figure 4 . Ty pe 174·lT Tra",ba., . Ca., s lanl . lm _ 
p.da.,~. AdiuOlabl. lin •• 

TyPE Sj·I-EL Ells can be cOlillected to 
the ends of the line to ma ke t he input. 
(lnd outpu t connectors face hack-to­
back on t he M mo line. 

The minimum variation in line lcngth 
is 44 em 01' onc-half wavelength at 340 
i\1c. The \ 'S Wn. of It typi t'ul unit is 
showli ill Figure 5. This [jIlC stretcher is 
p ril1l:lrily designed for use helow 2000 
~fr. hut ean he (lsl.'(l lip to.5000 Me. 

Threaded holes 1m: pro,·ided fo r at.­
taciling the ulljL to It lend-screw 01' mck­
and-pinion drive if desired. 

T hc sceond lIew adj ustable line is 
the TYV Iil 874- LKIO Constan t- Imped­
fUlce Adjustable I,illc, which is a shorter 
versioll of t,he '1' \" 1'}: 874- 1.1\20* Line. 
T he new line is pl"imarily designed for 
use abovc Iii){) Me since its length call 
be va ried over a half wavelength at this 
llnd higher frequencies. Tbcl'c is, how­
ever. no low-frequency limitation on its 
use, Its smull size makes it moro con­
venient to lise al 1 he highet· fI'P(lllen t'it::". 
The \ 'SWH of l\ t."plea! unit I .~ ,;lwwll ill 
Figu]'(' r,. 
• Former\)', Ty. " !i74·LK. 

0 
B 

~ • 
" < u 

" > • 
" 0 

" • • > 
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GENERAL RADIO E X ,ERIM ENTER 10 

n CRYSTAL VOLTMETER DETECTOR 

i I, , . 
I' \. . ~ , , , , 
I 

i-i f] v 

J ~ 1 1 -
Flgu,. 5 . ... SWR 01 Typ .. '74·LJ o ne! '74_LK10 

Adi uII .. b!. Un .. . 

LOW·PASS FILTERS 

'1'11'1) 11('\\ · low-pass filters hu\'c uccn 
ad ded to t he line, fOl" mell.Surement up­
pliClitions in t he frequCtH':Y m nge aho\"(~ 

1000 ).k T heEl!! uni ts, the T n'E 874-
1<'2000 a nd - 10'4000 Low- Pa.s.-; Filters, ,·ut. 
off ILt 2COO ). Ie- ami 4000 ), 1(" rc.-;pce-
li vely aud nrc ~imil(1t· to t he TH E 874~ 

1'185, -F500 Hnd ~ F IOOO Low-PH!':S Fi l~ 

lets all·cad." ava ilable, All illest' fi lt erS 
:11"1.' de"i~Hl'(/ Otl 11 T "ythehyt:t'heff blllSi", 
in order I!J oblain the muximlltn l"lll c of 
,·uloff :1I1f1 minimum spu rious l'es pOHSCS 

ill l he pu,.,.:bund. The dcsil::l1 :111,,\\·8 a 
tn lL'\i lll tim f) f I dh of itl:>l.' rtioll Jo,-"-~ ill t he 
passballd . 

I II tlll'aHII·('llU'llts of high SUi lld illg­

wa\'e I"llti!)I-J or r,f IarpJ' \'a lll{,s oi IIIS{'I"­
l ioll lo"s. tlil' U::;(' of n lo\\·-pn.~" fil1{'1" to 
c limimll (' blll·monies is tI ~ lIally IIN·es­
sal,)'. The Tn'}; 870.\-1' ,,('rics of fil ters is 
wcll slIitpd 10 tilf'SC menSUl'etll(>nt s. 
Figllre H 8hows a typi(·al r,·cquC'lIc." 
I' ha 1':1I't e riflt Ie·. 

figu , . 6 Typicol F, equ.",y Ct.o,o" .,I"I., Type 
'14_F low-'"" Filler. 

