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Frequency Ronge 

Reactonce Range 

Resistance Range 

Accuracy 
Rea ctance ot frequencies 
up to 50 Mc 

Res i stonce ol fre quencies 
up to 50 Mc 

Accessories Supplied 

Ac cessories Required 

Mounti ng 

Dimensions 

Net Weight 

U. S. P otent No 2,548,457. 

SPECIFICATI ONS 

400 k c ro 60 Mc. 

75000 ohms o l 1 Mc. This range varies inversely with frequency, 
ol other frequencies the diol ,coding must be divided by frequency 
in Mc. 

0 to IOOO ohms. 

t(2% I 1 ti I OOOOBRI\:) 

R ~ mcosured rcsi stance in ohms, 
I = frequency in Mc. 

[ 1% \·0.00W (1 I ·,:io)~~ 1 '°;'_X I! I 
R ~ mcosurcd res15,foncc in ohrns, 
X = measured reoc toncc in ohms, 
I = frequency in Mc. 

Above is sub1cc1 to corrcc l1011 for ,c,c,idu,11 pc1ro,n<"tr,,c, .l"-cc fiqurC''i 
8 and 9). Accuracy is reJ.,cc-d beyond no111n1ol l irnir s of frequency 
(400 kc and 60 Mc). T he f' term i s imporront only cl frequenci es 
above 10 Mc. The 1.'f term is importonl or ver y low frequenc ies 
when the resistance of o h igh-reocloncc, low- loss capaci tor' is rncos­
urcd. 

T wo leads, 7 and 27 inches lonq, for connect,119 unknow11 ompcdoncc 
lo bridge terminals; two Type 87~-R22LA CofJYiol Cab les for connec t• 
ing generator and detector to bridge; one 1 2-in. spacer; ond one 
J / 4- in. 6-32 screws. 

R- f generator and detector. The Type 1330-A 13ri,lg,- O~cillotor, 
Type 1211-C Unot Osci llator, and Typ.- 1:110-A Oscillato r ore sor, s­
foctory, os is the Typ<' 100 1-/1 Stondnrd-Signol Gc11crolor . /\Love 
50 Mc, o Type 1215-C Unit Oscillator or a Type 1021-AV Stondord­
Signol Generator is recommended. 

The Types DNT-5, -6, a nd -7 He terodyn e Detectors ore re cam• 
mended. Sec Appendix A. 

Welded oluminurn cabinet suppli ed. A lugong,,-typc carry ing case i s 
a vailable separately ond i s recommended if the· bridge is to be used 
as o ponoblc f,cld instrumcnl, 

Width 12-1:'2, height 9 - 1 2, de pth 10- l ~ ind,r~ 1320 by 250 by 260 
mm), over-all. 

23 lb ( 10.5 kg) w,thout co,ryinq case, 
29 lb ( 13. 2 kg) wi th carrying cosc. 
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GENERATOR 

TYPE 1211-C 
OSCI LL ATOR 

Figu r e I a. Type 1606-1\ I{ - F llr-id.1~e. 

DE TECTO R BRIDG E 

TYPE 1606- A TYPE DNT-7 (HETEnODYNE) 
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LOCAL OSCILL ATOR 
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MJ XER TYP E 1212 - A 
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(TYPE 1203-B P.S.) 

~.•,;• ·, {,~ 
, .1 • t, 

' 
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Figure I ii. Type t (,06-1\ : 1:-; pan pf ;111 ll · I; 
l111pc.:dancc: Measuring Svstcm (sec /\ppc:mli x 1\). 
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TYPE 1606-A R-F BRIDGE 

Section 

INTRODUCTION 

l. l PURPOSE. The Type 1606-A R-F Bridge (Fig ­
ure l)is a null inslrumcnt especially useful for ac­
curate measurement of antennas, r-f co111pone11ts, 
and other circuits having rclnt ivcly low impedances. 
The frequency range of the bridge i s from 400 kc 
to 60Mc. Measurements can be made, with reduced 
accuracy. at frequenci es somewhat ahove and be­
low the nominal limits. The l ow-frequency !Jmit 
is determined mainly by sensitivity considerations, 
and satisfactory men su rem en ts can usually be made 
at frequencies as low as 100 kc. 

1.2 DESCH lPTION 

1. 2.J GENEHAL. The hrid~e is 11101111IC'd in an a· 
luminum cabinet. Since c;1pat:ita11cc between th e 
br idge components and Ihc inside w<1lls of the cab­
inet comprises one arlll of the briJge, the ins1ru­
m e11 t c<:11111ot he ...1!1::£il~t ~ f the cabinet. For 
rough u~age in field applica1ion!i, a separate lug­
g:1gc-tyJH~ ca·-r,·ing e;:i se is ;iv<1ilahlc as an acces­
sory. The bridge can llC' ripcrateu either ·iusidt: or 
ou Iside nf Ihe luggage.: case. 

1.2.2 CONTROLS. The following control:-; .ire 011 the pa1wl of the insIru111<'11l ( -;,•, · Fi)!11rc 2) : 

C,rnr rol 

REACTANCE 

RESISTANCE 

INITIAL BALANCE 

LOW, HIGH 

Capacitors (2) 

Ocscripl ion 

Vernier knob and four-inch dial 

Vernier knob and six-inch dial 

Two rouiry co111ro l s, with lock­
ing mechanisms 

Two-position toggle swi1ch 

Adjus1ments covered l.Jy sn~Ip 
buttons 

F1111t.:II01l 

Indicates rcacwnce. 

lndic:i((.:i, 1·csista11ce. 

UsC'll 10 rih1ai11 initi,il rc: .. 1cw11cc 
and rcsi st:tncc ha la nee 

Used tn cst:ihlish i11iIi .. il halunce 
i:'cll ing of I.he REACTANCE dial 
in tJ1e vicinity of O or 5000 ohms. 

l{csist,111ce cal ibration adjustment. 

1.2.3 CONNECTIONS. The rollnwi11g co11nce1 io11s arc 011 tl1C• pand <>f 11tc i11s 111::11c·111 (:,<·1· Fi1:11rC' .!) : 

Co1111ectio11 

GEN 

DET 

IJt'SCI ipli<lll 

Coa xi a I connector 

Coaxial coI111ec10I· 

Binding posr 

Tapped (6 - :12) 1c-rmi11,il 
in c ircular window 

Fllill' I 1011 

Ground co1111cc1i1111 lo u11k11nw11 
i nlJlC'U.l llt'l'. 

Connection for unknown impedance. 
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J . Gener,llo r co11 I1cc1 iu 11 (1 . lksis1;.11wc l ';tl il1r.11 io11 ;i( I - 111. J(L--; j ,-1;111t C 111 I I I ;ii ll:1 l ,11ll"l' 
'2 . G ro und ilinding post just ll lCII I ( 1.()\V 1·;1 11gc) l'41ll i l'l,I 

3 . C onnecti o n ro r unknown 7. LJCICl' l l>I' l"l>ll l ll:CI i(I II 11. lkul ram L' ini ri :1l -- lnl.111n: 
4. l ni ti al - bal a nee r;:i ngc swi tch 8 Rcs i swnce C\• tH 1·pJ Ulll l !"(II 
5. Res is tance calihnll ion ad - 9. Lock i ng mccliani s111 I ..' . L1·)L' k i II.I~ r11cclw11rsr11 

justm e 11 t ( l l!GI I range) I .'!. nl.',ll'la tll'C L'!lll l rol 

Fig ure '2 . Pan e l Cont rob and Ct01111cc1 i ons. 

1.2.4 ACCESSORI ES SUPP LI ED. Tile follow ing 
ac cessories are suppl ied w i th t he T ype 1606-A R-F 
Bridge : 

a . T wo c l i p l ead s fo r conneni 11g tile unknown 
i n, pedance 10 t he bridge, o ne a buu t seven i nches 
l o ng , t he othe r ahout 27 i nches . Eacl1 l ead lias a 
threaded st ud on one end and .a clip on t he o rlicr. 
L eads are s 1o recl in 1l1c accessory pouc li w l1<:11 11111 
i n use. 

b. A .1/4 -in . , 6- .'!2 screw and a s pace,· 1/4 i11c li 
in d iamete r n11d l /2 i11c il long. T l1csc a rc 1111, u11l t:<I 
o n t he u11k 11pw 11 rc r 111 i 11a l to L:icva tc !ill.' \·0 I11 1l.'L'I iu11 
to t ile sam e level as t ile bi11d i 11g- pos1 111o u111i ng 
hole , so t liat, if des i red , a componc11 1 c<111 he co11-
ncc tc cl clirect.l y bet ween I lle gro111 1d biml111g post 
and the unk11o w11 1crrn i11al w i1 1io111 1I,c 1Isc o f lc.::,ds . 

c . Two Type 874- R22L/\ dou!Jlc-slii cldt.:d, lilrcc­
foot p atch co rd s for conncctiPnS to gene r a to r and 

2 

detecto r . T licsl.' conls a rc fitted wi Il1 Tvpe 87.i 
Locki ng Coaxi ;i l C.:rn111cct 11 1·s. 

l . '2 . 5 1\CC: l ~SSUIUl·'.S J\V1\ IL 1\IILE. /\s wi1 h si 111i­

l ,1 r G c 11c rn I l{adi" cqu i p111c1it. 1 he Tvp(.; I (106- ,\ usus 
I ll e h,w -VS\V H. IPw-k;ika1~c (;HS, -t u,.i :, i a l ,:,11I11v, -
111 r. f70 1 l ilL· IISL'J' wis li i ; t,C: 111 111:11 <..: C:l•:i\ o r IJi':'.T 
1crini 11;1 l s wi th c11I1111,11H:111 :-- J'i 11cd wi th Ut:-c"axi :d 
c111111c.:c t1 1r.'- <•f "tll('r l l':1d i 11g Sl)-pli111 st· ri L·s . it i s ;1 
.-< i 11 q ,k ,11.111v 1 111 :1d.1p1 : ll';i" :q . .:L· :11 :1 l t1d,i 11r: ,1u 11c-

1 i n11 i s l \' p il..il l v lit:ll<· r t hc111 I :!() Lili driw11., l'l 11g ;1 11d 
j,1ck a<iaptor:es ,1 re a ,·a i l:il,lc 1, , 1ypt:s t'-; , 13NC , T N C , 
C, I IN, OS1\tl /ll l(M, !11 11·, I.C, l ,T, :tlld SC L'() lllll.'C -
111 rs . J\11 :Hl,JJ>l " r In tltl' G l( 1)0() sc xl css 111-cc i sion 
t·oa x i;ll co1111c·c 1n1 is al sn availa lilc . Co nsul t Iii<..: 
GL:1H.: ral lladiq C;1t :il og fo r tlc t ;1 ils. 
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TYPE 1606-A R-F BRI DGE 

Sect ion 2 

PRINCIPLES O F OPERATI ON 

2 . 1 GENERAL CIRCUIT DESCR IPTION AND IJAL­
ANCE CONDlTIONS. The basic c i rcuil of the Type 
1606-A R-F Br idge is s hown in Figure 3. An initial 
balance is made with the unknown termi nals short­
c ircuited. T he short -ci r cuit i s then removed, and 
the bridge rdJ.:ilanced with the unknown Impedance 
connected to the term i nals . 

When the term inals are short-circuited, the 
balance con<li tions a re: 

and 
l = Rb 1 

jwCr I Ra jwCn 

where Cal and Cpl are the capacitances of t11e var -
iable capaci tors in the short -circuit balance posi­
tion. When t.he shor t-circuit is replaced by the un­
known impedance Zx = Rx+ jXx, the new bala nce 
equations are : 

and 
l 

.i Xx +-JC. 
w p2 

where Ca2 and Cp2 are the capacitances of the var­
iable capa ci tors wi th the unknown impedance in the 
circuit. 

The unknown resistance Rx and the reactance 
Xx are therefore related to the bridge constants by 
the express ions: 

and 

The rcsi;;tance Rx is prorortional ro the change in 
capacitance Ca, and the reactance Xx depends upon 
a change in capacitance Cp. The constant that re -
lates resistance Rx to change in capaci tance Ca Is 
determined by the fi xed res istance R0 a nd fixed ca -
pacitance Cw The reactance Xx is actually meas­
ured by the reacwnce substitution method, and is 

3 

cqu:11 and opposite In sign to the ch;inge in react­
ance of the capacitor Cµ · 

GEN 

UNK NOWN 
c,~ 

""f------------' 

F igure 3. Bas ic Cli-cuit of tl)e Type 1606-A 
R - F nrldge . 

2.2 DETAILED CIRCUlT DESCRIPTION. 

2.2 . 1 GENER AL. Simple rcl;irionships between the 
unknown resisl!lnce, rcactance, and increments of 
capacitance are ohtatnecl by the ser ies-substitution 
method of measurement. For simplic ity of opera ­
tion , auxiliary controls not shown in the basic dia­
gram ,n-e added. Their functions are most eastly 
described by sepa rnte discussions of the res! stance 
and reactance balances. 

2.2. 2 RESISTANCE MEASURE~1ENT. The RESIS­
T ANGE dial , whlch controls variable capacitor Cl 
(see schemallc diagram, F igure 10), can be cali­
brated in resistive ohms , with any capac itive set­
t ing JS zero. F o r the rnaxi mltm resistance range, 
this setting is chosen nt 111 in!murn capaclt.ance. A 
snwll variable trimmer capaci tor, C2, is then con ­
nectect in paraliel with Cl, so that the ini tial resis ­
tance balance, witJ1 the unknown terminals short­
circuircd, can be made at zero dia l setti ng, irre ­
spect ive of s l ight chnngcA !11 the L>r idge parameters 
with time or frequency . 

2 .2.3 REACTANCE MEASUREMENT. The REACT­
ANCE di :il, which co111 rols vasiable capacitor C3, 
can he calibrated In reactive ohms at any one fre­
quency , aga in with any capacitance setting as zero. 
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LDuJi ti ~H :.. I ''IC" ' 

GEN ERAL f.' AD IO COMPAN Y 
a r,__.,,~<:; \ tf.('i (I:_ 

Fu r t he 111:i>< i 111u 111 rcal· 1,111c c r ang e ,rnd 1lie l>csl 
sca lcdi str i hu1ion, thi s :--c11i11g (di,il zc n 1) i..:: d1ClSL' ll 
at m axi m u m c apacit ;rncc . ,\ ,·:1 ri ,1ble t r i 11 1111cr L·.t­
pacilOr, C4, i s the 11 co 11 11ec1ed in se rieswi rl1 C:l , :s<' 
t hat the initi a I r e acra11ce balance , wi th the u11know 11 
te r m i na ls short - c irc: 11itcd, ca n he made at 7(•ro cl i a I 
selling or al n1l1er poin t s on 1h<.: di,il, i n cspcnive 
o f c ha11gcs in 1he b ridge ra rame1c r s w i1h i i .me or 
frcquc11cv. 

,-Anothe r auxiliary cont rol perm i ts t ltl' m c:,;7- ) 
urement of both capacl tive and i nduc t i vc rcac ra nces 
equall y well. With t he zero positio n 0 11 the RE ACT ­
ANCE d i a l est;1bli~liccl at maximum cap;1ci 1a11c c. 
the dial sc:.1 1C' r eads inductive rc:ic..:w nc..: e di r cctl y ; 
for measurements of capacitive rcactance , the i n ­
itial balanc e must lie made at ..111 upscale readi ng 
so tha t the negative change in dial reading w ill r e ­
main on scale. Si nce the range of adjustment o f the 
INITIAL BALANCE contTol d oes no t permit initial I 
bal ances to be establi shed over the enti re scale , a l ~wo-positi on (LOW, HI GH) s w itc h is p r ovided to 

l shift the i nitial -baJ :incc a~j~ tm ent range to either 

lhc t ,>p o r hotl (llll ( ' 11-1 '" • t,,· d i. al I>\ cha ni-: i 11g lht' 
,·:1li1C· 11f Ilic· 1·a1io· a ri 11 1,·:-.1sl t1 r ( ll 1- IU ). \\'ith th i s 
:-;w i Id1 i11 the LO\\' posi Ii1111 . i 11 iti.i l h;1l ;111ce c:111 he 
obta i ned w ith I he IU·: /\CT ,\ NCE d i ;1 I SL' I fro m z c1·0 
to about 100() , fnr I hc- 111c:isurc111 c11 1 of i nducli vc r e­
;1 c 1 :111C<'S :1 nd rela l i,·l' l y sni:11 I c:1p :1C i Ii vc· r c·;1c1 ;i 11<:<'S. 
\Vilh 1l1t: s w it c h :11 I IICI I . :111 i11iIi:1I h:1l ;111ct· cIII he 
nllIai11('d i11 t ill' \' i c i11 i1 y o f I lle 111axi 11H1111 SL' lling o f 
! lit· I{ J•: /\CT i\NC I·: cli a I , {1JI' I he· 111i·a s uI·t ·rm ·111 o f l:i rgc: 
capac i t ive 1·c;1c t :111ccs. T he unknown r e::ic1:i 11c..:c e ­
quals thc d i ffc r c ncC' in the Hl~i\CTANCE di al r ead ­
i ng- lw twcrn the two h:1l a11 ces d i v ided hy 11\c r rc ­
quc 11cy i 11 111q~:1cyc..:ll's. 111> 111:lll<·r w he r e the di ..il is 
St'! fo r l he i11i1 i:II h:ll:111cC' . 

2 .2 . 4 C IRCUIT O 1,\G ll Mv!. 1'1g111 1: I.! i s a compll'te 
schc1 11n t ic di ;igr ,11 n , showing 11J c ra t io -arm swi tch 
S I .ind !hi: two 1ri111111c r c..1pnci ttir·s C 2 and C4 . !11 
Ille ins 1ru111ent , the fixed c:ipac itance C7 i s com­
posed chie fl y o f the c;1paci1n11cc: tu ground o f the 
sltic ldi11g sys tem. The smnll ad j us t i ng capnciLors, 
C S and C6, i.lrc used to l'qunl i zc tJ1c capacitance 
f rom po i nt A t o g r ound in the two posi t i on s of S I. 

Section 3 

INSTALLATION 

.1. 1 GEN l •:R A I .. Tile L·t 1111 p lctc 111 easu r c m c lll sc i 11p 
us uall y C\>nsist s o f the T ype 1606-A H-r- Bridge, a 
w e l l - shieldeu r ad io-frequency oscil lato r , anti a 
w ell - s hielded detec to r . See Figur e 4 for a typi cal 
SL' I up. 

Fig u1 t · 4. Block d i agTam of a ty11ical syst <:I11 
us ing I lic T y pe 1606-A R-F flr idg-c r,, ,· i 111-
peuancc 11ieas11rem e 11 tF between 1 and SO M c . 