In m!Uly measuremen ts, a 1\'1,11· 
rn ~11 {'hed detector i8 Il(.'(.'{/ed , o r a voll aJ,:t' 
:11 :;omc poin t along 11 5O·ohm Jille n11l :>1 
be mellSurcd or monitored withou t ill· 
Iroo\lcing it large d iscontinuity in the 
li ne. The T yr }; 874- \ ·Q Vol t meter De· 
tector wi ll perform either of t.hese fU1I(·· 
l iollS. As shown in Figu rcl:I 7 slid 8, ii. i.s 
.si milar to t.he T n '}: 874·\' 1{ \ 'oltmClcr 
Hectifier, excep t. t hat. il doc:; not CQII­
Illin a series 5O·o hm rcsi8tol' , and it dOt ~s 

"otlt al ll ('ompens!lli ngelemc nts to m illi­
mize t he discont in uity prodllct'<l by Ih(' 
s hu nt reuct ullce of the cl·ystul d iodt'. 
As showl1 in F igm c n, t his unit pro­
dlU·f'1! :1 \·ery low \'F; \\" H in a nU11,·h\'t1 
,-I.I-ohm line a t frl'qul'lH"ies ti p to :WOO 

F lg~.e 1 . Type '74_V R "'ollmel .. Rectllie. (similar 
1o Typ. 874· ... 0 ... ollm".' 0 .1. <10' ). tC 

• 

.-....... UN<_ 

... ..,. 

Flg u , . 8. C,au.S • • ,lan a l Typ •• 74· ... Q "'aU_ 
m. le,Oe, •• ,o •• 
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• - -
fig",. 9 . VSW. 0 .. " ".""0".'1' It .. po ..... , 

Typ. 17" .VQ V.lt .... ' •• D., •• I •• . 

:\1('. The til'lectOl' CIlIl thcreff) l'l' he 
itl~Ntc,1 in It 50-ohm lillc without de­
:;lrorilll{ the mati-h. Alxnoc 2000 Me, 
"C/SUIIUIWCS ill 1 hI'! ery!Swl '-llIlSC t he 
"::';WH tn ri ... e rather rnpidly. 10'01' mlt­
ag(' nWiIilttn'Jll('Jll, the T YI'1-: 87-1 -\" 
, . olt rnctl'r I IHlil'utur i:> W;C(!. Al l 01'(1 ;"11 1')' 

d-I' \'oltmClcr' (';\11 III' uS('d for monitor­
iuv; pO\\"{~r. 

Th ili dN('dol' 1'1111 III ... " Iw mwd 10 
l'('t'Q\'('r t hl' modul:ltic)I1 fmlll 1 h(' "-f ~ig-

,-. nnt: till' IlHKhdnlion appears 11.·1'<) ..... " t he 
uulput "OUllt'j'lnl'. Tit!' Ilut put "-f bYl'llSS 
('lIpu('ilor i!f :1OO /lIAr : lWei. till'rcfon.' . for 
mucillhuij)lI .... iglllll:s lhnt IUI-hui!' h;~h­

fl~'qllCII"Y j·oln l>OlIl'nl ... a ,.;uitnbll' load 
"j'::,it;,OI' 1I1u>.1 bl' j-OUll('t'l(,d fler,,,,,,, tlu,' 
oUI pill Wht'tl IIII(' (' lid of 1 ht' ,'o:L'<illl 
lim' il< 1(,l"lllillllt(..~ 1 ill :~ T n'E 871- W :'\1 
'l'crmil1:lliol1 " l1il, till' m.;.-;cmhl)' ('fllli)(> 
IIl<l'tl ax It wcll-mult'ht'tl d('\t'('I(JJ', 

()IIC important aPI)lit'alioll is in con­
jUlu'lion wi lh t l1l' T n'E Si-l- \'B \'olt-
111('11'1' HC'I'liliel'. tl1(''I'nt; l :2fi.l-.\ Hcgll-

Flq u •• 10, T.,.p .. 114,OLJ .nd It4,OLI" Adopt ... , 

APRIl. 1956 

hlting Powcr Supply, and l he '1'\' .... : 
17.j()..A Swccp Drive2 for mca:surcmcllt.., 
of the tr.msmission ('ha rsl'lcristi('S of 
vt\l'iol1l; clements ami networks. The 
,'o]tmctcr l'Celilier is u8C(1 III th(' in pllt 
to the ullkllOWIi to kcep the input volt­
ugc (·ollstant. und the voltmeter dell."(·­
lor, termjllfllC(1 ill n T Yr); 87 .... "':'\1 Ter­
mination Uuit, is used at the output to 
measure t he outpu t sip; lI l\l . A TYI'~: 

I N2.3B H !{e\,cl'St'(I-Polarity ('rY8tBI Di­
ode is su pplied iu ord er to IIT'C5Cllt Ii 

right.-side-up respollS(' emvc 011 tht' 

faC'c of lUI o.o;tillooenpf'. 