4 

:s. 2 U SCl l , U \T(ll{ . T liv , l "Sl1ll:1111r I1H1sI be 
t':l)li.lhl e o f t"<>Vl'I ill/! lhl' fll''Jll<:llL'\' l1,111tl nf .JOO kL· 
lo 60 l\k (or an\' dt·'-'irt:d pnrtin11 1hc:rl.'••f) wilh a 
111a.xi111 u111 ,,uI puI v11 l1.1gt·1 , fllL·l 11·ec11 I l. I an· l I () vol r s . 
( r n r lllL'.l s 11 1·L' lllL.' ll l s , ,11 l 1r p:1dc1s1 :11ilL'1111:1.'-'. t il l' 
In ax i 11111111 pnss i i,k 11:-l· i II ;11 11 r V<>II ,li!t' sli• ,11ld ill' 
u~l..'d lf1 nve1 1·idl.· 1u1c.·1 l c·11•1H v. )• I ht.· .,st.·il l ..11,11 
sl1n 11 ld h:1vt• a n1.ix1. il •Hll('ll f v111111L·t·I11I . Cl l ie ·1\ ·pc 
I '.! 1 1- C l l11i1 O."t ·ill:1I11 1. wi 11t ;1 i-:111,t,:L' 11f O.S 111 ."ill 
l\ lt". 1s <.'SJ1<.:c i :'1ll v nTc,1111111· 111k·d . ) :\l s11 . Ilic f11llow ­
i11g I11s1 I lllllL'll l s 111:1,· l •v 11:- , ·d .1 ,-: :--1.1;11. il .1.!l'lllT,1111 I s 
fn1 rh,· r, \'IJl ll'II\ I\'.'-' llhll\ :11nl: 

111~1 rlll l ll'lll 

l\·f11· I .! I II-( · lf11i1 ll-( · ch:, 111:11 nr 
·1ype l :!IS- t· I n il <>..,Lill;,ro r 
1\pc J:U n - ,\ ll 1id.~l' ( )q· il l:11, ,r 

T l'fH" 811!) -ll Sra11d:inl-Sig 11;1I 
( ;\'Ill' r; JI fl /' 

l \•PL' I Oil I - ,\ S1;i11d:11d - <.;i,,!11:il 
C<•n<• l'al n r 

.!ll t p-.; - 11 . :;, ,\k 
ill - :!"ill .\It 
.'i kc - ">U .\ le.: 
I (, 1-.:c - ; 11 i\k 

t 
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TYP E 1606-A R- F BRIDGE 

:3.:l DETECTOR. Three se11siI ivc.; l11.:1crodyne­
dc1..:ctor :isse1nl>l i<.!s , Types DNT-5 , -6 , and -7, 
dcsc ri l>ed in App .... 11d1x /\, ,i r e p:11·t i L·td,Jr ly r eco111 -
111 c mil'd Ill r us..: li..:I w..:en -Hill kL· /s .. 111d 50 Mc /s. 
Sulisti tuti1Jl1 of J Tvpe 1·1 1s-c Uni t Osc i llator for· 
t he lm: .. d oscillalllr ·in 1111.: Type UNT-7 llt.:1erodyn1.: 
l)t.: l t.:Ct11 r .. 1ss..:111 l ily jl<.: l'I I III S <> pl' r ;J l l() ll l ie1ween so 
:1 11< ! (1(J i\k / s. Tl 1v T vpc l :.! 1'2- /\ lliii t Nu l l D c 1<.:c l t1 1· 
is ;I SI 111pll'I' 11111 IL:ss sens it I Vt; si11gil: ll!Sl r ll! ll<.:llt 
f., r 1!11s 1•uq>11s..:, .JI f r c·qut.!11c11.:s ll<.:low S Mc/s . 

3 .4 GROUNDING . Whc:11 the ins t r ume nt is used 
for :Jnlcnn;r i lllJ)L'lbncc nre:.1s11re111enl s, i L should be 
g r uunt!cd a t a s i ng le po in t, rh r ouglr a c1rn1wction of 
as low r cactancc a :; po s::;ibl e. Whe n the i nst rumc nt 
is used to m easure i1 11pcd~111cc of components, 
g round ing- i s usunlly not r equi1·ed. T o facilit:i te 
m a!-.. ing the g round co n11ec1iun, a ground clamp i s 
prov ided on t he ins 1rumenL c ase . The g round l ead 
,liould l>e a short lent;th of copper strip , abour a n 

inch wide. I n a in:iintcn:rnce shop selllp, a sa ri s­
faclOry g r ound can be made by copper foil cov er­
ing rhc: 1op of the bench, even though tl1c benc h is 
physit.;a l ly far removed fr Olll g round. If the foi l 
an:~1 i s la r ge enough, it wi ll usua l l y be .found that 
a connectio n from it to ground (e .g. th rough a steam 
radiator system) w ill m ake no appreci able differ ­
e nce in resul t s. The foi l a rea should be at l east 
grear e nough so that the gene ra Lor , bridge, and de ­
t ecror c an all be p lac t:d upon il. La r ge me tal s1r uc ­
tu r es, such as relay r ac ks, arc also found to be 
adequ:HL' grounds. If the ground ing i ::; i nadequate , 
it wil l u:-;uall y Ile fou nd t ha t the i n:,; tn1111e nt pane l is 
:Ha diffe rent puLential fro m the hanu of Lite opera ­
tor, :111d th.11 the bu l ance c:111 be chang~·tl if the panel 
is touched. 

3 .5 STll/\ Y PICKUP. If rile b ric!ge panel i s ar g r ound 
po1cnliJ1;.intl 1hc ~e11e ra1o r and dcl L!<..:f<ir panels a r e 
1101, 11 1s usu:illy an indicatHHl uf cx<..:L!Ssive react­
ancc in 1he connecrions from 1he outer conductor s 
of I he coax i al k :ius It, 1l1c: g-cnc r .:iror anti de tector 
p:rnds. Use of rlw dlluhlt: -shielded coaxial cables 
suppl i..:t!. wi tit coaxi:i I co1111ec10 rs on bot It gene ra1or 
ant.I de1..:...-10r panels, will g-cne::1·al l y el iminate t hese 
cliffe r em' <.:S in poil'll ti :il . 

As a c t1eck for sn-ay p i c kup , ba lance the bridge 
wilh t he unknow n rcrminals s hort- c i rcuited and re 
mov e 1he detccLOr cable rrom che panel jack o f the 
bridge. The d t.: tecwr pi ckup should bc: neg ligible 
if t ile gene rator l s auequ:i td y :,;hil!ltled. If theouLe r 
shel l o f 1he c able j ack ca n be touched to the gr o und 
shd l o f the de teclor connector wit lwu t significanrly 
i ncreas i ng the d<.:l1.:l·Ior ou tput, no excessive reacl ­
ancc exi sts . If Lile derec tor, whe n disconnected 
frurn the lJril.lg-c , shows con sidcral>l c p ic kup, it i s 
usually an ind ica tion of poor shi elJ i ng i n the gen ­
era tor ant.I det ec11,r or of enc:rgy transfer fro m the 
15ener:11 or to the d~•rccto r through the power line. 

5 

T he leakage can also be produced by a faulty cable. 
It ls som etime s found, where groundi ng conditions 
c annot be carefully controlled , that i ndividual ground 
connections from Lhe generator , bridge, and detec ­
tor pane l s Lo a common ground point give l ess pick­
up and better results than a s i ngl e common ground 

INJ l"I/\ I. Ill\ L1\NCE l' INAl. l!A I./\NCE 

o'.J. Mclhod co.utbe u.sed over ent i re ranKe. Above 20 Mc: use 2- in. 
o r shonl·•· hu:"1 wi n: or ,crmlnals: alone for 1,:rea1er • ~curacy . U 
u11know11 lmpt.,luru:c Is low. oricm uu k110Ylrt parallel to panel to 
keep dlp-lca,I posi1iU11 !Jcn1lca l in IJ01h ha lo11ces. 

b. S1101 I ..:Hp I cud used 10 11LCasure Input lrnpcdn.nce to coulal line. 
Above 2U Mc use shoi;t hus wire for greater accuracy. 

K K 

c . l~iyslcoll)• lari:c unknown. For Init ial l,olance, coruiect clip l ead 
10 groun~l rcrmfnal or short lnrm ,cnldnol:i 10 ncrw or k hy copper 
s1 ra1>. Ahuvc 5 Mc use gro1111d st r ap directly 10 panel Instead of 
bus wire to binding posi. 

d. Stmrt No. 20 hus wi I'(~ ugcd to measure hi Pm Jmpcd.'.lnce to co­
ax ia l line. For initia l ba lance, shon Inner and outer coaxial con · 
d11c.;tors h)· o scrnr. orcooncct bus wire 10 grounc.lc<l shel l or coax­
lat lin-'. Mos, ac~-ura,e method, especially at higher rrcquencles. 

8 

C"~M E D 
), I• 

c. <.:11m1h,m·111 L'OHUt•clC::tl ttl re:cll)' lO hridt.:c 1crminals. ll-:com -
11\\.'11tlt·,J 1'111' [h.:-.·11 r,i.J IC lll l 'U:,rnrc nh.'IHS 011 .smu ll t.:UIUflOnCnl ,;:, c.spec ­
la lly <1lmvc ~O Mc. 

A - Shun '-hP h.:0:,1 
U .. lh,knovm l·om1loncnl 
<.: - C: round lnndini; post 
I) - l.111k.i1ow11 1vrmfnol 
I: - fl ridi:•' pmwl 
F - Coaxial ll11c 
r: - Clamp 
11 - 10 -Jl sc n·w suhstltuted for panel 3c rew 

I - llus wt re 
J - St r ap (recommended at 

high /requenclcs) 
K - Ne twork unclor tes1 
I. • Ground term inal 
M - Spacer 
N - Banana pin or Type 0874 -

0612 Inner Conductor 

F igu re 5. M ethods of ConnecLion. 

' I 
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GENERAL Rf,D10 COMPANY 

to the bri dge ;_ilonc. T l1c use of cn;1:-:i.tl c;1li l es ,111LI 
crn111ccwrs at liotli gcncr;1tor .ind detcc1(Jr is p:1I Jic ­
ula rly r econ tlll cndcd [(I ;1v1, i d as 11111cli ,ls pnssil>I<..: Ilic 
11cn:ssi1v for sm:11 llllllt i pll' gniull\l c1>111H·C1it111s. 111 
some cases, tile effects of str,1y picl-:np a re r<..:thwctl if 
the genera tor and det<..:C101·co1111cc t ions :t re r vvc r secl. 

ror ;1 f11rtlicr check for st !",IV pid: 1q1 . l"l'jll'.1 1 
the p r ocedure dcscrihcd c:1r l ic r i n this p,1ri1gr:q1il, 
w i I Ii l11cgc11c ra1or c.1l>k i II pl:1cc or I lie d<.·t l"C'" 1· l·,11>1<: . 
For antenna mcasurc111cnts, cllcck for coupl i n.~ l>c­
rwecn t he a11 1c11na a11d tile generator or dclcclo1_· l>v 
repeating rile above chc••l·s with I lie a11 Ic11 11;i cnnnecrcd 
to the unknown tenn1n.df-: and the bridge balanced . 

3.6 PflELlMIN/\R 'i' ,\l.)JLJSTMENTS. The following 
adj usnnenls m ust ! -~ ·nauc to prepa r e the instrumcnl 
for use. 

a . Connccr the generator and detector to rile 
bridge, usi ng I lie ca!Jlcs and connectors prov ided. 

b. Ground the equipment if necessary. (Refer 
to paragraph 3.4 . ) 

c . Set the generator and detector to the proper 
frequencies . Tile input s ig nal sho uld l>c cw (u11n10d­
ulated) to prevent l'X)SSibl c cli ffi ctt l 1ics ar ising from 
side bands. 

cl. Con necr l eads according to paragraph :l.7 . 

Section 

OPERATING 

4 .1 INITIAL H,\LANCE. 

4 .1. l PlWC1..mu1rn. 

a . Set controls for initia l balance as foUnws : 

(l) If 1he un i r 10 he measured ·has ;rn in ­
ductive rcactancc, set tile sw i tch t.o LOW, set the 
REACTANCl~ .ind IU~SISTANCE dials to zcrn, and 
short the unknown tcr111i11.1ls. 

(2) lf tile ci rcui l is k nown lo !Jave a cap:.ic­
it ive rcact.111cc , set lite swirch to lllGI I, REi\CT/\NCI.:'. 
dbl to SlJOO, g l •:SISTANCE dial to zero, and shorl 
the 1111 k n,,w11 1c•n11i 11:1 l s . 

(J) If tile i' i,t;11 uf tile rCal· t. tncc is 1111k1111wn , 
set I lle swi 1ch to l t lCII, lll•:1\CT/\NC:I'. tli:ll 10 ;1 1Juut 
:J40U, t ile H l·:S IST/\NCI•: dial w zero, <llld short I lw 
u 11km1w11 1e r111 i 11:tls. The 111 id-tli ,t.l selli ng makes ii 
possibl e 10 oh1ai 11 a li.i l.111cc o r <1 t lc:1st an indicali<,11 
of tile signnf rile r c:1c1ive lw lancc wi ll\ citl1cr induc­
tive or capac.:it ivc unknowns . 

h . llal:11Kc the liridgc too 1111 I \ liy varying file 
INITIAL lli\L.ANCI~ co111rols . 

;_7 Ll~,\ I) .-\1'1'1, IC,\TIOI\S. Till· f1>l l"wi 11g 1q1vs ,,f 
Iv.ids ), l,,,i ild iil' 11 sc-cl r .. r I I,(' ;q11d ic.1 I itollS 111dil"dll"<.I 
(Sl'l' 1:i_1:11 I"!' S): 

;1. 1,.,11g vl11• l,-.1<1 (,.;11111111< .. ·d ) - l ',.;,· i,1,l v wlll:11 
sl1urt k.1\I t·;I111H>I lu: tlsl·d, ;111d 1111·11 , 111iy .i l f1·t ·q11c11 -
1· it·.·, l1t•lt1w S t\k. 

11. Sli11 rl c l ip l1·.1cl (~,11 ppli t·d ) - l 1~:t•i"1il "vc-r 1!1t· 
rr, ·1I1 1( '11\'V l', l ll\:l'••l"ll11·l1rid1~1·. 1·,,r_,: 1·1•,1 1('.''i ,J t"\'11 1".lt"\" , 
cspcc i,il l v .1 1 I·1·c,p1t·11c· ivs ,ilu11'1.: :.!t i l\k. IISL' d two ­
i ncll O I" f-:li°, > 1·1 l'l" I •tis wire t1 I· 1 l1c I(..' !'Ill i 11~11 S I lll:111 sci \'CS. 

c . 111 1s w i rv k:llls - 1\ L\\·,,-i11ell"rslior1c1·Jcad 
rn'< >111 111cn,kd, l'•Jl"l i ,·1il.rrl\· .11 fn.:1 111l·1 1L· ies ,tiH>l'l.' :20 
lvk. Jf longe r lc .. 1ds arc 1i"scd .ti lowL'r I·rL"q11c1a.:ics , 
I lici 1· capaci1a11c.:<..:s 111 1.:r111 111d I1111s1 l,c 111c;1surcd ur 
CSI i rn..i I cd ( n.:f c 1· I() 1 •, 11·.1:: r,q,lt --1. ·1 ). 

LI . l\r id.1;C 1.cr111i11,lls - 1\11,;;1 :1ccur .. 1te I11c,1su I·L·­
I1H~111s l"l'Si ill wlH:11 Ih: 1111k111,w11 i11111c<i;i11cc: L·an he 
nwuntcd direcrly .1cr,,ss 11Jc l>ritlgc tc r1 11i11 .. tls. 

Use (Jr tile lcnni11 .. ils J i e)llC and 1cr1nin,tls \\' i th 
a sl,nrt hus w i re le.id .ib" li-1 \ 'C 1l1c adv;111t.1g-c 1>f 
c.,11fi11i11.1.: 1l1l' i 111 I~•rl ,1111 t·k\"11·qs1;11k fie lds 111 ;i n·l ­
.i t ivcJ~,s111a l l :in'.1 :111d 11l11s 111i11i111 1, i1 1r li:111!1 t· ,q1,1t·i-
1-t11L'C crfecl~. w l1it"l1 111 :11· l,c 11"ticc,tl1lc when s111.tl l 
cap;1c i1ors :1 re 11H'.ts11 n ·1I. 

4 

PROCEDURE 

'1 . 1. 2 L\l\1ITS. ,\t 1,,1,·,·r fn·q11e111"it:s,\\"illt 1hc sw i tch 
al LOW, i 11i tial liaL111c.t: c;111 l>c 11htai11l·0 at l~Li\CT -
1\NCl2 S<'I.! i 11,1~s frn111 ,'L'i"" Ir, (1l 111u1 l ".!llll; ll'iLl1 tile 
switd1 tn 111(;1 I. fr11111 .ilu,ul :l I IHI 111 S()Ull. :\ s 1lii.: 
frequency i i; r ;1isvtl . rl, v:,;c n-.11 L l lll"l' li 111its l\'IHI I<> 
rnovc 11p 1ilc: di ;II l >c'1·:llls<.: , ,f tile i11dlll:t.ivv 1·c.1uaI1n: 
of I lle Cllll llCCli11g ll':td . UvpL'ltdillg llj)'lll lill' lcn_i;:th o r 
1I1c cnnncct i 11_1.': le.id; .1 r 1·<''111<.·11c1· l'.'i 11 Ii<' fo11ntl :ilu,ve 
\V l1icl1 i11iti~1 l li..i l .. I IH.:v v.11111111 !1{ - <dlr.- 1i11vd \\· i 1l1 i ii....: 

H 1,:,\CT t\NCJ ·: ll i;il ,tt ,~n,1 .111d I l ie s11·itcil ~1 1 LOW. 

1\ lii,L: I1 frl·1p1c111·y 11·i ll lie i'11u11d ,II whiLlt 1ltv ini l ia l 
li.tl,111<·i; ca11 11<1 !11111:,·1· Ill' , .J,1;1im·tl l':illl 1l1t· ll li1\CT -
1\NCI •: di ;il :ii St11111 ,11111 tll\' :-1\· i 1, It :II I IIC I 1._'l'lll· ;;l11ft 
i 11 fi;tl.lllCC 1".IIISl' lie• ld l" l"(·•q1CJlhii n:. • , ' l"l'CI I" ill 111\',IS­
lll"l'lllC,"I\I SilH'C, i11 lilt' Sl' l'iL'S·s1il1s1i111I11 >li process, 
1l1c L'IJI\Sf;1111 i11tl11l· t iv, · 1°('. l ("f.Jlll"l' .. ,- lilt' l"<ll ll\CCli 11g 
i(:;1cl C.llll"CIS 11\11. 11 cl1>l'S , 111)\\'CVL: l", r i.:tllJL"L' I lie re ­
ac1a11c c r;i1Igc pf lilt· l>ridt.:c , si1ll"c 1lw 1·1111 <.·.,verage 
(Jr r ile n1 -:,\CT1\f\:C.:J•: di,11 t-11\1I(>1 i>l.' ,il,1.ii11L:tl . Tl1e 
effect c.111 l>c c,1rn:ctnl, wl1c11 11cL·cs:s. , n ·, Ii~· tltc i11 -
scrti,,11 of .1 s111,ill 1·i.,c·d c:1p.1ci1111· (,Jla,11t :!Lill 1q1r) i11 
S(' r it'S w i 1h 1l1t· , ·.,1t1w1·1i 11.1:· lt·. 1d 1, , 11t ·111r,tli z<: Iii<..: i11-

duc t i vc rcacl:111ec . 

(t 

wigfi
Stolen 2 Line Transparent
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TYrE 1606-A R-F BRIDGE 

LI rllll ·--·1-T-,Il lJ l --· -- r--- --, 
-·-- •- -·-- ··--. --- -· LIMITS roR INITIAL SETTING OF RE /\CTIINCE DIAL 

,- --- SHORT CONNCCTING LEAD I --· ---~ ~-- - -· --
- --- LONG CONNECTING LEAD I --·-···-- - ,_ -· - - - - .... ____ TER MINALS /\LONE --·-- - · .. 

L') 

z 

5000 

o 4000 
<.t: 
w 
a: 
_J 

-- --

---·--

1----· - MINIMUM-SWITCH 

- ,- . ---- ·- - -

SET TO HIGH .... .... 

-~ ....... ... I I ......... I ' 
.... -

I I\. 
/ ' 

r/ ;,'-· . c--- --
/ 

\ / 
.,..i-- ·- -

:-,.._ ___ ... - -- D< <l'. 3000 
0 

i------· -· --1- - - - . ----- - i--,.. . ~ - .. - ·--- ; 

w 
0 z 
;:! 2000 
0 
<.t: 
w 
a: 

1000 

--- - ··- -- -- -· - -
MAX I MUM· SWITCH 

-···-·--- --- ----· - ·- ,- -

. -- -·- -- - - ,_ 

~- - -· - -· -- ·-

- ,-

- -SET TO LOW -
.. •·-

----.. -

- - . 

r--;......., ~1 ~,-- I/ ', 
I".""- ·-~ 1--

// \. . -·· 
/ I\ V I 

/ \ 

V ... / 
- -- ....._ ·-- --_,~ ,~ 

1../ \ 1-r------ ,....,. -~. - -· . ··- ·- ... 

~ 
\ 

_ M I N I MUM-

I sw1TcH s\ re ::1 
I . --_f-~:1 .. L -_ ~ 0 

0.1 0.2 0.5 1.0 2 S 10 20 50 70 100 
FREQUENCY IN M c 

I· ig11rc· fl . l{ang-c or lnit ial Rcacl,ttKc Dial Sell inf! ;is a l·111H·1 i11I1 ,1r I 1H111c·I1r\. 

Typic,il curves of the sllifts in ini tial bal ance 
are shown in Pigurc 6. With the short clip lead.as 
shown, the shi ft is relalively small over the entire 
frequency range o f the instrument, and it i s usually 
not necessary lo use a ser i es capacitor ,.lt any fre ­
quency. Wilhrhe long- lcacl.rhc s lliftis ::irpreciablc, 
and at frequenc ies above 15 01 20 Mc a series ca· 
p:idIor may Ile 11ecess:Iry. llowcver,the use of the 
long lead al t hese frequencies is 1101 reco111mcnded 
as the er r ors ; tr<' li :il1k to Ile fair l y large. 

\\"hen a short lius wire i s used fo r· tile co11· 
11 c·cti11g l<'ad, or when rilf' 1111ki1o w11 i s co1111c:ctcd di ­
rl.!ctly across rhc bridge terminals, 1hc i11itiaJ-b;1l­
ancc r:ing<: shi fts with [rcriucncy in till' opposi1<.: 
direcrion from Jhe sh if1 when a clip !encl is 11 sed 
( see 1:ig111 t· r,). T lti.-: rt:vcrsc sltif1 i s c:H1:;c-d li y 
compensating n':uctanccs, included in the bridge to 
minimize the initial -balance shi fr when c lip leads 
are useJ. Al the highest frequencies, the bridge 

7 

cannot be balanced i11 the v i c i nity of 5000 or at zero , 
but it cnn be balanced over most of the intermedi­
ate range. 

4 . I .:I NlJI .I. I )l ·'.T l•:lll'vllNi\TION. To liala11c-e 10 a 
11111 I, ,ttlJ11sI Ille lirtdJ~c •t'Plll r(lfs until l11e signal 
iml icaled hr the tl<·I L'('lor tli111inisiiL's . TltL' g;1i11 
L·< •1II r,il .'<IHi1il d 111• ,-wt al .1 l c.:vd sh., , 1 .,f sau,ration. 
T ltc11, ,I '""J!ll 11111) c;li .. uld liv fo1111d. Tftc 1:a i11 sho1·11d 
Ilw11 l•c i nlTt•;isvtl, .111d .1 I1111rl· ;Il·n11.11t.: 111111 ft111ml, 
<k'h·1111111L·d fr.,,n :1 1111 11i 11111111 111vIcr n : adi11g. This 
prrrn•ss slll11 ild I><• l'l'(ll'iilt'd 1111I il I l1e g.ii11 c1111I rol 
i s sci :i i tl l<' 111 :1, i ,1111111 l cvd rt.:qui l'l'd lo <>hlain a 
l>.1l.111ll' wit It 1hc dt•si 1·t·tl pn•eisin11 .. f 111e:1sur<:111c:11t. 
If 1'11..: du,·L·111r docs 1101 lt.1ve an ;1deq11:1te ~cnsiliv ­
itv ('1,11lr11I, r vd1wi111~ rlu· .1:•·I 11:r;It"r 1111tp11I <rrdc.;I1111· 
i11.i.: t fic dun:ltJI" I11.iy prutlucc 1l1t.: s;I I11(: ).:C:lll:l"cLI 
n :sulr s. F"r l'r<'(·isc.: h.ilancc, rile )!l'llCLll<tr ou1p11t 
sh1111ld l,c.;sc·I ;11 111.1'(i11111111. Sn 1h;1I the 1·ati11 or 11sc-
f11I oul pul 111 lc.:ak.1gc is as gre.11 as possiliJc. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

-

-

__________________ ...._,_ ___ ~ __ ., _________________ _ 
GF.tl ER /\l HMW) COMf'/\NY 

4 . 2 MEASUH EMENT OF UNKNOWN IMl'l·:DANCI~ 

WITHIN D IRE CT- READING RANGES OF IIIH DGE . 

a. Connc.'C l l he groum.l tenninal o f !lie 1111k11ow 11 

impedance to the br idge pa nel. Use as short a lead 

:JS p0ss ihl<:. Sec 1:i,:111 <' '.) for s11ggcstcd 111c1l1rnls 

of connec t in,,~ va riou s t ypes of 11 11k11ow11s . ( For ;111 

i11l1cr c 11tly grounded i 11 1p<'d;111ct•, such as ;1 low·· f rc 

quency antenna, th i s ground connection can be o­

m i ned, since the bridge is already grounded through 

a low-r eacta ncc connection. Refer to r ar,igraph 

3 .4.) T he unkno\vn sho uld be l ocated so 1liot it c..1 11 

lie reached w i th one of the two coru1ecting leads sup­
plied, or with a short bus wire (about No. 20), 01· 

connected by its ownlca<ls across the unk nown te r ­

m inals. 
h. C l i p the connecting l ead to the g r ound wrrn i ­

:w.l of the unk nown i mpednncc (or shore -ci rcuit the 

term inals of the unknown with a low - inductance 

strap) and est abl ish an ini t ial balance (r efer to r a r­
agraph 4. 1) . If the component i s to be c onnec ted 

by means of i ts own kads between the ground bi nd ­

i ng post and the unknown terminnl, subst itute a 
short bus wi r e or st r:ipping fo r UH? compo11c 11t. 

c . Re m o v e 1he connect i ng lead f1·0111 the g round­

ed te rm ina l o f the unk nown i rn pcd .. 111cc, co11 11ccl l o 

the ungrountkd tcrminn l (or remove the short-cir­

cuit f rom the unknown). and rebala nce witli the RE­

SISTANCE ,.lllcl RE ACTANCE contro l s. The locati on 

or the c onnec ti ng le:1 tl shou ld Ix: nltcn .:dns liule as 

possible when tile clip is shifted from the g1 01111tlcd 

to 1hc ungrountk:d te, 111i11n l , in order 10 111in i mi1.c 

t he changes i n the I.cue! inlluctance. If the unknown 

i s to be connected by i ts own l eads, substi tute the 

unknown for the bus wi re or strapring used for in­

i t ial balance (refer to swp b). 

d. Read rhe unknown resi stance Ji r ec tly on the 

RESI STANCE d i ,ll . T he unkn own rcuc tance equa l.s 

t he change i n rend i ng of th.c REACTANCE dial , for 
anyin i tialsetting,divide<l byrhefrequcncy inmeg.'.1-

cycles. If the unknown reactancc is inductive, the 

m .iximum dial - r eading accuracy and rnnge is ob­

w ined whe 11 t he in iriol se tti ng i s made at zero . I 

Un<lcr 1hesc co11di1ions. the chani_tc in readin,, of rhc 

REACTANCE di::d equa ls t.l1e fi1;ol d ial n.!~aiin~. If 

rile unk nown reacrance i s capaci t ive a nd l a r ic i 11 

1 
Wl1c:11 ., slto, I 1>11s w i r t• lc.-:id 01· IH> Jc;1d i s 11si ·tl, : r 

nwy 1101 b<' possihl<" lo ohl;ii n ;111 i11iti:,I h;il;nlt"<' :1 1 

7.ero al fn•q11c:ncics :ihove 50 Mc. lf ini t ial h;danc<' 

i s 1101 obt:.iinal>lc w i th tile sw i tch .it LOW, switch l<• 

H_l GH and obtai n :rn initi al hal :ince at the l owrst pos 

s rblc RE ACTANCE <li .r l sett ing. T ile mcasurc:d in­

ct_uctivc rcact:111cc i s then the diffc1·cncc bc-twecn 
f111.'.I I :me.I i11iti;il REACTANCE di:il r cacling~divided 

bv the frequency in M c . '· 

8 

111:1g111tmll', 
1

,1_1~· 111, r i;d s, ·_11111,c sh1111ld l>l' 111,,dL" at 

51HHJ oll111s.~ I lic clt:1111.:b 111 1·c:.Hli11,1: nf tllt' IU:.,\CT­

ANCl •: d i :il 1hcn 1·1111:il s S()( l() ,;11111 :-; 111i11us t he f inal 

di:il n .• ,1di11g . 

, .. f)11(' 111 lhl' n1111prc·ssio11 of the HEACT ANCP. 

:;l·:11L- :11 rile l1 igli c11d, 111<· prccisin11 n f 111t•:isurc-

1111·11t wi tll t l11• H l •:,\CT AN< :1•: d i :il i1 1i 1 i :11 IV sc:1 :1 1 SO()() 

111:iv 11ol lie the ltiglws, :111,ii11:il,l c: wli('11 :1 L:1pacitivc.: 

rc:1c:-1:111c1.: that produces :1 dial n.-adin!! di ffcrem:e of 

less than 5000 ohms is llll•;1surcll. I n sucl1 instances, 

;1cc11 racv cnn be i1 11 priJvctl IJy a second n1casu r c ­

mcnt or the circuit . wi1l1 tilt• in it ial HEACTANCE 

setting slightly higher than the tliffc, c-ncc: in rc:ad­

ings nlltaincd in the· first 111casun·111c·n1. Tf the tlc­
s i r etl ini tial r cactuncc scui11g lies in 1!1c range ( sec 

Fig11rf.' (,),ovc1· which i ni iia l ha lance i s ,,.,ssi hl <? w ith 

the sw i tch nt LOW, set 1111.: switch at LOW for 1l1c 

ini tial b.'.llancc . If the desired initial l{EACTANCE 

set ti ng- i s i n t he rnnge ('sec J-'ig11r<: (,) in wh ich no 

i n i t i al ha l :111ce i s possi bl e , sc i the REACTANCE 

d i al near t he lowes t pni11t at which a n ini r in l bal ­

ance is possible with th<' swi1ch a1 II IGII . 
f. The followi11g is ;111,1ilit-r method nf acllil"ving 

tl ie sa 111 c rt..:su l t for c1p:11.:i 1 i vc r cacw ncc s pr 0lluc·­

i11g lcss titan 1000 111!111s di rkrc11c1..·s in 1he IW1\ CT · 

ANCE rc.•;1d ings: , 

(I) Set the RESISTANCE dial l olhc resist.ince 

pr evi1J11sly 1rn.:;1Rurcd (:1s i nd , :il>ovc:) a nd the RF:­
ACT ANCE di :tl 10 1.cn>. 

(:.1) Clil' th(• co11111·c1i ni: ka<I 10 l ilt• unr;ro11111lcd 
1c:rn1i11:tl of ilw 1111~ 111,w11 i111pcdance. 

(:I) Oh1:ii11 ;111 i11i1ial hnl:-incc· w 1lll lilt' swi1ch 

rit LOW. 
( •I) C l ip tllc.· co111wcti11g lead I<> the g r ounded· 

tcrmi11:1l and rt'hal.i11cc wi1h the RESIST1\NC:P aml 

RE1\CTANCE di:!ls. Thc HE ,\CT ANCE dial 1hcn 

re.Jds upscale for capici l ivc reacwnce . and the 

preci s ion o f r t";1di11g i s the sn m c as fo r i nduc tive 

rcoct:111cc:. This nwt liml has the disatlvantage of 

requ i ring two sets r,f ha lances, one to dctcr111i11c the 

res i s tive c0111po11c 111 a11d the otl11.:r to dctc,·mi nc the 

reactive cnmponc:111. 
~- If i t i s 1101 known whe1!Jcr tile re:.ict i vc co111-

po11C'11t or the impC'clancc II) Ill! 111<.:asured i s inuuc­

tive or c:ip;1citivc.1he following procc:clure is hrlr­

ful: 1:or i11 i 1i~1 I IJ:Jl;111et',sct rile switcl1 to I IIGI! and 
1lw Hl.''. ACT 1\NCJ"\ di :il 111 t ill' Jr,wc,;1 :-(·11i 11~ :11 which 

initial li,ll;111t:e is p<1ssil1)(' (norn•:illy 111>1 .,'i-,ov<.: 3-IUU 

1111111:,). Thi :, sr11i1t!'. 1wr111its : 1 ch:111gc in sc.:,ile I c·:id­

i11,1; of lli0011h111s i11d11ct ive 01· :l,l()fl,,l1111s,:;1p:1citivc . 

·2 \Vhf"11 a short llll:, \\'ir<• 11':id nr 110 ll':icl is ust·Ll, it 

tll,I~ 11111 he pn.ssil>ll- to obt:ti 11 :111 i 11i1in l llo l an-:c al 

!'>(HJ() :11 f rcq1w11l·ks ;ilmvc Ill !vie . l11uk•r 1ltcsc con­
dition~, st·t Ilic REA(:T1\NCI·: dial at lht.: hii,.:hc~t sel­

ling .i t wh ic li n11 i11i ri:il h;il;111cc is oh1:1 111;1i,1c. 
C 
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If thc dcIcc Iur scnsi livityisturncddnwn , thisavni l ·· 
abl e react a nee r ange i s suffi cient to indicate t hr. 
apr roxi mate m:.ign i tuue and s i gn o f the unknown re­
a c tan,:e, nr, i f the r cacta ncc ls p;reate1· than t he 
above l i m i ts, t \1e di rcc tlon In which the dia l must 
he turned for a rcact:.incc balance i s i ndicatcJ , anJ 
a new i nitial bolance c an be es tablished accordingly . 

4.3 MEASUH l::M ENT OF UNKNOW N IMPEDANCE 
OUTS0)E DIRECT-HEADING HANGES or l3HlDGE . 
If t.he r esisti ve <Jr reacti ve com po nent o f the un­
known i111ped,111cc fa lls outside of the d irect - read ­
i ng range o f tile b r i clg-c, Indi r ec t measuremenrs can 
be made t hrough t he use of an auxi liary parallel 
capaci tor . When a pure r e ..ictance, jX0 , i s connected 
i n pa r a l lel w i th the unknown i mpedance, 7,x = R x+ 
jXx, and as X0 approaches zero , the effec tive i n ­
put impedance , Zm = Rm + j Xn, , hccom es 

"Shunti ng down·· a l1 i g ll i m pedance with a para lle l 
capac i tor w i l I .i cconli 11gly br i ng e ither or both the 
resi sti ve and reacti ve components w i thi n the 111eas­
urcrne11t r:t11gc- of the bridge. To measu r e .:i l1igh 
i mpeda nce by thi s method, proceed as fol lows: 

:i . CnuncL·I 011c lead of the auxilia1·y capaci tor to 
the ground t.c.: 1·1nin:1l of the unknown impedance, and 
place the other l ead near the ungrounded terrn i nal 
of tJ1e u nk 11own . 

b. Est.1hli,;d1 :1 11 inilial b:i l a1H.:e ,111d ll1easure the 
cap;.ic i t iv(' rc·:ic1 ance (X;i) o f the ,1uxiliL1ry c,qwci­
tor as def>cr i lwd in pa ragTaph 4.2 . 

c. Connect the ungrounded l ead of the auxilioxy 
capac itor to rile ungrounded term inal of the un - , 
known, k<.:cping t he capacitor- lead l e ngth as near 
as possihlc to that used i n the measurement with 
the actual unknown connected. 

cl. Measure' the effective i rnpcd:mce appearing 
acrosH thch ridJ~C 1crn1in::ils, Zm = H.m + jXm , T hen 
ca lcula te !he 1111know11 i111pcllance f ro111 t ile rcla 1i o11~ 

Rx 
I{ Ill 

i\ 
( I) 

ll 111"2. X111 2 
X111 --- ---

Xx = 
X;i Xa 

- ----
/\ 

(2) 

where 

(i ~ n~ 

2 

+ ( ~
111

~ 

2 
A -

X;1 X;i 

9 

Since the auxi.l i;1ry rc.·;Jct :i11cc (X,1) i s L'.Jp;1c1I1vc, 
1lw 111nnber to be i11 ~e rtccl for .\

1 
in equations ( !) 