ADAPTORS TO TYPE lC CONNECTORS 

Wit.h th(' in('rt'ascd IIdi"i!.\' ill t he 
lise of large-sized toaxiul I'able ill hil;h­
pOII'C'r applir'aliouli, ! hert· IHI,ll bl,t'li all 
im'reaMing dcmalld for adaptnr:; 10 
T YI' .: 874 COIIIICf-t(l~ 1o flll'ilillllt> 
m('(l.SUrl'mctlt s 011 l'in' lI it s lilted wilh 
Tn'E U; ('OllllCI·tOrs, The Tn'.: ~i 1-
QLJ Ad:tptol' malcH wilh low-\'oltult;t' 
TYI'~: U: plug-Iype- l·Olltlcdo ..... ff,r 
'1', I'''; IHil71 L' {'ahl('. f' illli]ar to '1\ I't.: 

l'GI."),\ / l ' ; and thl' '1'\'1'.: 874 QJ.I' 
,\dllplor mates wil h low- voitag(' ja.ek­
type ('Ollnedors, l-! imilar io '1'\'1'.: 
L'C:352'\ 1 LT. 
' See 6 ......,.1 RaJi. B~ ... """" otI .. rur AVI,I, 1\1:':', 

Fllur. 11. VSWR a"t1 Oial.a",.' T.,. .... It4 , QU 
."d It.,Oll' AtI.pla .. . 
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GE NER ... l R ... OIO EXrlRIMINTER " 
SPECIFICATIONS 

TYPES 17._G3. G6. GIO, G20 FIXED 
... nENU ... TOItS 

I ... ~d .. n .. ' 00 olUIl!! '*' I "1s. 
VSWR : 1..1""'" thrul J.I to 1000 !l.1r , I.~ to 10(10 
\ fr fur 874-G20. 1,:'1;, 10 4000 ,,~ lor :111 olb,'" 
UU('lIlH,tOf'i!. 
M ... <I ... u ... C .. nlfnu"u l r .. w .. Inpu l , I WAil . 
M ... I ... um r • .,k "ow. r Inp u' : :.woo "'!ltt..~ . 
rhy.l.ol length: a_l,i;; indu.!tl ovC!r-nll. 
W~lghh 2 ounC68. 
.... cu • .,c, .. , "'". nu .. '; .. " ;n SO _o h m Syll . ... ' 
... 1.5~c of nominul utlt'lItmtion til dr, '"' 0.2 
db frum valuo indi'·:Il<. .. 1 ill Figur(':l to 1000 i\lI', 
... (I , \Ih 10 2000 Mr, "'0 .6 dl) to 4lIOO "It-. 
h", ...... lur. C ... fflcl .ftI: IA'tIII than OtxKl:i ,Ihr 
(',Ih. 

TY PE 11.-LT TROMBONE 

CONST ... NT- IMPEO ... NC::: ... OJUST ... IILE LINE 

Ch .. r .. d •• h "c I",p. danc.: 5d olHl"til. 
F •• qu.nc ,. Ro n g., n·e hr 2f.00 ;\I~. 
... dj ... ' ... . n! I""g., 41 ('IlL ( IUllf'\\:\II(' :11 :\10 
.\11 1. 
rhy ,ic .. 1 l . nglh : A':" I~ltlbl,· Irom GI to 8:1 '·UI. 
Sp .. .!ng , I ~l(j ineh,,, hrtwccu CI!lItcr~. 
V5WI , 1A'!<tIlhfln 1.10 to 1000 Mr', IItHI 1.2,) 10 
2UOI) "f,·. 
TyrE .1.-.11( 10 I!I·C M CONST ... NT.I MrED ... NCE 

... OJUST ... BU LINE­

Ch .. ,o. I •• II II. Imp.dan •• : 50 ohm~. 
I'h,.'cal length . Adju~I:lhl,' from :-1;) to 15 I'm 
Ih:llf-w!lvf' lit 1500 "1("1. 

VSWI : I.ese: thsn UXIIII JOlt :\fc, LIlli [It WOU 
Me, LOS nt 1500 :\ I£', l.Hl :It 200tJ Mt', I~ -
than 1.15 at 3OUO iIoil-, 1.2 :11 4(X)O :\11', lind 
1.2" lit 5000 MI'. 
W.lghl , III oum~~. 