;ind (2) will he neg:1ti\"C' . T he sign of the effecti ve 
1·eac t::i11cc ( X 111 ) will I<- l"l">i t ive or negative de pend ­
ing on whethe r 1hc llH:·..is11red value i s inductive or 
capac itive. 

The va l llco f rhcauxilinrycapaci tor to he used 
is <',L'1 il y dl'termi ni:d hy cxpcri111c11l. lt should be 
kc-pl reasr111ahl y s n1al l , so that i m pedances to be 
n1c~1surcd ;ire not rc-duccd so fnr that precision u ! 
di,il re,1di 11g is los t. A value between.JS and ZOO ~rp.f 
i s usuall y sat i sf,i crnry . The r es istance (Ra) of the 
auxil i ary cap.-icitor is gt.'ne r al l v negl igible, hut can 
be corrected for as follnws: Sulll1·act from the e f ­
fecti ve r esistance (H n, ) of the p::i r allc l combinatjon 
(caµaci 1or .ind unknown) a r csi s1:111cc 

T he cor r eclf'd v;.rl11c o f l(tll c :111 Illc-11 be substi 1uted 
i n cqllari ons ( I ) :ind (2). For exampl e. if, at a fre ­
quC'ncy fl f 2 Mc, ;111 :1oxili;11·y m i c:1 c;1pac l tor o f ;.rp ­
p r oximatc l y 100 p1tf is used with Lhc short clip leau, 
i ts rcnc1:111c:e silnu ld lw ;1hour 800 ohms, corre ­
sponding to a diffe rc-ncc o f 1600 i n in i t i a l and final -
HEACT /\NCE dia l 1·c;:id i 11gs. Since :in initia l ba l ­
ance cannot.be oilu1incd w i 111 th(· TlEACTANCE di al 
set nt I M lO, the dia l sli,>u ld init i ;:illy be set ,1l the 
l,)wc·s t p1·act ic;:i\ sc tIing ,1 hove ! (100 ,It which in i rial 
ba l ;incc i s pns s ihle. S:1,· rilis turns oul to be 3-HJO, 
w i th tile.- switch sci ;1 1 I IIGI I. The short clip lead i s 
connected to gro1111d ;ind !he inili,d balance i s made. 
Then Ilic cl i p i s co111H·ct c tl to lhf' a11xilia 1·y ccipacl ­
tor ,rnd l l w hr i<igl' i " rl'11al:1nu:d wit.h 1hc IZESlST­
ANCE and RE/\CT/\NCE dials. Tile final readings 
a r c 0.5 nml 1840, r espective l y . Therefore : 

Ra = 0 . 5 o hm 

X,1 
__ ( l 8-10 - 341l0) _ -·--·· .... T' •--- -· - 780 ohms 

Tlic cin.:11it 10 IJL• 111t·:11,11 t1.:d i:c, tlic-11 c,11111L·ctc-d to the 
d ip k;~tl wi1lt 1ilc :111:xiliary cap;-1citor , ;rnd ro tile 
g_rou1_1,\ l >i11d!11~'. ?ls! . _:1_11d 111c lfrid1•.e i s rcbalanccy l . 
11ic f111:1l Hl ·.SlS l /\NCI~ rr-.ithng 1s I I S01ln1s and the 
fin;tl HEAC:TJ\NCl '. rC'nd in)~ i !i 2020. Tllcrdore; 

H i ll ,:- I I S lli ll ll S 

;111, \ 

_ (20'20 - 3400) --
X 111 - -----

2
- - -- - - 690 ohms 

(At· the h igher fn.·()ucncics, 1~m .111d R-i mu:-t he cor -
rect cd for the effec ts o f inducta nce in the RESlST­
ANCE car:1ci1or . RC'fn 10 p;ircigrapll 4.5. ) 
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The correcti on for the rcsis1~111cc.: of Lhc :111x.ili:1ry 

capacitor i s 

= 0_5 69u +. 1,s-. 
( 

'2 ')) 

7802 
(), .J 1Ji111l 

The corrected effccti\/C resistance, H111 ', is tllC'n 

R 111 ' = 115 -0.4 = 114J1ol1111s 

The unknown resisLance and rcactancc a, e calc.:u­

lated from equations (I) and (2) as follows: 

R 111 ' = I I 4.6 oluns 

Xm = - 690 ohms 

Xa = - 780 ohms 

A = /1 - _- 690_\2 + (i [4 . (1\ 
2 

= 
\ I - 780.) - 780) (l.lJ:l~ I 

I 14. (1 
0.0351 

-690 -

-- 3270 nhms 

') 
114. 6-
--=--,su 
----- -
0.0351 

- 1820 ohms 

For 1hi s unk11ow11, sorncwliat grcalL"r ;1cc11r.rcy 

wou.ltl have been obtained i( a 35-µJlf auxiliary cn­

paci tor l1acl been used. 

4.4 L EAD CORRECTIONS. In co11Inw11 will, u tlu.:r 

types of impedance-m easuring equipment, l Ile h1·id.~1.· 

can m ensu r c irnpcdoncc only at ils own t e rminal s . 

The r es idual i mpedances of the connecting leads 

o ften cause 1his impedance ro differ from the im · 

pcd:1nce appearing at the terminal s o f rlle device 

under test. Unde r so111e circumstances, t ile differ ­

ence can be i {!'11orcd and t he measured i11,pcdancc 

taken as rhc i,;pedance of the device under res t , in­
c lm.llng tll<.: l<.:;1\_I:; . !11 111<>::; l i11s 1.i11c.::-s , ho wcvc ,· , t he 

device will nor he 11s('d with the same IC':1d:=; u:-.c'd to 

COlllWCI if (fl lhl' llll';!Slll' illgerjlt i p111t·111, illld i i is ll('L' 

cssar y 1" corn IwI1s:1Ic for the cfft-c t of the k.'.lds In 

ollui,i' the dl':;i1cd im1wdnncc . 1\11 cxal'I corrccli(l 11 

requi I L'S an ;111;.i lysi s as ,1 I 1·,111s111issin11 l ine, and lilt· 

rrocedure is lahoriou:=; ;1mt cun1bcrso111e . Approxi 

mate corrccti ()IIS will 11urmaUy y ield sa tisfactory 

;1ccuracy . 

l11pa r:1g1:iph :1.7 it is noted ! h.tL rhl' lt'11gth;111d 

l ocatio11 o f co1111ccting l eads 10 the unknown impt:d · 

a11cc s hnllld he alLcrcd as l i11 l c a:,:; possible: whc 11 

the clip is sliif1cd for i11ilial and fi11al lia lances . 

This prcc;1111io11 i11surl's 1h31 t he i11cluc1ivc rc:n : 1 -

10 

:till' <• of tit\' i(•.Ids rs Vt'l ~- 111·;J1 l\ t·q 11.il umlt-r rltt' 

two c 1111diIj,111s. ;111d I l1t·1l'fo1\· IilaI if c-:1 11t·<'is , ,ut i11 

tile scries·s111lsIiI11Ii on rroc1·ss. 

I! will lw l'L'lllt ·111hL·1 , ·d tit.it :1 short him wi,·c 

cn1111cction is u:-:c:d fnr i11i I i .. il l>al :111L·t· wltcrc rile un­

known is to ht• con11, ·c tL"d dil'<·cIl\·ht•fwcc11IhL· hridge 

1c1nti11.'.II~ . (Sec 1·1 :111v ">.) T he i 11d11ct ivc: rcac1-

a11cc o f this hus •v 1r1· cn1111, c l inn d11<:s dfl'C t rhe 

mcaSlJremc111 . sinn· it is rL·n11,vL·d .v lu: 11 the u11k11own 

is nw:rsur(;d. The r L·:rct:i net· of I he: bus wi :·e slwuld 

he atltlctl ( l rcac.tnncc:) to the mea:;urc:d rc;icrance 

of 1l1c u11k1111w11. For !'in . :rn bus sire. till' l'<?.Jc t -

:tllL'l' ,11 I J\1 c is ll.I)8 ohm, :tllll is di1 ,·ctl\· p1 opor · 

,, 11,J I lo f rcqu<:'11Cy . T his co1-r1·c1 i on is nq.:ligihle. 

•.:XCL'Jll :11 ltighL'1· frt•1 111t·nc il' S, :111<1 can hL· rC'ducctl 

l o u ncgl~gibk v,rlll (' ;If cill f1·cqUL'IIC.: i l'S by lht' use 

of a wide SI ru p .-at her than a f\:o. 20 hus wire:. 

Thcc:qwci t,H1 c.:c 10 g r ,>1111d nf a co1111ecting lc>at.l 

will c:11Isc 1·1-ror:- in 111t':1s111 c·111c:111 t lwI im;rc~l SL' il S 

rite· fr c:111c11cy is r;li st'<I. '.;illL'L' tlil' C:1J•,1l'i l:111cc.' nf :.i 

co,1m·c1i11g lt·ad l u 1~1ou111I has till' s:11 1tL' dfccl as a 

c;1p,1ci1:111cc d<:lilH·1·a1l'l y 1•1:icc.:d i11 purallcl wi1h the 

u11k11,iwn i n1pcda11t:L', lhL' corrc c ti o11 for its C'ffcc.:1 

c;111 he til'1cr111 i11rd tl11 t'ctlv fr,>111 <'q11:1ti t1ns (I) and 

(2), w iK'I"\_' /,111 ""' H. 111 I j\11; is fil l' 11hsc.:1·vcd i111pl'd· 

:incc.· . .111d Xa 11te rc• ;IcI ;11H.:<': of the lc;id i111pc:cl .1 11ct·. 

If l ht' conn<Tling IC.':tds art· kept ;1[ o rcason:il>lc 

cl 1st;111c e f 10111 111c1 :rl olijvc t:-:, s:1~ an 111clt or more 

.rt rltl' c l os\'s l Jl"i11( . 1\wi;· l',1p,1c i(;1111·c·s ro ground 

;1r,· :1pproxi1naI<.:ly a:-: rqJl11ws : 

' l 't·rm i11:1ls :111d J /2 -in . sp;ic1:r 

Tc:r111i 11:1 l s , I /2. 111. spact· r , ,111cl 

2 · in. /120 l111 .s ,,_., r<· 

Short co11m·t·t ing h•;1d 

L• ,ng- co1111ccl i ng lt'ad 

2 ,{I (l(lf 
'J. .,:; ppf 

:1 S )IJ!f 
H.:l µµf 

Th<.' rcnc 1:1 nccs c.:n r r(·spnnd ing tn 11lcsc.: c;1 poc i 1.1 nccs 

are rlo1tcd in Fi.!!111v , . For c·xa111pl c . if :.i d1 cuit 

is 111cas11 11. d at ., fr,:<1uc,ncy o f .:; M-: wit It rhc s ho rt 

co1111ecti11g lc-:rd (X;1 = HSOO , il11m,). and the dft:c1 ivc 

rcsist;rnce and IT,ll' t;11icc a, e S22 ohms ..Jll<I · 55.q 

ohms, 1-csp<'Ctivcly. the: 1nw l'L·sistani.:e and react 

:111\.:(' o f 1l1L· 111 1k110,w11 1.i 1 cui l . .,;, ,i·, <.:l.'ICU f o ,· 1he.: cf· 

fee l 11f til {' ((';1d c:11 •ac it ;1 11tT . arc· (from l'(Jllali1H1~ I 

.tlld ~!) : 

A ( ) 

'l. S.! 2 
- H SOIi 

I l. CJ•-/ I 

·- ss." -
"I 1'.!. . ).,_ 

·-8.'illil . 

ll. '19 1 
= -:n.4 ohms 

.. 
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Whc11 i 111pcda11ce components a re rncasu red 

outside 1he dirc-c1- rcad ing range of the br idge, no 

lead corrcc1io11s arc neccs~ary. Precautions in 

kn·pi11g 1hc- lc11i;1h and position o f the connecti ng 

le ad as nearly the s ame as possible i nsu1·es con ­

stan t induc I:111cc, whic.: 11 cancels out in the series ­

substitution method; the reactance of the connect­

ing- Lead c:i p::icitancc 10 ground is included In the 
m easured r ·c•Jct ancc (X 3 ) of the parallel capacitor . 

It sho11 ld lie no ted lh:JI lhc f()1-cg11i11g 1rc,11 -

ment of IC',1d co,· rections is npproximate. For in· 

s l ancc, if the induc.: rivc rcncto11cc o f the con11cc1i ng 

lead i s corn p~1 rahl e to the unknown i111J1('Ut1nce, the 

voltage to ground will vary along Lhc lead. Al so, 

the effcc1ive ca11;1cilnnce will nor he 1hc same as it 

is when till · inductive rcactanL'e of 1he l ead i s .s11wll 

cnt11 p,11·cd wi 1h 1he 1111known i111pc-d:111cc . 111 f::i c t. whC'll 

the u11k111 1w11 i111pcd.1 11cc i s 1..crn, 1l1 c effcc livc·cap:t · 

c ltuncc to ,-:rou nd of a connecting- lead will lie on l y 

one thinl of 1he s1atic v;:ilue. In compensation. it 

slloul<l lw 11111ccl 111:11 tJ1c Lower the unknown inqwd­

nncc, 1hc-: l t•1,s Ihc e ffect o f l ead cup;1cirn 11cc . Ob ­

viously. Ihc shoril'r the con11cx: t i11g lead , I hc s 111o1l 

ler will lw 1hc ll':1d c11rrcc1ions . lJ:sc the sho11t·s l 

possible co11nec1i11g lead, thcrcfur-c, especi ally a t 

frequencies abovc 5 Mc. To ai cl in estimating the 

11 

FREQUENCY If-I Mc. 

inductive r cac; t,11lt't' () ) 1111' ll'ad~ 1cl ar ivc to thc u11-

k11own impedance, :qrr11:<i11W t<' induct:incc vn lucs 

.ire a ~ fo llows: 

Shor l lead 
Long l<:: 1d 
2-in . #2() bus wi1 e 
L- in. 1120 bus w i r e· 

0.l4 ph 
0.7l ph 
0.0'25 µh 
Cl.013 µh 

4 .S COIUZECTIONS FOil H l(SLIJU AL 1'1\RAMEll~ RS. 

Frc-qucncy l i1 11 i ts f f •r :11 t 111,11c r-f i11111ctl:.111ct· meas· 

urCllH'lllS arc nL·nrly al ways uc1 e r111ined by rc~id ­

u,il pa1·:11neH:rs in t h<: ::iring nm! in th<.: imJK dance 

clcnwn!S. \\'ll ilc 1hcsc :ire cxtrvmclv s mall i n the 

T ype 1(1()/l- A I~ · F 1l r id1;e . rhcy a 1·t· still large enough 

Lo :Jffl'CI performance ; It 1ht• hight·sl freq11<:ncies and 

((I St'( lhl' li111i1 or 1tfH'J ";)(i1111 .'.lt ;il~HII ()\) Mc. 

Th<" low f 1 l''(t1 <·11cy li111i 1 is dc:1cri11i11cd ily 

f:1c1,lrs 1hal ,.::111sc t ill' lirid1~'-' sc11 sH ivi 1y '" dt·<.:rc~1sc 

al the ltiwer r, ,·11uc 11ci,•~: ,111d hy co11q ,rcssio11 11f the 

H!•:/\CTANCE di:il 1 .ili1>1. 11i1111 . F o r 111,is1 applica· 

rinns. sa ti sf:1cl1)1 y u1w1 ;1li 'ln i s pnss ililc .1 1 frc · 

r111e11c i cs ;is lnw .i :, lllll kc. 

Tht" high • Cr, ·ql11•1H·y li11ii1 is dewrmi11cd by 

I lw i mh1cl :i11c:e in r hr: 11 · :; i s t ;11u.:e c.ip;ici I or , CI . This 

wigfi
Stolen 2 Line Transparent
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f- ig-11 r c R. Multiply ing F;ictor for RESISTANCE l)i~li as a F1111crion o f 17n.'•IU('IIC\' 
and Dial Settini:t (for use wi lh 7 - in, conncc ti 11g Jc-ad). · 

I 
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10 
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rnrnuENGY-IN Mc 

Figutl' 11. Multiplying ractor for Hl-;;SJSTANCE f)ial ;1s ;1 F1111ctio11 u f Frequency 
and Dial Setting (for use with terminals nlonc or with lead less th.in 'l. i nches Ion~). 
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TYPE 1606-A R-F BR IUGE 

inductance u.1IIsl'I- the effect ive capaciwncc lo in · 
crc•asc as Ii1l' frcqt1(· 11c1,1 i s r;iisnl, and Ilwn·fo1·c 
cn1scs rhc di:il rt':1di111: for :i 1iive11 res i s 1:111cc v:11 -
ue to decrease. Correction curve :-; a r e g iven in 
Fig-11r cs S :111d <J. 171c co 1Tcction cu rv(' in l .. i _\: 111(· 1

) 

is t lw actual C<>1Tcc1 i r:rn fo1- i 11duc1a11c c i n Ilic n·­
s i stancc c;1paciIo r, n 11d is valid w hen Ille 11 11k11own 
i s con11ec1cd dirl"ctly ;1 c:ross 1he br idge 1v r 111i 11:ils 
or by rnc,111s of :i co1111cc ting lead less 1ha11 1wo i n ­
c hes in length. When rhe shlrt clip Ic:1d is used nt 

Section 

l1igh fr<'q1w11cies. 1lw .1 h<-;nrpti1>11 n f Ihc IC'ad induct · 
;1I1c1.· in tlH· i11 i Ii:il l1:tl:111lT l ·:tusc c.; ,111 L·rror . w l1i ch 
i s n i1nhill(·<I with l lh· 1·1·sisl:111ct· l.";q1;1cil(II' i 11d 11ct ­
;i110' error in l-'i ::u1, •.). (lkfvr to pa1·agraph 6.2c. ) 
l•nr grC':lll"S I :In.:11 1 :w\ :1 1 rile vxt 11·111<· frcquc ncy · 
l i111its , use :1 shori l1 ·11);1h rif IHI :-' wir1.· in pluct: of 
1111: 7- i11. lc:id SIIJ'l'li('d, 111· Cllll!lC·cl 1hc unknowrt d i ­
r·\'c tl y ;r(' r<>:,s Ilic l>1 idi:c ll"r11ti11:ils. ( lld('r lo pa-.-­
;1graph ,1,2_) 

5 

TYPICA L MEASU REMENT PROC EDUR ES 

5. l GENERAL. The fo l lowinp;proccdurcs aregi vcn 
a.s a guide to Llw pnic t ic:it app licati on of t he bridge . 

5.2 MEASUHEMENT OF A 100 - iJl.tf CAPACITOR 
J\T 500 KC . T ile u11k 11ow11 impedance in this cx:11n­
ple is a sma l l111ica c~1paci tor of good power fac tor . 

a. Connccr the ~:cncr,Hor and clc tcclO r . Assum e 
11lat 1hc shorl c l ip ll'ad 11~1s lx:cn dl1lSC'll for thi s 
mc:1su r cmc11l. Screw Ihc lead i 11to thC:' 11 11k 11ow11 

term i na l , :111<1 clwck for l eakage as our l i ned in paI·­
.:1gi-apl1 J.5. 

b . Fasten one end of the c;ipacitor to the bind ­
ing post, am.l adjust i t s loca ti on so that tile cli p of 
t he connecti ng lt•,Hl c,rn be transfered from the un · 
grounded c::ipacitor lc:1<.1 to the grounded capacitor 
lead wi1h a m i 11in1t1m change in the rosltion of the 
co nnecting lc:nl. (See l .. i,1~ 11 n· S:1.) 

c . Si nce o capacilive rcactance is lo he 111e:1s ­
ured, the RE/\CTANCE dial will re:1d downscale; 
hence it musr in i tially be set al a poi nt higher than 
the expected ch:inge in dial reading. Since here the 
approximale n10gn it 11dc of tJ1e unknown r esi stance 
cnn be estimated from its nomi n.il capac i 1;1ncc, a 
sc.1ri sfactory initial IU::,\CT1\l\'CE dial setting ca11 
he c-;1si ly dc1cr111 incd. T ile 111 1k 1H1w 11 rc:.1cli111cc i 11 
rhis case isalmu t ;noo ol1111s,whi c h cu1-rcs~urit1s to 
a 1600-ohrn ch(111gc i11 d ia l rc;1d i ngs . Thcrcfl) r <.:, 
fro111 1: i!,u1·,· (, , i i c:1I1 Ill' seen tha l 11t,· swi tch 111tI:-:1 
be at HIGH aml the t! i :il :it about tl!c lowc :-: r St'lting 
al which !_xil:inl_.C· is 1H1ssi blc, ahoul 3400oltms. Willi 
the clip lc.:ad co1111cc1cd 10 1hc ground h i 11di11g p,.,:-; I , 
:111d L11e RESISTANCE dial .:ir zero, seI up 1hc i11iti:rl 
lwl:rnce us ing the INITTAL [1ALi\NCEcrn11ro l s . The 
signal slinul tl C1)11ljlll' ! l'll/ tlisaJ'JH.:Dr ;I{ t l1c IJ;1l;111cc 
po-i nl. If if dou; 11l ll, tllC' reason m;1y lie: th:i1 rile 
H.EACTANCE d i nl selling i s too l ow for :i hul;Jncc . 
If th i s is tile case, move to a s lightly higher se1-
ting. 

13 

d . Tra11sfl'1· t he clip r; r the connc:cting lead to 
the 1111grou11d<'d kc1d n f lit<: c:ipnci t1Jr ;1ml 1-clwlancc 
w i th lite IUZSISTt\NCl·'. ;1ml 1{1\/\CT ANCE di,ds. Sup­
pose Ille n .: adi11g-s ~11 c 3.2 01!111s ;ind 1870 oh1n:;, re · 
sp<'cr ivcly. fkfo r<.: t·1>rrec1io11s, tile i ndicat ed rc­
sislancc R111 nm! r c~Ict:111cc Xm are : 

-'<1n -=-
I 871\ - 3-1(1() 

I I .. =i 

e. Si11cc1hefrcq11,:11cy i s vur·y low, the correc­
I in11 fn i· i 11d11cta11cc' in rile R l~SIST/\NCE capacitor 
i ~ ncgligillk . 

f. To corrl'L"l ft11· 1l1c cunnect.ing·lt:ad capuci ­
tancc'to gro1111d, dc l <'l"lllim' f1 on1 l·\!!11rc 7 t llv react· 
once Xa of the sh11r1 C•J 1111ccting l ead at ;,00 kc . It 
is -84 ,000 ohms. Appl )1ing cqu,ll ions (!)and (1): 

A = 

:1. :! 
o.•1n 

=- -3 l80 nl1111~ 

( 
'\ 2 \ /. 

- 8-l.(HJO) ~ IJ.l)27 

-1l)..j8 
----·-
0 .927 
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g . From tlicse 111e,1surements tJ1c capaciwncc 
Cx a nd d issipation fr1ctor Dx ca n he found : 

Cx 
(()2 

= 
wX x 2 rr ·0.5 -J O(> . JIHO 

I 00 ppf 

3 . 4S 
= 318() = ().()0109 

5.3 MEASUREMENT OF ANTENNA IMPEDANCE 
AT1170KC. 

a. Usually ;in antenna te rminal is so l oca ted Lhar 
the bridge c:i1111ot be brought c lose enough to rile 
antenna ter mina l to permit use of the short co nncct ­
i ng lead. Tllercfore , screw the long connecpng lead 
into the ungrounded br idge terminal. 

b. Usi ng the shortes t practi cable l ength of cop­
per srrap, ;: round the br idge case to t ile metal rack 
in which Lhe antcnnn terminal is housed. If the co11 -
11ectio11 w t he g r ou11d c l amp 011 tile case cannot co11-
veni ently bl" m:i<le, loosen !he pnncl and slidl' a 
pkcc of copper fo il i nI0 tile c r ac k bc:lwecn the p;rnd 
and the instrument case. Do not g-round to rnncl 
screw:;, :is ihey 111ay not lie 111nki11g co 11tac1 wilh I Ile 
panel bcc.:iusc ofpafo l. (I f des ired, on unpa i nted I0-
32 screw can be sullstituled for one of the panel 
screws for a ground co1111ect i o11 . ) 

c . Arrange.; I lic connecting lcJd so 1lwL i t ca 11 h e 
c I ipped ro tile a 111 cnIIn terminal or the nca 1·cs1 ground 
point on tile rack wifh as little change in physical 
location as poss i b le . The lead should be kept away 
from 111ct.:il objc-cts throughout its l.engtJ1 . 

d. Connect the g enerator and cte1ectur, and check 
for leakage as outlined in parngraph 3 . . S. F o r best 
results, generator and dctecror shou ld be firrecl 
with cornple1c ly shieklcd coaxi al connectors. 

e. Sincc · tile s ign and magn i tude of the rcact­
a11ce component o r e unknown , ground the connect ­
ing l ead to the rack, set the switch to HIGH, tile 
REACTANCE dial 10 about 3400 o l1ins, and estulJ · 
lish an i ni tin l l>al:111ce using thcJNlTI/\L 13/\Li\NCE 
controls. 

f. Trans fer iii(' co11ttl'Cling- l c:1tl c l ip to lite ;I11-
Lc nna te rminal and n.?b:i l ancc with the RESIST ANCE 
and RE/\CT /\NCE di:ils. Suppose 1hc readings arc 
193 ohml'- 1111d 3250 ohms , respectively . On the;· 
first rne,1surcmcnt it is us unlly des i r able to check 
for lcnbgc w i th Lite ..in1c·1111~1 connected . O i st:oi1-
11ect the gc11cratoI· con x i::il connector and 1)bscrvc 
the si gnal mag11it11de w ith on l y tJ1e ou ter sl11.:•lls of 
the connectors rn.iking contacl. Any s ig11;1l that :q,­
pcars is ~t k:1kJgL' sign:tl. lt cpc.::it this pr ocedure 
wi th t he detcct<w co 1111e cto1·. T ile effec t of leak,igc: 
clct.cctetlc:inbe cs1i111ated byohserval ion o f the:1111-
plitude of 11tc le.:ibge 5ig1wl. i\fler I ccon11cct ing 
rhc generato1· o r de tector, dcrcrmine 1hc shift from 
ba lance of either the RESISTANCE or REACTANCE 

d ial requi l'L'd to produce un u 111J::i l ancE' signal E'fJU;J l 
i 11 a111pli I1l(k- 10 t ltc lc:1k:1gc..' sign:1I. The sh ifl i11 Jia l 
rl'ad i11g i 11 oh111s i s appr11x i111:itc:l v 111<· maximum 
magni !u<k of the crrnr . This mc-r'liqd dues 11nt i11-
d i, :11c I lw di !: I 1 ill11ti rn 1 .,f tlw l'rror ll,·lw<·c-11 the rc­
sis1.111cc..· and n·;IL'l:1IIc..·L· ll l(';tStlt' i'llH'f l[S. 

!' . . 111 lilis flH•:I sllrv11I1·I 1I !lie 1·csi s l a11..:c..• rc,1d i ni-: 
is :ideq 11atcl y p1·1:·c i •s1·, IHt t litl' rcacI:Incc' reading i s 
I1nt ;1~ 11rcTi~:l· :_1s 111ii:l1t Iii' dcsin·d l>cc:iuse o( 

crowd i ng 011 1l1c REACT,\NCE dia I scale. For a 
more prcc is0 r t·actancc 11I1::1s1II· 1·I11c11I, initi,1lly set 
tl1c REACT!\NCE cli:.tl ncnrvr tn 7-LTO, or set the 
REi\CTANCl·: uin l 10 ,.c..:ro ::ind ll;Jla11ce t he bridge 
w i th 1hc a111en11:i co1111cc1ed , u sing the I NIT! AL81\L· 
ANCE con11·ol s . Uthe forlllcr 111cI l1od is ui;ed, set 
i hc REACTi\NCEdial ut;i poi nl slightl,· h igher than 
!he d i ffe rence in l{Ei\CT,\NCE re,1dings lli·e,·iously 
01>1:1ined . Sinc e the tl i fferc11ce w:is 15(1 ohllls, set 
!he s witch to LOW , RE i\CTANCE to 170, l{ESIST­
ANCE IO zcr,1, clip the con1iec1i11g l ent.I 10 ground , 
and set up an initial l1:1 l ;i11cc . Then sl1if1 tlw clip to 
the 0111e 11 11n tcnninn l a 11d r eba lance, using the RE -
SISTANCI~ :1ml HEI\CTAW..:E dials. Su ppose the 
rcadi 111:s ob1:1 i 11ed :t cT 111:J o hms a11L1 10 o h111s, rc­
spt-clivcl~, . lkforc c()J'rt•cI i crns, 1hc i11dic.'.l tcLI re­
sistance R111 :111d r c a c LIIIce Xm arc: 

Hill = 193 o li111s 

X Ill ·-
JO - 170 

I. 17 

If !he la lier llll'!hoil i s 11scd . lc;ivc· lilt' HESIST,\NCE 
dial sci at [ tJ:1 0!1111s, ,111d set the REACT1\NCE di al 
to zero, witlt t l1c s,vitclt ;11 LOW. Lc;1vc the antenna 
connected and set up u11 ini t inl balance usi ng the· 
INITIAL BALANCE con t r o l s. Trn11sfcr1licco nnect­
i11g lead cl ip l0 ground and rchala11ce the bridge 
wirh the HESISTANCI•: and RE ACT!\NCE dia l s. Tile 
RESTSTANCE dia l sl1t ,1dd tTrtd zero ;11 h:ilancc. Sup­
pose 1 ltc HEACTANCE dia I reads 160 ohms. Before 
correct inns , the i11tlic,111•d resi:-; ta11cc H 111 aw.I I·e.1ct ­
n11cc X 111 er rl· : 

0 - I 11n 
X111 - I . 17 

h . F q r 1110!-; t nccu1 at e rcsults.c11rrectio11s mus1 
Ile 111:1dc for effcc1s o f rite co1111r-c li11g -lcatl c::ipaci : 
wncc.• to 1~ro11ml. Frn,11 1:11:111·, · 7. tltc cnr ri:sI»Jmli11g 
react aI1cc (X;i) of I lie l<111g coI11tL'Cl i 11g le:1c.l is - 16 ,400 
:ll ! . 17 Mc. T l1c corrccu:d i111pcd;.1 11ce caII then be 
obt:i inecl from e(Ju:itinns ( 1) a11:I (:!.). 

( 
- 117 \ ~ ( J 9:3 \ 

2 _ 
11 ~ 1 --· =Tfi~.:mn) i -=,r<:ioti} = o.984 t 
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Rx 
19.! 

I W> 0h111s 0:-984 

-137 - J93'L l:.Ll?J.~ 
Xx = - 16,-100 -16 400 = - 1~6 olt111s 

0.98..J 

5.4 MEASUREMENT OF A SU-OHM Lll'!E TEH ­

MINATED IN ITS Cll/\I~/\CTEIUSTIC lMl'l•:[)1\NCE 

AT 50 MC. At very high freque ncies, lead conec · 
ti ons :ire vt:ry imporranl. It i s als,, dt:sirabll', if 
possible, t<J bring- up the outer conductor of rhe co ­

axial line over lhe panel and make contact cilhc.:r 

with the panel directly or wilh a clump placed un· 

deroneof rile panl'I screws . (One of Ihchlac.:k p:rn c l 

screws suppl icd must he replaced with an unpai llled 

10-32 screw for· this application.) 

a. Co1111{'<.: l the generator :incl dc1cctor, rind check 

for leakage u:; outline<.! i n parugraph 3.5. At high 

frequencies, rc-lia bk· 111c::i:-;urcIn<:nl s cannot he n1..idt..: 

unless both the generator anti detector are fitted 

with coaxial connectors. 

b . As indicated in pa ragi:aph .3. 7, either the shorl 

clip lead or a short lengll1 of No. 20 bus wire can 

be used for conncc1.io1110 the unknown. As~umc 1lw1 

the shL1rt clip kad is used fo1· 1 hi,; rncnsI1rcnH·11I . 

Screw the lc:1<l i11 10 til l! 1111g 1·u 1111dcd bridge tcrnlin:11 

::incl clir ii In g-round di rcctly :it 1hc C"nd of the cri • 

axiul line 1111dcr l<'~l. (Sec Fi).!lt11· SI>.) The re.rel 

ancc of anv ground c111111ecno11 used is rhcn·f111·L· ii' 

eluded in the initi:il balanc e and is not me:isurcd Dl:i 

part of rhc unknown. 

c. Since the line is 1erminatcd in its character ­

istic impcdnncc, the measured rcactance will be 

low. Therdore , 1.he REACTANCE dial should ini ­

tially be set in the l owe r pnr t of its range:, s:1y ur 

500 ohms. with the switch at COW. Esra bl ish ini­

tial balance using the INITIAL l3ALANCE cont.-ols. 

cl. Transfer Ilic co1111ccr i11g - l c-ad clip re, the n·n ­
tcr co11ctucIor of rile coaxi:il line and rebalance with 

the l{ESISTANCE and REACTANCE controls . Sup ­

pnsc: Ihc 1c-:1di11gs :tl'l' ·10.5 ohms and .JSO oluns. rc­

spc.·ctivcly. Before corrcct io11s, tl1c indicated rc­

s isto11ce nI11 a11d rL•,1craI1cc XI11 ;1 r c : 

It 111 = 411.S oh111s 

X111 = - :Lo ol1111s 

f.or:1 sliglrtly more precise n::1v1:111cc 1 (';idi11g. re ­

peat the mcasurcmqnt, with the REACTANCE dial 

initially !<C't d0ser to 7.ero. 

c . To corrccl for imloctancc in Lhc rcsi:-;rnnc<· 

capac itor, dt·IL•rndnc from figure R the correcrinn 

15 

r, To ('tit I ( ' l'f 1, , ,· 1111· 1.:;q1;1t:il,IIIL'l' 1(1 g1·01111d o f 

t h<.: cr,111 t<:(·ti11g 11 :rd . dc tc.• 1111i11v f 1· 0111 !·1::1111· 7 1hc 

c,ir1 l'SJH> 111li11i: n·a\'1:111L· c• (X;i) 111 rlu: sl10 ;., clip Jc•:rd 

;J ( SIi Mc . II is x:1x r,li111 s . t\ppl ~ ing l"<jlWtllJI\S (!) 

;111<1(:l)to 1h·Ic1111i1wthl';1c111;ll lin<" i11p11I i111pl'tl.1nce, 

/.x, 

A = ( •l?,8) 2 = 
- 8 :l8 o.9% 

'19.:-: 
O. l/1/(1 

= SO.O oh111s 

..J•) .82 
- :1. (1 - ·.:: ,qji{ 

O.l/% 
= 0 ohms 

g . This cx;1111pl r· is <..: il<:d JS ;111 t·x1rt:111<.: c,1sc , 

in which failure In coI-rc·l:l for the i11tlucu111ce of 1he 

resiswncc caIi:1<..:itor leads ru ;111 error in resist­

ance rneas11remc 11I in rhc- order of 20 percent. 

S.S M l·:ASl IIU(Ml•:f\!T <lF 111\ I.ANC:l·:I) crncurrs. 
ThC' Type 1606- /\ l{-1,. l\ridgev,ill 11c11 111easurl! bal­

anc('(lcirc11ils dir< ·l·tlv. llowC"ver,rhc n1casun.: 111cn1 

can lw made liya11 irnl(r,:1..1 method. In the halanccc.l 

circuit shown in I 1,:1111· 111. 1he following three im ­

pedance 111casurc111c11rs a r e requ i red: 

ZJ = impcdanL C' IH·lw cen A and ground , n 
grounded, 

z2 = i mpccla nt:<: between D a ncl ground, A 
grounded, 

Z3 = in1pcdann· bC'lWCl'll A anti 13 connected 

together and ~round. 

Til e cff c1..·1 i vl' l'Ot11pon<'11ls of lht' hal.:lnccd net­

work can be calt'ul:1ll'd from the fol lowingcquations: 

2'/,'J. 
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If the l ine is cxactl y balanced, ZAc = Zuc HIid 

Z 1 = Zz-

t\11 .iuxi li .1rv 11,· twt,rk to p l ri11it 1l 1rvvI 111L':1,::­
urc111L•nls n In lw :•1111i:1ruL· l c: d . Dl·tail:-- a r l' gi\"Cn in 
the Ccncr:.Jl H.adi () l•::-q1c ri1 i'1L· n tL' r or SL'p1e11 1hcr . J l}.J:2. 