TY PES ' 14_F2OOO ... NO 114. 4000 

lOW. ''''S5 fi LT ERS 

"' CUt ... cy of C"I -.. ff F' . q" . ncy , - 11'" + 10'7". 
I'h,oIcol L. ngth : TYlle 874-f-'2000. ,3 ~ ineh('!! ; 
Tn.: 8i4-~'4ooo, 23i indll,'!I . 
W.ight : TYPE 8i4·F2tW, 5 OIUI!'('<l; TYPE 871-
I' WOO, .. ouuces . 

TYPE 1114_VO VOLTMun DETECTOR' 
Ma. I",,,,,, V .. ltag. , 2 \'ull". 
I • • onanl Fr. q"onc y, J\I,/,rm:imalf'lr :it~"f :\11' ; 
rorl1'CliOIl ('lIr\,I' 8uppli('( . 
VSWI Inl ... d" •• d In 0 Mat.h.d SO-ohm line : 
I.A.-..e th:1I! 1.1 tit 100) :\11'. h ..... t h :u. 1 2 :1 1 
2(0"1 :\ 11". Hypl\;!!' C'flJl!l<'illl'l<'f': Al'l'rH) .. ill"'I.':~· 
:.1011 I'l'f 
F" q" . ncy lang' for U .... , Match. d 0.,.<1 .. " 
-''>Oll k,· to 21.1111) :\I, .. {'Ull hi' 1I~,·tlnl fr('III"·T ". il·~ 
lip 1o .'.oOOU :>'1, ' fl n.1 , IV"II I., liO t:yl .... s (llith 
('xlerllai h.\·I.m. ... ~ '·:ljJadl,,,· l. 
Cry.' ol: Tn·t: I:-;:..:~ Hn HI'V"1'!'.(,1 ('r.\~lnl to 
I'TOviut' IJroIIl"·r OIlIj,III "',inril.1 rur 11<"> lIilll 
d·,. ~ill{J!«'oJll, •. 
Fr. qu.Hy 1~'fO"'" ~ Fil(lLrf' II . 
D . ... . nslans'.~ 1 hy 2 1 , ml"l" ..... 
W.igh': :; ('U"''t·~. 

• "","";"b!e in J"I,y. IIl50. 

('(~/r 11'''' 11 "rUt 

'1. _G3 Fh •• d "'". n .. al .. " 3 db ...•..•.. •. .....•.....•.. ' ·',IX,·' LI ••. !! $2s.oo1 
114 . G6 Fi •• d "'''' nuala., 6 db ........................ . n,~'(",olll>y'1\ 25.00 
11 •• GIO Fi .. 11 ... ".n .... 1 ... , 10 db ....... ................ . """',( Pln.Le " 2S.00 
.1._G20 FI .. d "'''. n .. al ... , 20 d .. ....................... . 1.'0"')(. ... : 1·1'.:1\ 25.00 
11._LT T.o", bon. Cans lan l. l ... p . danc . ... di .. llobl. l ine ..• n''''XTIII'ItHO IS.OO 
11 • • lI(I0 10_C ... Conslanl . hnp. d .. nc .... diu .... bl. li n •••••. CU\XI\. I:''T!;II 33.00 
'14_F2ooo L .... _pan f ilte., 2000- 101 < Cul · aff ...•.•.....• _ .. •• .. \.'{'·I .. IIt:H 14.00 
, 1 • • F4ooo law_p .... f ill • • , 4ooo· Mc Cul _aff .•.••••••.••.•.. t'C .... ~I-l:'nu\ 14.0::1 
.14.VQ V .. U .... I •• 0.1 •• 10' ........................ . (~'IXHJ4t·EII. 30.00 
,1._QU ... da plo. ,,, UGI5./ U ... ... / U Tyl'. LC C .. nn . ..... . . n,\XLlTIUi 11 .501 
.14. 0lp ... dapla. 10 UG352 ... / U Typ. LC Conn •• I ... ..... . r"AX1.I ·fl<: t:U 27.00 

l'. K Pi\I(:nt N(l. 2.518 ·1.'.07 

GEN ERAl RADIO COMP ANY 
275 M ... SS ... CHUSE TTS ",VENUE 

M"' SS"'C HUSITTS 

TE LE PHONE , TI .. wb.ldg. 6_440 0 
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