Section 6 

CHECKS AND ADJUSTMENTS 

6.1 RESISTANCI~ C ALU31l t\TION. l f the Irns1sT 
ANCE di,il c;ilibrat i on c hanges sl i gh1 l y ·.v i1h t ime 
or rough us;1ge, 1ri111111er cap,1cit(ll"S CS ;111d C6. 
mounted unde r snar buttons on Ihc p;rncl . c.111 he 
used 10 restore cul i brut ion . C1paci Ior CS, u11Lkr 
the lower snaph11 tlo11 ,adjusts thcilESIST/\NCE d i ;il 
sp,rn with 1he swi tch el l LOW. Capucit or Cf> . under 
the upper s1i;.Ip bu 11 011. aujust ~ the RESISTANCE di.ii 
spunwit.h t he switch at HIGH. T o checkcu li bi"nt ion. 
measure t ile r csis1:1 ncc of u good r -frcsi~1or, 111·cf­
erub l y the corhnn-film rvre, ar I Mc . w irh 1hc switrh 
first sc i at LOW :ind then ..ii lllGll. The mc:.1.su1ccl 
resistances J l lloth swi tch sc-tring-s sh,,1tld 111;1Icl1 

the d - c vuluc within one percent. If they uo not. 
adjust CS and C6. Turning 1hc sc cq .;1citors clnck · 

w i se decre;iscs the di ..il r eadi ng for ;i g'i vcn resist 
ance, and v ice versa . 13e su r e 10 readjust tile i n i · 
rial balance nf1er each :icljustmcnt , :i s tile cap,1ci ­
tors a.ffec t the i nitial bnlnncc as wel l as 11\e: !{E ­
SIST ANCE dial. 

6 .'l COH R. ECTION FOil INDUCTANCE JN RESIST­
ANCE CAPACITOR. The change in d fcctive cnpa 
citance o f the n•sistai1cc capacitor ( refer to par · 
;Jgraph 4.S) is subject to some variaI ion between 
!nstrume111s . The r efore, d i rec t use of the avcr;_1gc 

correction curves of F igures 8 amt ') may lead to 
error in tile i: cs isto11cc measureme11t. Thi~ erro1· 
i s a cons 1a11t fr;1 c ti o11 of the corrcct io11 pcrccIIt:.igv , 
:.1nd ;.imounts t.o 111aximum of ±0.2. Tll;it i s . if rile 
:ivcragc correc t i on fac1or i s, say 1.15 (cor rccti on 
pci·ccntage: l:'i% ) ;_is dc1crmined .fr- om Figur(• l-: o,· 
•J, t lic corrcc1io11 fo ,· any im.lividua l instni111cnt 111~1y 
be from 1.12 to 1. 18. For snwll co1Tccri o11s, such 
dcpartu 1·cs f rom the :.ivcr:1gc :.ire usu:ill y ncgligilile. 
/\1 the l1i ghcs t frcq 11 c 11cics , howcvc1· , they nwy i>e 
l arge enough lo warrant an i 11d i vidu;il chec k 011 tile 

correction curv('s. 

,, . To cl 11·l·k 1lw c 111·vt: s of. 1: 11'.111 , . <I, 11w:1,;11n· :i 

good !1i g ll - frL'q11vncy resisto r , suc l 1 ;1s ;i ca1IH111 · 
compositi,,n 0 1· c:1rbon fi l111 resi s tor . wl1Ut'c re ­
s i stance i s known 10 he 50 ohms . ;1 T\·:w ,-:,--1 \\/ .'>Ill! 
50-ohrn T cr111i 11;1t i o11,o r a Type 874-\VI0() I00-0l 1111 
Coaxial St ;1nd;1nl, ..11 :.1 f requency of 50 Mc wit Ii rile 
sw i tch at LOW. Connccl the r esi stor di rectly across 
the bridge tc,·min,il s o,· use a ve,·y short N0. 2rl 
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i lllS , : i re- }v;Jd . ~11111•··,sc l il(· ll1';;1surl'd l"l'SiSI.JIIC\' 
:111d I-e;Ic1:I11c(· nf ,1 "-11 . ,,l,11, .-c,,i ·,1<11· ,11·c: 

.. (,()( ) 

Sll 
- - I :2 .0 0l1111:; 

Ii . Tile :1c111,il 1Tsis!.11 1\'l: "'st:l'n ·· ll,· Ilic h.-id1~'-' 
is t ile l'fkct ivc: sc 1· ics rl·sis I;111ce of i '1L· J>;i r :illc:1 
co111 l ,i!1;11i1111 of 111<· s 1:111tl:1 1·d 1·L" si,,111r :ind 1l1v cun -
t1t:c1i11g IC':1,I t01':l til:111cc. TIH: cffcc1ivc rcsi sta11cc 

Re is: 

I ( X \ 11 

l(l.' ~ 

1-C{x) 2 ( ~l) f .j ll _H () !1111,, 

X:1 t H.L~ 

(This i s an ; 11,111·,Jxi111:1 t i 1J 11 hcL·:rnsc l i tl ' t ·f fl't· 11,·c• 

rcac1anCL' of rile I (:Si Slo r i !, JS,;l llll('d to h:l\'C :1 I ll")! 

li ~ill lc cffccI . F o1 :1cc11r..111: 1· csults. the ;es·i s I 
:1 1;cc v,JiLIC' sllould Ill)( l ' XL' Cl'd ~.sou f 0 l 1111s. •·. l1cr e f 
i:-; the f1· cquc:nc:..· in nic·g:1cycl<:s .) 

K 
.. \ ') .. ~ 
:17 .7 

1.:n 

c . ThL: currc.:L· li (111 f:ict,,,· ft1r th i s p:11 1icul ;11 i11 -
s rr un 1r: 111 c:111 he· (Jl11:ii11(:,I fo r ;111 y r c:siswnct· se t t inf 

frnrn 1hic: nIIt' IrH•:1s11rt·n1e 111 1li 1·1)u11h rile rela tion: 

H 111. 

H111 
,. f..: 

-vlivrv f i s [IH' rr l·• 111,·11c:~· ill llll".l'.:ll'\' l"ivs . H,11 ' i s t lw 
c rf ect i Vl' rv ,-;i sw 11u· "r 1 l1v u 11kr1ow11 :1 c 1·oss rile hr i dgc 
tc rm i nnls (rh:1 1 is . lilt· d fvc1in• sl'rics resista nce 
o f 1hc p:Hallc l c"1111li11c11i1111 tJ f 1lic unk11own i111pcd­
a11ce ;rnd tlic c:111:1ciIn 11cc of 1hc llricJgc kads anu 
t (' n11in:1ll, ond H 171 is the- rcsiswncc read from the 
RES ISTANCP. dia l. T lwrc·fori:· : 

4 
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/\ 
K - J 

(H 111 + 560) r2 

A compl crl' set of curves can 110,-: he cl 1·,1wn 

for ihc pa rticul.1 r i11st rn111c•nr , l'itlwr lly c11111I>11t .. I ­

ti u11 (lf points fi-,111 1 l 'quaIio11 (:I), or hy fi11<.l i11g tliv 
freciuency al which I he avcr.'.lgc correc t ion of Fi;•, · 
1111..· '/:1grces with Il ic <>hs<:rvetlcorrcction .ind11111I· 
tiplyi11g nll f rcquc·nciC's by r lic r;1tio 0f th i s frcquc•11cy 
to tlic me:1surcn1c11t f1·cquc11cy . 

Assu111e that, for a 100-ohm resistor a t SC 
Mc, K i s found tn h(' 1.31. FigI1I·c 'I sl1ows J co1-
rccIio11 fac tor of 1.:31 at nliout 48 Mc,for·(l 77-olun 
i11d i cated resistance. lf all frequencies are 1nulti ­
plicd by tile ratio 4R/SU or 0 . 96, tile c ur ve cif Fig­
ure q may hE' used directly, or a new set of curves 
may be clraw 11 with ,l corrccr frequency sc:.ilc . 

cl. To ,·h,,ck 1l1c ,·1111'L' " o f l7iFu re 8 . wli i cll .1rv 
valid when rhc shor t c lip Le.'.lcl i s used, 1hc s;1rnc 
procedure C.'.\11 llt.: used, except that the c li p l ead 
must be usl·d for Il1c councction to the unk11ow11 . 

R in' 

= K = I ➔ 13 (R + 390) r2 
1{111 m 

.:ind f3 = 
K - 1 

This c-xprcssio11 ;111d the K factor diffe r from t lm,.;c 
r cquirl•d f,n th,· hus wire co1111ccti,.111 in 111;11 tli<'y 
include an C'f fccl nf t ile ]{;ad inducIa11<.:c not consid­

ered in the iv:1d cn1T\"1: t ions. Witl1 I1tc t(·r111i11;ds 
alone or ;1 vcrv shor t l<':1d, this effect is m·g l i g ihlc. 

but it is significa nt wltcn t he shol'tclip lead is used . 

6.3 HE/\CT/\NCI ·: C/\LlLIR1\TION. The c,1lih1 ,1 1i<) 11 
of I\lc !lEACT1\NCE d i ,11 i :; difficu l1 10 check ,ic -

17 

c11 r:i1 el\ , tl 11c '" ll w 1111;11·ailabil11~, qf c;..1p;1ci tancc 
sta11d,1rds tk1t :.ire l'('lic1ble wl,, II l!H.>LIIIIC'cl on the 
liridgL' l ('r111 i 11:rl:,; . l lt11rcvcr. r11u_i~l1 ched;s can he 
111:idc: : 1,.; f0 l lo ·.\'s : 

,1. Set liiL· s.•.-itcl 1 In LO\\', Il 11,· l{E /\CT1\NCL di .ii 
' " i t ,.; l"w ,·m l . a11d l1. 1l:i11,·,, :1t I !\le wi1l1 thl' c lip lc;1d 

!', rou11tlL·• I. 
Ii . M"vv tlll' I\ 1·:,\C.:Ti\Nt:1•: di: 1 I 1111,,c.i!t· ;1111 [ 1 ry 11, 

()i,1;1i11 ;111otllc1· 1111 11. lf tile di;il i~ 11r opcrlv orientcd 
wit h the vari; 11ilc c 1p:1citor. no <>lhcr 1n;II w ill he 
fn1111d . 

c . Set the swi I cil In l llGl l.thc 11.Ei\CT,\NCEdi;il 
l o its 111;1xi11111111 c111111 t<'rclol·b,·is<· position (lii.~h cntl 
11f di;il ) . :111d li:!1;111\'c tli<· hrid,1:t•. 

Li . 1\g;li11 l fJ()k 1°0 1 :1 11,,tllc-1 1nill . Nu 1,ull sliou!..I 
he- fo1111cl . s ince, if 11ri1·11t:1I i11 u is cor r ecr. 1he var i · 
; d i!(' cq•t1L· i1rJ1· w ill rr;ivcl sli1 •,llIly less 1li:.i11 from 
its rn:1xi11H1m 10 it s 111i11i111u111 c;q 1:1ci t. ;111cc wl1cn the 
•i ill is rot;11ctl frn1n 1111c stop In Ille 01lie1·. If tw11 

11ulls :ire; found . rlw di :il I1;.is pr,1l1;1l>lv slipJH.:d and 
slwul tl be 1 c;itl_iustctl . T rJ rc:1djus1 1 he tlia l. remove 
tlic di;ll C1JvcI·, lor,sc.:11 I1ic rwo ~ct ~crews locking 
t he d inl huh 10 1111· sli:ift, ro1:It t· 1lw tli ,1 1 with rc­
spcCI to tile shaft, :J11d I i1:h tc11 t he sci scn·ws. 

l' . llC'peat I1\c sc,1rch ror two nu l ls and readjust 
t he unil until only 0111: 11ult iS fquml in each case . 

Fo1· a 1110n: :Iccur;It<: check.1m·asurE' the re­

;1l·t:111cc ,if sl'vcr;1l s il,·t•1· 111iL·a c:1p:.1eilo1· s ,ii l l\k, 
,111tl cornp;irc 111 ,· c:rp:1,itam: c calcuL1 rctl from 1he 

111c,1s11n·d rc:1c1:111c<' (C -:: __ I_ __ ) ,·.'itll the nominal 
:2nfX 

c.1p,1 ci1:111(' <• 1>f !lit· c;ip:1l·iI 0 1· 111f':1,.;urcd. fk sure to 
[ ;1 k c i11ru :reco unt 1lic: bridge lead capacitor when 
111 ;_ik i11r, 1!ic comp;_iris, 1 11 . 

/\110Il1er 111<'thotl is t1l measure a c;_ip.ic itur 

(-1'10111. ! 'iO p1.1f) wh< ,sc c;ip:1cit:111cl' i s not ;1cc11r::i I cly 
known. w i1 l1 the !°1.1·: 1\CT,\NCE di .J I set at 3400, ,ind 
ag,1i11 :.' ith the dial aI SOOO. I( Ilic ca lib ra tion i s 
correct .'.11\d till' <li;.1 I i •; 11ro1H·rl v r,ricntt·d with re­
s11,-,·1 ro the- c.'lp:1c i1 r, 1· . Ilic ll1C'~I,-;11 , eel 1·e:1cw11cc w i ll 
hv 1! 11· sa11,c fr1r all l li1·cl.' 111e ,11-ure111<:11ts. The most 
l ike-I v caw;l' o f :1 c lw11.1:c in the llEACT,'\NCE di.ii 

cali li ratio11 i s sl i pp,,g<' of llir lluh 011 tltci lii :tl or one 
o f 111(' .::i:· :1r :-: c:n 1scd ily l11osc se t screws. After lo­
carin.t: :111d 1i i~ l11<•11in1: 1l1c ! nose $Cl scrc·.vs, check 
.iml :1dj11sr r ile- d i ;il ;1s <ll•,.;cribvd ;1'1ovr: . 

wigfi
Stolen 2 Line Transparent
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Section 7 

SERVICE AND MAINTENANCE 

7. I GENERAL. The two-year wa rnrnty given wllll 
every General Radio instrume nt attests the quality 
of materials and workmanship in our products. 
When difficulties do occur, our service engineers 
will assist in any way possible. 

In case of difficulties that cannot be eliminated 
by the use of .these service instructions, please 
write or phone our Service Department, giving full 
information of the trouble and of steps taken to rem­
edy it. De sure to mention the serial and type num­
bers of the instrument. 

Before returning an instrument to General Ra­
dio for service, please write to our Service Depart­
ment or nearest district office (see back cover), 
requesting a Returned Material Tag. Use of this 
tag will Insure proper handling and identification. 
For instruments not covered by the warranty, a 
purchase order should be forwarded to avoid un­
necessary delay. 

7 .2 SERVICE. 

7.2.l TROUBLESHOOTING. The Type 1606-A is 
a relatively simple instrument, and visual inspec ­
tion wi 11 locate most troubles that may be encoun -
tered. 'T11e trouble- shooting chart (page I 9) Lists 
some troubles that may occur , and corrective meas ­
ures . 

7.2.2 DISASSEMOLY OF RESISTANCE DIAL. 

NOTE 

Do not remove tlie RESISTANCE dial itscJr 
unless :i)lsolulel y necessc1ry, for once it is 
removed it is diffi'cult to replace it without 
loss of calibration. 

a. Remove cover (ro111 pnnel by removing two 
screws and lockwashcrs, below and lo tile r ight ;1nd 
left of tile sh:1f1. ope11i ng. This 111:iy lie done with ­
out da11ger to cal il>u11i o11, a::; 111ay steps Ii ;111d c. 

b. Remove tl1c k11uh and plote frolll the covcd>y 
removing two screws and lockwashers from the 
plat~. 

c. To scpar:.i1c knob ancl plate, remo ve two set 
screws f,·om the knoll. 

cl. To remove internal ring ge<1r :ind tlial, re­
move tliree screws from stop pl ate . 

18 

c. The hub is co1111cctcd to I he ca p:ic i tor shaft 
by 111e,J11s of set screws, tl1rougli an intermediate 
insulating hushing . The hub is electrica lly ground· 
cd lo the p:111el b y th1·ce flat spri1Igs between rlie 
h:ick of the hub nnd lhe 11a11el. 

7.2.3 RECALll3RATJON AND REASSEMBLY OF 10:> 
$!STANCE Ol(IL. If tl1c di:11 lws been moved or Ihe 
cal ibrat4on losr, rec:ilibr(ite by rneasuri ng the re· 
sistance (:H any f requency below one megacycle) o f 
various cr>n1positio11 resistors whose d·c resis t· 
,rnces are:.· accurutcly known. Tl1c measured re­
sistance: of each resistor c·r1uJls its cl·c resistance. 
When replacing LhcdiJl,adjust 11ic sIops on tile gear 
drive before recalibration, so that they operate 
sl ightly before the cap,1c i tor reaches the huilt·in 
stop at minimum capJcitancc or tJ1e zero end of the 
dial. To make this adjusl!nent, reorient the gear 
d rivc,or,i f nccess:iry,looscn the set screwsllolu­
i 11g tl1e huh to the shaft :111d rotate t ile slwh . The 
,,1·1 screws :ire lwhi11d 1hc 1unvl ;1 1 thl' ll;1s1· nf Jill' 

l1ul, . 

To l"L•a ssc:111hlc, si mply l"l'Vc:rse th<.: di::;as­
.scmbly procedure (p;1 ragraph 7 .2 .2). The: cover , 
plate, and knob c:i 11 he assembled and then mounted 
.is a unit on tile di;il. 

7 .2,4 REACTANCE l)l,\L. 

NOTE 

Do nnt rc111nvc1he REACT:\NCE dial 1111le::;s 
ii i s al>~o·l111ch· lll"C'l'Ss,ny, fur 011cc it i::; re· 
moved it is difficult ro replace ir without loss 
o f calibrat·ion, 

The REACT/\NCE dial lias a g-car drive similar to 
that used on t l!c r~ ESIST /\NCE dia l. However, the 
dial itself c.1111101 lie removed without removal of 
L11e l1ull, wilicl1 is Sl'C:11rcd LO the shaft hy set screws. 
No grounding sp1· ing is n :.·quin:J. 

If Ilic dial is d~1t11:1gcd. 1·11py 1hc 1.:nlil>n1tio11 
011 :1 IIcw di:il :ind set Ihc 11ew dial 0 11 the :,;ll.ift as 

· described in parc11~raph 6 . .1. Tile same procedure 
c-:111 he followed if till! di,d has bee n 1·e111ovcd or if 
the sci screws hav,: s lipped. [f Ille calibr:itilrn is 
,-,,111pk1cly los t, ,·,,uglily c:ilibratc the: 11~w dial by 
,11eas11ring I1\c rc,1l·tancl· uf severa l s ilver - mica 
cap.:iciror·s (:lCl 10 .11)()() 1111f) nl l Mc. Tht:!i r approx-
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imate reactances can be comrutcd from their norn-
1 

inal capacitances: X = --. Install and adjust the 

When r eplac ing the shic!Js, pass rile lc:.id to R3 
through Lhe grom met hole in t.he shield by solder ­
ing n six-inch length of smaU-cliametcr bus wire 
ti, the end of the le:1d, th read ing the small wire 
through the grommet, and drawing the lead through 
as the shield is slipped in place. 

21rfC 

dial as ou tlined in paragraph 6.J, .Jll(J arbi trarily 
set the zero point near the left -ha ncl end of the r ::i nge. 
To deter111ine the po int corresponding rn tile rc­
actance of each qpaciro r measured, initially set 
the REACTANCE dial to zero, make the initi:il lx!l-· 
ance with the cl ip lead connected to the capacitor, 
and make the final balance with the clir le::id con­
nected to ground .. The final setting in each case 
equa lstl1ereactance ofthecapaciwrand lead meas­
ured. Several po ints can be determined and m arked 
on the di al. The dial Is approximately linear in 
measured capaci tance, and a curve can be drawn 
by means of the mcosured points ::ind the inter­
medi ate points determined. 

7.2 .6 REMOVAL OF TIIE TliANSFORMER . The 
t r ansformer and the: panel connector :1 n .: p<:rman .. 
e11tly fostencd toge ther, and the pa nel cunncctor 
must be removed before the transformer. The oute r 
s hic:ld ;i i-ou11d the rcacwnce: capacitor 111ust be par ­
tiu ll y relllovcd in 01-dc r to di scon nccc the trans­
former seconclo ry lead. Unsolder the ce ntc r con -
ductor of the second;:iry line and remove.: the 11ut 
securing the coaxial fiu ing to thC' 1/ 4 - inch aluminum 
base pl:i1e. The transformer it self i s mounted to 

the rancl hy four screws whose heads appear on the 
fronr of the pa nel . 

7.2 . 5 REMOVAL OF SHIELDS FROM C3 AND C4. 
There are three nesting shields aTound capacitors 
C3 and C-1. They art fastened to I /4-inch alumi -
nurn base pl ates by 6-32 screws at the ends near­
est the panel. To remove the outer shield, unsolder 
the lead to R3 and disconnect the scraps between 
S1 and the shi eld and between Cl and the shield. 
Do not apply any more_ heat. than neces~y to R3. 

7.2.7 SPLIT GEARS. If rile spli tgc ::irs arc remov­
ed, !hey should lie reasscmhlt:d with t he upper· and 
lower sections off:;N whC'n geurs arc meshed, to 
provide the spring pressur·e to e li m i nate backlash. 
The spr i ngs should he cxtcn'<lcd two to three full 
teet.h on the la rgc gears and compressed 1-1/2 to 
two teeth on t.he small gears. 

Trouble 

No sign(!] 

Low sens itivity 

No baln11cc obwinable 

Rc,-;i ,-;1a 11c(• <.llnl cal i l11·:11ion 

rC'nd~ :i l,0111 Lil?(, low 

lnlll:il·ll:il:i1u.:c :1dj\1~1111c111 
rill\,-!C sltift t1cl 

lladla~h in dials or controls 

JJrld~f' hrd:1oc<.· c.:hau~ies :is 

bridge or va rious pan:> 
of circu it are touched. 

TROUBLE-SHOOTING CIIART 

Acclon ur Prob.ihl e Cause 

a . Check generator anJ d1.:1 ,·t·111r connt'Ction~. 
h. Check genC'rator :ind dl'lt:<.·tor operation hy lt)o:,c ly c·o11pling gcnL'ra1 u1· to df:'tccto r 

or by con.nectJng a voltmeter to bridge end uf c-ahle fro m generator . 
c. Check frequency band and serting o f genenn or and detector . 

a . Check c,1bles fo.r s hort or open ci rcu it. 
b . Check generator output. 
c . Check detector sensitivity and tuning . 
d. Check bridge c i rcuit for shorts. 
e . Check transformer by connecting a voltmeter aero:;:; unknown terminals. Diffe r­

ence between gcnera1or volrnge and ln<licarcd vol tage will vary with frequency. 
At I Mc. indicated vol tage should be ~ t le.1st one third of generator voltJgc. 

a . Clip lead not connected 10 ground. 
b . Rcnc1ancc d ia l set nt point whl:re bal;rnce ca ,1111Jt he obtained. (See Figure 5.) 
c . HIGH-LOW switch a t wrong position. 
d. Unknown Impedance beyqnd tlirec t -readi ng ran!!e of ins t rumen1. 
e . Resi;;tance dial not at zero for initial balance. 
f. Lead brtwecn R4 and ungro1mdcd rermi nal on p:rnel broken or disconnected. 
g . Ont: uf res lst,)rs in bridge burned out. 
h. Shon circuit In a capacitor. 

C;ap:u; iLnr C7 open or disc,111ncc ((:d. 

1-.oosc.· co1111<'ctton o r r,nllry rc~i~tor 111 b1 hlfC. 

l\cststors shlfted i11 va lue . Check d -c res isw11ccs. 

Check all set scn,ws on shafts. 

Le:ikac:e ts presci,1. Rt:fc-1· to p~nig1·.1ph 1.S. 
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PARTS LIST 

NAME AND OESCRlPTION 

CAPACITOR, VARIAIJLE, AIR DlELECTHIC, platC'··meshing ty11c . :!(I ppf rnin, 
220 l'l'r rnax, special ca pacity tun i ng ch:irncr,, ri s tic, 1000 v a-c peJs: vol t ­
age, shaft adj ustment, 270 tleg cw rotation of plates. Furnlshctl unly a~ 
complete assembly. General Radio Co. l'art i':P. ll'JI r, - o:1011. 

CAPACITOR, VAR!ARLE, AIR DIELECTRIC. pl:i1e-1nc~h!ng 11·p<' , SS l'l'f m:,x, 
snalght l ine c"pacity 1u11l11g ch:iracterl,itlc, 1000 v a · r: pe;r~ ,·nlt og(•, shaft 
adjustment, 360 deg co11ti1111ous rotation, Gene,·al R:tcllo Cn. l'nrt No. 1-1 .' 11· 
406\J 

CAPACITOR, VARIADLE, AlR O!ELECTfllC, plate-111cshl11g type , 25 l'lif 111111, 
220 ppf m a x , straight line capacity tunl11g charact e r istic, 100() ,. a·c pe:ik 
vo ltage, extension shaft adj us t ment, 180 deg ccw r otat ion, Gt·neral Radlo 
Co. Part No. 14'20-4050 . 

1----1--------------------- - --- . 
C 4 CAPACITOR, VARI ABLE, AlR DIE L ECTRIC, plate - 1ncshing rypc, 25 ppf rni 11, 

220 ppf max, straight l ine capacity tuning cha r acteri stic, 1000 v a-c peak 
vol tage, extension s haft adjustment, 360 deg conti nuou s rotation. Ge ne ral 
Radio Co. Part No. l420-4tJ.II). 

1-------------------------------· ----- . ··-- . --- --
C5 CAPACITOR, VARI AULE, AlR DIELECTRIC, concentric type, J 11pf min . 12 p11f 

max, stra.Jght line capac ity tun.ing characteristic, 350 v a c breoktl<iw11 t est 

volt.age, screw-d1· iver adj usnnent, General Ratlio Co. Pan No . 4:l81J-1611fl 
f-- --+---------------------- -·- . -· - -· . .. 

C6 Same as CS. 

f----+----------------- ·-··- -- ·· . - - - .. 
C7 

JI 

J2 

J3 

. R J 

CAPACITOR, FIXED, MJCA Dll~Ll':CTRIC , IS 111 1f :':l<YX, tnlcr.111<.:1' , SOIi dew,·. 
Gencr:tl l~adio Co. Part Nn. ~•1:w-1 <,Oil . 

CONNECTOH , R ECEPTACLE, ha11a11a and bi11cli11g·post typ" , 1101 polarlz("t\,· 
General Radio Co. Pan No. ~()(,0- I RIIO. 

CONNECTOR. COAXIAL, General RJtlio Co. Part Nn. IIS7 1- l'.'.:I.'. 

L:ONN l·:CTOH. COJ\X I1\L, Gc11c ral Il :uliu Co. l\trl No. ll.~7-1- •ISO I. 

RESISTOR, F IXED, FILM, 220 ohm.s ±1% tolerance, not· tapped . 
1/ 2 watt power dissipation, Ge neral fl.;idi<> Co. Part No. 6:lStHl.l.~ll 

1--------------------·- · -·-· -· ·- · 
R2 RESL5TOR, r!XED, FILM, 90 ohms :!. l %tolcrancc, not tapped. 

1/2 watt power di,-:sipo1io11 . Ce1,c1·;:d 1\adio (:,. _ !'a n N ... 6:\,(1-'l•ill(\. 

.,_ __ _,__ -
R3 

R4 

RESISTOR, r-IXED , WIRE WOUND, 330 oh111s, ±1% to lcr:111ce, l/•1 wnn powl' r 
d i ssipation, not tapped, Gcnc n, I Radio Co. Pa r t Ne.,. I (,or, -:lll-11!. 

RESISTOR, FIXED, COMPOSITION, 390 ohms, ±5% tolerance , no t t:1ppcd. 
1/ 2 watt power diss ipation, JAN l~C20llF39lJ , Allewflradky C". Part No . 
{, j 00- 1 :19", 

f----- · · ·-·•-·-· ..... -- . ··- . ---- · - ·•-·--- .... ·-·-

S I 

T l 

SWlTCII , KNlf-E, Genera l Rmllo Par t No. P l60(>-:l7 (ca1111ot he Installed r,s 
:1 uni t , but Is m ade up of 8(•parate clement s). 

TRANSFORMER , RADIO- FREQUENCY, 2 windings single-1:,yer wnun<l; 
l111.h1ctaJ1ce, primary and secondary: 25 p it a t JOO kc: tu rns an<.! wl re 
s i,.r, prima r y and seconcla1 y: 2 rums No . 28 AWG enamel copper win•; 
d-c resis tance: p1·Jmary 0.108 ohm, secondary 0 .053 011111: not tapped . 

~ --- ...______!10 ndjusta.ble tuning •. General Racllo _Co . -~a_:t -~o. 16()/',-l\:l'.W 
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TYPE 1606-A R-F BRIDGE 

Cl 

Figure 11. lm e r io r View of Type 1606-A R-F Bridge. 
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Figure 12. Schcrnutic Diug r-1 111 of Type 1606-A R-F Bridge. 
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APPfNDIX A 

HETERODYNE NULL DETECTORS 
l'hr<:c cx I n.,,nc lv s<:11s;i 1 ive riu ll (){.!r,.,c1ors s 1>cc·i­

ficaJly tailored for use wirh the Type 1606 - i\ R-F 
Br idge ,:n-e desc ri bed be low . Eac h is o compl<:tc.: lie1 -
ernllync receiver w i 1h exccJlc111 lla r111onic r ejcc1 ion 
and consists o f a merc nxl · crysIal mixer, amplifying 
i ndicaror, local osc ilia tor. I U-dl3 pad. nec css.i ry power 
supplies, ancl GR874 coaxial interconnccling <:lc 111t•11Is. 

C:u11q 11·v ill•J\,-:ivv d -.; (11 vld i11 ~ ( i11dudi11g JJ S l' o f 

j, ,ck in,l; C l{87•! ,·.,1111t·, ·1<1 r s ) 111.i k~·s tiles<: t k-r <:clurs 
s11 ir;ilil (• fo r l11w-lt.:vcl 111<'.IS JJr<:r11c1JI S, cv<.- 11 in Ih<: 
pres L·11u .: of iligh - lt:vd ex1crnal !-' l _l:11.11 ,-: . Fn 1· 111I,rc 
d<:1;1il ,'.d lksc r i 1l1io 11s . Sl' l° C e 11c r cil l{adi 1, l ixpc r i 111c:111er . 
IJ<:cemhe r 19(,:l. 

Type DNT-5 HETERODYNE DETECTOR 

COMPONENTS 
Type 123 2-i\ Tuned Amplifier and Null Dctccto1· 
Tyre 1210 - C Unir RC Osci l la1or 
Type 1203 - [l Unit Power Supply 
Type 12:32 - 1'1 RP Mixer 
Type 874-GIUL Pixed Attenuator 

SPECIFICAT IONS 
Frequency Range: 70 kc/s to 500 kc/s. 
lntenneuiate Fr uenc : 20 kc/s. 
13andwidth: 0 .. 8 kc s. 
Sensitivity: Better than 1 µV (above 100 kc/s). 
Input Impedance : Approximat~Jy 200 ohms. 
Amplifier Gain: l OU dB. 

·"' ..,,, ..... 

~~\-

Type DNT-6 HETERODYNE DETECTOR 

COMPONENTS 

Type 1232-A Tuned Amplifier and Null Dc1ecto r 
Ty.pe 1211-C Unit Oscillator 
Type 1269 - A Un i t Power Supply 
Type 1232- l'l RF Mixer 
Type 874-GlOL Fixed Atrenuator 

SPECIFICATIONS 
F,-equcncv l<.ange: SOU kc/s to 10 Mc/s . 
Intermediate Frequency : 100 kc /s. 
Rrndwiuth : llJ kc/s . 
Sensi t ivity : 13ctter than 0 .65 pV. 
Input lmpe~ance: Approximately 200 ohms. 
i\111plifie1· Gain : 100 c!IJ. 
Scale Compression : Full-scale sensitivity can lie 
reduced 40 dB with no effect on lower 20% of scale . 

Type DNT-7 HETERODYNE DETECTOR 

COMPONENTS 

Type I21 2 -A Unit Null Dctec ror 
Type I 2J 2-P.1 RF M ixer 
Type 121.1 -C Un it 0:-;ci l lalor 
Type 1'269- i\ Unit Power Supply 
Type 1203 - ll Unit l'owcr Supply 
Type 874-GI0L Fixed ,\11cnu,1 t<ir 

SPECIFICATIONS 

Frcqul'11cy l\~S:..: :1 10 SO Mc/:-;. 
Sensitivi ty : (Open-circuit voltage (ron1 SO-ohm 
source, equivalE!nr 10 noise level) 10 pV from 3 
to 5 Mc / s, Ii pV It> :=i(J !\le /s (typic al). 
l ntc-rn1ediatc Frequency : l Mc/s. 
Bandwidth: 25 kc/s . 
lnpur !111 pcd:111,e: :wo ohms (~1pproxim;11cly). 

f\:()TJ: 

1: or np<:r;!I i llll ;i ilnve ", (l i\ k /s , s1.1hs1i I u Ic.: 
!ht.· ·1\-pv 1:2 I .'i-I· f•11 I1tc l•H .:t l .,..,,.-i lla1 ,.n 
ill 1he ' I )'IW l ) ,\;'J'-7 " ' •< I t'll' . ( )1hL' .- h~•l(' t" ­

od,·11c d c lt•t.· J,l r-.; ;1,·;1 i l;ihk :ire tltt:: TqlC-!-' 
))NT- I :ind - 2 f11 r "IH·r;11 ion :i bnv(• -Ill /\ic/s . 

f 
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-----

Se11sit1vi1y (opc11-c i,cui1 vol togc 

r,om 50-ohni source, rcH 1°~ mclC( 

Jcllcct,on) vs loc<1l-oscillolo1 

d ri ve for the Type DNT-7 de­

tector system. 

,- ~~~--
Of>l1M..M 

,o . ' --· • --· 1...,,,).1~··· . 200 
I ~ •· I IMUM ~T ·- - - - - - - •. 

~ J O - --- -- --· 

; 08 - - - -+-1C-- t - - - -
:. 0'1 

~06 - --_;.-
~ 0) - - ' 

SJ-"L CUfi,cr,'4?• 
100· •, l·f 

100 

"' 
~ '° 

lll•l(Al I 
02 1-· 

$PfC1fKATION 
S(t•St l'1V1TV 
1'PICAL 

.'O·•,c; ,-( OPfAAlDOt~ - 1QQ•\( 1- I OPCnArKlh--

l
··· i · 1 . . ·- -- ·-ii·· -1·_· ·1_--__ · 

01 -- -·-·-· _j_ ___ .....__..J.........J.._ 
:IOH,~ 70 100 1~0 200 ».> :.00 100 1,-.c,, 2 l 7 

,cr->'t.AAfOR ftcfWllfC'I' 

40 

,0 

1.9 

10 

Detector ,ensitivily (open-circuit voltage from 50-ohm 

source, equivolellf lo noise l evel) and locol -oscillotor 

drive vs signal frequency far T ype DNT-5 (left) and 

Type DNT-6 (right). 

APPENDIX B 

GENERA TOR VOLT AGE LIMITS 

The maxi111t1111 g-cnt;r:ilttr v1,lrag<.! Ihar can he 
safely ap11J i t;d 10 lhc llridgc v:Hics with frequency 
J11J wiI1i I1ie sett ing of 11ic II ICII -LOW switch. 
Tlw fi~ure shows tile linii1s undvr various condi­
tiuns. In i.lllll'Jlll;.J 111C~ISllrClllClllS, 1hc noise and 
spuriuus s ign:lls pid:ed up lly 111c antl!nu;_i under 
l<..'SI can cause u sisnificu111 !Jruadening uf the null. 
In i ns1~1 nccs wile rv t lie nui SL! pi d:up i s ohjc:ct ionahl c:, 
,1 11 1111pruV<.: llll!llt ea11 o fl <.:ll IH.: lllH:Jllll!J if tile.: gene-

rator and detector connections to rile bridge are 
i111erchanged (generator µJugged into DETECTOR 
connector and detectvr plugged into GENERATOR 
conn_ecror ). lf the results a re still unsatisfactory, 
a more selec1ivc clctecmr should be used or the 
gcneraror volragc should be i ncreased. As seen 
in 1he figure, considerably higher voltages can be 
app l ied 10 the bridge when rile generator and de­
tcclor connections are interchanged. 

o--· --- ------ ---- ----r-
I I l ' \ 

60 

\\ I G£NJRAT~RIANO \ DETECTOR INTERCHANGED 

I ·\'~::t:L (GEN. CONNECTED TO BRIDGE 
,( -·---·· 

0'---·---
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1f 3 
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d o - - - ··-->2 
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~ 
':, 
§? 
er: 

t a: 
w 
z 
'-'' 
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0 .. -(.:> 0 I 
X 
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-

·-

-

I 0 """' ·onmoe"J , v· 
\ \1 
. .\. f---\-::. \~ ,s. '\ f ,~ 

0-- - \~ 
"""' ,~ '< ~ '<O ' 
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-·--;-1 I I -··1 --1--·- ---- ...._'It, .. • , -
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.. 

' ' 
t rl · l i---

....... ....... 
SWllCH SET TO HIGH - ..... _-c::"""'_ ---- -~ ... ·-· - --- - . .. .. -

·- ----- - -·- -· -· --- -· 
10 

FREOUE NCY ·· MC 

GencHHOr vol109e limits wi1h normal ond interchanged connections. 

CONNECTOR - 50 

-- ------ t-

40 
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Bi /l:. -r fl : J:/ 111 
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·~ .. 

rf' impedance bridge measurement 
errors and 

corrections 

.. How to determine 

the effects of 

stray reactance 

1n rf impedance 

measurements and how to 

compensate for them 

The current interest in various commercial and 
t1omemade impedance-measuring devices which 
measure both the real and imaginary components of 
impedance certainly represents progress toward 
higher-performance antenna systems. To attain the 
level of accuracy that these devices can deliver, how­
ever, it is necessary to appreciate the sources of error 
than can creep into a test setup and then correct for 
these errors. Unfortunately, few Amateurs seem 
aware of these problems, and consequently they 
accept their bridge readings as gospel. 

Basically, there are two sources· of error: those 
external to the measuring device (usually stray capa­
citance, which will cause any impedance-measuring 
device to read low), and those within the measuring 
device itself. Even the prestigious General Radio 
916/ 1606 family of rf bridges has systematic errors 
which must be corrected for if accurate results are to 
be obtained. I was unpleasantly surprised when I 
finally got around to working out the predictable 
errors in my measurements. 

benefits of bridge corrections 
A user of an impedance-measuring device may 

ask, "Why go to all the trouble of calculating correc­
tion factors?" First of all, it does not take that much 
additional effort. If you want accurate measure­
ments, you are going to spend a fair amount of time 
and effort putting together a good test setup; the 
additional time and effort to punch numbers into a 
calculator is minor. 

22 (i'!il may 1979 

In addition, you can get a great deal of personal 
satisfaction when your measured data falls right 
where the textbooks say it should. When this hap­
pens to me, I feel as though I really understand what­
ever I am working on and am really the master of it. 
This feeling of accomplishment is probably why I 
experiment in the first place - that and curiosity . 
Finally, when you are sure of your measurements 
and then get unexpected results, you can explore the 
-device with a lot more confidence. 

In the material that follows, I will discuss in detail 
the error caµsed by stray capacitance and give-a cal­
culator program to correct this error. I will briefly dis­
cuss instrumentation errors and give a procedure for . 
calibrating a measuring instrument; discussions of 
calibration will necessarily be in outline form since 
the many types of instruments in general use will 
each require slightly different calibration procedures. 

stray capacitance errors 
The effect of any stray reactance, either capacitive 

or inductive, shunted across an impedance is to low­
er the apparent value of that impedance. -Consider 
the impedance Z.,, = Rx+ }X.~ in fig. 1 with a reac­
tance JXa shunted across it. In the discussion that 
follows, I will assume that all reactances are induc-

"" } Zx 

] t/Xx 

fig. 1. Diagram showing the stray reactar,ce ± x. shunted 
across an unknown impedance z, "' R, ± jX,.. The text pre­
sents equations fo r compensating for the effects of ± x •. 

tive (positive), as this simplifies the problem of alge• 
braic signs. When a conclusion is reached, I will 
expl~in the changes, a'ctually very minor, which are 
necessary for negative reactances. 

In fig. 1, Rx and X.,, are the real and imaginary 
parts of the unknown impedance. The shunt reac­
tance is represented by jX,. and is presumably 
known, or, at least estimated. The resulting impe­
dance formed by Z.,,I liXa (the parallel bars j I should 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 

·- - "---~~- · 

·-='·· .ff- . ... ,_ -~., . 
~ :::;~·- -
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. 
be read "in parallel with") is given mathematically by 
the well-known ."the product divided by the sum" 
rule: 

_ jXa(Rx + jX.J 
Zm - Rx+j{Xa+ Xx) 

After rationalizing the denoralnator by multiplying 
both numerator and denominator by the conjugate of 
the denominator, the separation of the results into 
real and imaginary parts followed by equating the 
real and imaginary parts gives 

{1) 

Xa(Rx2 - X_JXa + X,J) 12) 
Xm = R/+(Xa+XJ2 

In actual practice, Rm and Xm will be read from the 
bridge, so will be known. The stray reactance will 
also be known, or at least estimated. Rx and Xx are 
the unknown quantities. It will therefore be desirable 
to solve eqs. 1 and 2 for Rx and Xx. The alg_ebra is 
rather involved, so I will just give the results: 

{3) 

Xx= {4) 

If the stray reactance is capacit/:e, Xa will be 
negative, so that a negative sign should be used in 
the above equations with Xa; the same holds true for 
Xm. If there were no stray capacitance, Xa would be 
infinite, so that R,, = Rm and Xx = Xm. 

Eqs. 3 and 4 do not require great mathematical 
ability to solve, but the algebra is tedious when done 
by hand, even with a pocket calculator. A program 
can be written for a programmable calculator, how­
ever, that eliminates much of the burden (and many 
chances for mistakes). An HP-25 program to solve 
these equations is shown in fig. 2. 

It will be seen that while the external corrections 

may be minor when working with low-impedance 
networks at low frequencies, the errors increase at 
higher impedances and higher frequencies. The illus­
trative example given in the HP-25 program stiows 
that a correction of about 5 per cent in resistance and 
the correction of the reactance term completely 
changes sign from negative to positive. This example 
is based on an actual measurement I made on an ex­
perimental balun. If I had tried to correct a negative 
reactance in the balun when the reactance was actu­
ally positive, it is obvious I would have been wasting 
my time! A situation like thi~ can be very misleading. 

Two final comments are in order: First, while shunt 

HP-25 Pr~ram 

" ' n 1/. ll/~ 
" ) .. ·tool""' 

fig. 2. H-P 25 program for solving the stray reactance effects 
given by eqs. 3 and 4. The program also calculates the shunt 
reactance for a fixed value of stray capacitance and the vari• _ 
able parameter, frequency (see STO 0 and steps J, 4, 5, and 
6). Note that the sign STO 0 must be negative because the 
stray reactance is capacitive. Before running the program 
store - 2.rCa • 10- 6 in STO 0 and in 1 in STO 1. To run pro­
gram, key in R,,, !ohms), press ENTER. key in frequency 
(MHz), press ENTER. key in X,. (ohms with proper sign). and 
press R/S. Calculator displays R, at step 21, and x. at :s-tep 
31. 

reactance has been portrayed as a source of error, 
the same shunting effect can also be used to advan­
tage to measure an equivalent series impedance that 
is above the range of the bridge. The unknown impe­
dan.~e is shunted down by placing a reactance, usu­
ally capacitive, in parallel with it. The unknown impe­
dance is then calculated by eqs. 3 and 4, preferably 
using the calculator program. Capacitors between 35 
and 200 pF are usually satisfactory; the value should 
be no larger than necessary to bring the unknown im­
pedance within range of the bridge. 

The second comment is that eqs. 3 and 4 should 
be used only with impedance-measuring devices 
which measure unknown impedance in terms of its 
series equivalent impedance; i.e. , Zx = Rx± jXx. If 
the measuring device gives results in terms of admit­
tance, as does the GR-821 , or as parallel resistance 
and reactance, as does the Hewlett-Packard RX 
meter, eqs. 3 and 4 are not applicable. 

instrumentation errors 

The shunt reactance error discussed above is ex-
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ternal to and independent of the impedance-meas­

uring device. This error will occur whether you use a 

laboratory-type instrument costing several thousand 

dollars or a homemade device, built with parts from 

the station junkbox. 
I will now discuss in a very general way errors that 

occur within the measuring instrument itself. The 

GA-916/1606 instruments will be used as a vehicle, 

but I will try to present the material in a manner that 

makes it applicable to any similar instrument, com­

mercial or homemade. 

All impedance-measuring devices (that I am aware 

of) have internal errors, especially at the extreme 

ends of their frequency or impedance ranges. The 

sources of these errors can be very subtle. For exam­

ple, in the GR-916/1606 family, the principal error at 

high frequencies is caused by the changing effective 

series inductance of the RESISTANCE capacitor; i.e., 

the variable capacitor connected to the resistance 

dial. This inductance causes the• effective capaci­

tance to increase as the frequency increases, thereby 

causing the resistance dial reading for a given resis­

tance value to read low. For the GR-916, this error 

alone can be as large as 30 per cent at 60 MHz and 

100 ohms, for a typical instrument. 

At the low-frequency_end, the dielectric loss in the 

AEACTANCE capacitor causes an effective series 

resistance that increases with higher REACTANCE 

dial settings and low frequencies, again causing the 

resistance dial to read low under some conditions. 

Both these errors are predictable, systematic 

errors which exist in addition to any random, 

unknown errors caused by manufacturing variations 

or operator error. Graphs for correcting both types of 

errors in the GR-916/ 1606 are given in the instruction 

manuals and should be used if you want good accu­

racy. In addition, an equation for correcting the high­

frequency error in a typical instrument is provided 

along with a procedure for obtaining the fudge fa_~tor 

for any particular instrument. I have programmed 

this equation on an HP-25 pocket calculator, but am 

not including the program here because of its limited 

interest. However, I will be glad to provide a copy to 

interested readers on receipt of a large, self­

addressed, stamped envelope. 

I feel certain that all impedance-measuring instru­

ments have so_me systematic error. J ust because the 

instruction manual for an instrument does not men­

tion internal errors does not mean that there are 

none; it just means either that the manufacturer did 

not know how to determine it or he could not afford 

to work it out for the price at which he is selling the 

instrument. Actually, working out the instrument 

correction factors is not too difficult - and i t is abso­

lutely essential if you want to obtain accurate meas­

urements. 
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In calibrating an impedance-measuring instru­

ment, the most important item is a known value of 

impedance. For this, I use a Hewlett-Packard 906-A 

50-ohm termination. This termination is an accurate 

50-ohm resistor with negligible reactance well into 

the GHz region. This model uses a type-N connector; 

the cost is in the $25-30 range. Though this may 

seem expensive for a 1-watt resistor, the cost is small 

compared w ith what you already have invested in a 

commercial bridge. If your bridge is homemade, you 

may need a precision 50-ohm resistor more than you 

realize! 
. A second reason for using this type of calibrated 

load is that since the load has negligible reactance 

itself, you can accurately determine the stray reac­

tance which must be known before accurate test 

data can be obtained.· 
If you want 'to avoid the expense of a laboratory­

type termination, I suggest the use of the RN-55 fam­

ily of Mil-spec resistors. These seem to have the low­

est reactance of any family I have tried. They also 

have the advantage of being available in values other 

than 50 ohms. 

The calibration procedure for a typical instrument 

is very simple; although it does not apply to the 

GR-916, it can be used with a GR-1606. Measure the 

impedance of the termination at various frequencies 

through your range of interest. Since it is necessary 

to know precisely the resistance and reactance pre­

sented to the bridge terminals, it is necessary to 

make corrections using eqs. 1 and 2. To do this, you 

must estimate the shunt capacitance, and this is 

where a reactance-free load comes in handy. Use eq. 

2 f irst; assume values of Xa corresponding to shunt 

capacitances of, say, 1, 2, 3 ... pF, etc. at your high­

est test frequency. Set Rx = 50 ohm.s or whatever 

resistance value you are using, X,, = o, and calcu­

late the values of Xm for each capacitance. Compare 

these values of Xm with the Xm you measure, and 

when your calculated values of Xm have bracketed 

the measured values of Xm, you have also bracketed 

the actual value of Cw Now back up, say, 0.5 pF, and 

determine C11 as accurately as you wish. Remember 

that since X0 is capacitive, a negative sign should be 

used in all of the correction equations. 

When you accurately know Xa, solve eq. 1 to· cal­

culate the resistive component of impedance appear­

ing at your bridge terminals at each frequency; com­

pare these against the measured resistance of the 

load and determine the correction factor for your 

instrument at each frequency. These corrections can 

then be plotted. 
One difficulcy in using a chart is that a chart cannot 

be programmed into a computer. It would be con­

venient to determine the equation of the correction 

curve so that it could be programmed into a calcula-
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fig. 3. Photograph of K4KJ's test setup for calibrating a GR-916 rf impedance bridge using a precision 50-ohm termination. 

tor. It should be possible to do this and those inter­
ested may refer to a textbook on the subject.1 Thus 
both the bridge correction and the shunt reactance 
correction can be worked out in one calculation. 

The advantage of having a reactance-free resis­
tance can be seen. Your impedance-measuring 
device can only measure the reactance across its ter­
minals; it cannot distinguish between stray reactance 
or a reactive compon~nt in the unknown impedance. 

A note of caution concerning the order in which 
the corrections are made: when measuring an 
unknown impedance, the usual application, the 
bridge correction must be calculated first. Eqs. 3 and 
4, which are used to calculate the stray capacitance 
correction, assume that the measured values are 
accurately :<.nown. On the other hand, when calibrat­
ing the bridge using a known value of resistance, the 
stray capaci tance correction must usually be made 
first because you are trying to determine the actual 
impedance across the bridge terminals. The GR-916 
appears to be an exception; I do not know why. 

examples 
At this point some examples should help clear up 

the details. The first example will demonstrate the 

use of a reactance-free termination to determine the 
shunt capacitance and show how this capacitance 
can differ from the measured value. 

I was in the process of calibrating my GR-916 using 
an H-P 50-ohm termination. A photograph of my set­
up is shown in f ig. 3. The stray capacitance to 
ground of the test lead and type-N coax connector 
measured 2.95 pF using a GR-821 admittance bridge. 

At 54 MHz the impedance of the 50-ohm termina­
tion · measured 40.3-j3.333 ohms on the GR-916 
bridge. For a high quality termination, this appears 
way off, but let's correct it. Start with eq. 2. Set 
Rx = 50 ohms; assuming the stray capacitance to be 
2_95 pF as measured, then at 54 MHz, Xa will equal 
-990.894 ohms. Solving eq . 2 gives 
Xm = - 2. 49603 as compared with - 3 .. 3333 ohms 
measured. Hence the stray capacitance must be 
more than 2.95 pF. 

Next try, say, Ca = 4.0 pF, and calcu late 
X m = - J. '3774 ohms, again compared with 
Xm == -3.3333 ohms measured. Back up a little and 
let Ca = 3 .95 pF and calculate X m = - 3. 3355, 
which is very close. Since the test fixture measured 
2.95 pF, !he stray capacitance in the bridge must 
be 1 pF. 

may 1979 rim 25 
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Assuming the stray capacitance is 3.95 pF, it is 

interesting to calculate the equivalent impedance 
looking into fig. 1. Use eqs. 1 and 2 and obtain 
Rm = 19. 776 ohms. The difference between this 
value and the 40.3 ohms measured by the bridge is 
the bridge error. The reason why the shunting effect 
is so small is that the shunt capacitance and resis­
tance level are both relatively low. 

I am not going to pursue this example further 
because the remainder is unique to the GR-916 and 
would have relatively limited interest, but I did want 
to demonstrate the value of having a high quality ter­
mination and how to use it in estimating stray capac­

itance. 
My second example should be of special interest to 

users of baluns, particularly W2AU balun users. In 
this case I was measuring the input impedance of a 
W2AU 1: 1 balun at the unbalanced end with various 
values of resistance connected across the balanced 

fiy. 4. Photograpn of K4KJ's tost setup for measuring the ln­
put impedance of a W2AU 1:1 balun with various resistance 
values across tho balancttd terminals. 

26 ~ may 1979 

table ·1. Measured performance of a W2AU 1:1 balun with vario.\ 
values of load resistance across the balanced terminals. 

load original with bridge 
resistance bridge with bridge and capacitance 

ohms reading corrections only corrections 

54.0 70 · j14.00 74.64 • j14.00 76. 56 • j7 .34 
68.0 56 · j22.07 59.61 • j22.07 62.53 · j18. 12 

102.9 47.1 · j43.33 50.09 • j43.33 55.45 · j42.20 
201.0 25 · j54.17 26.52 • j54.17 30.26 · j56.88 

terminals. Table 1 gives the uncorrected bridge read­
ings, the impedance with bridge corrections only, 
a~d finally bridge and stray capacitance corrections. 
A photograph of this test setup is shown in fig. 4. 

The stray capacitance of the test fixture with a 
type-UHF connector and a male-to-male adapter 
measured at 5.3 pF; add.ing 1 pF for the bridge capac­
itance gives 6.3 pF. I am giving only the 30-MHz 
measurements. 

Comparing the original bridge reading with the 
fully corrected data shows as much as 10 per cent 
correction, approximately equally divided between 
instrumentation and stray capacitance effects. 

Comparison of the load resistance and final data 
columns will be of interest to those using 1: 1 baluns. 
It shows the necessity of matching the balun impe­
dance to that of the load and transmission line. This 
is a need that is just beginning to be recognized. I 

believe this data is typical of ferrite-rod baluns, but 
that's another story. 

conclusion 
Impedance-measuring devices canoe very·useful 

for matching antennas as w ell as in many other appli­
cations around the ham shack. Their results, how­
ever, must be treated with caution because even the 
best instruments and test setups are subject to 
errors. The most predictable source of error caused 
by the test setup is stray capacitance; this effect can 
only be minimized, not eliminated. Equations have 
been presented for calculating the true impedance in 
the presence of stray capacitance. Possible instru­
ment errors have been discussed in a general way, 
and a possible method described for correcting these 

errors as well. 
The program for computing the true impedance in 

the presence of stray capacitance on an H-P 25 pro­
grammable calculator is probably usable on other 
H-P calculators, although the keystroke numbers 
may be ditterent. I do not have programs for calcula­
tors of other manufacturers. 

reference 
1. C. A. Wylie, Jr., Advanced Enginoering Mathsmotics, second edition, 

McGraw-Hill. New York. 1960, Chapter 5. · •Finite Oifferonce,:· pages 
130-193. 

ham radio 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

KYA AM-FM 
KING RADIO BROADCASTING COMPANY 

NUMBER ONE NOB HILL CIRCLE • SAN FRANCISCO, CALIFORNIA 94108 

SELLER: SHlPTO: 

C- f< tA/77/L i:7 i'-Z: 1--X C'MC..S 
7 • Boo - z.. 2. S-:- /~&e 

• • 
~M Fin-~~q 19 t- D 

l:__ _J • 

SCLLCR: T MIS PURCHASE OROCR NUMBLR MUSl it 001156 By.acceptance, ~eller .1gret!5 to conJition') hereon. lnvoic~ in triplicate unles,.~ APPCAR ON ALL INVOICCS, S I IIPPINC 
otherwit;e ... pccified . PArrns, PAC KAG[S, AND CORRCSPONOENCC. 

r.o.e. OA TL RLQUllllD I SIIIP VIA flRMS 

OIU)3 l)h. ~17~ 
LINE 

QUANTITY DESCRIPTION 
NET UNIT PRICE AMOUNT/ 

NO. AFrCR DISCOUNT EXTENDED PRICE 

l //:,ot/1- 0 E/f/ 1(,1-P S~tCiJ~~ v,~J> 61-.!>-

/0 t>A-Y RW PA'1v1L /4. er 

I ccx n r-1u1-nc:, AJ L./~ C r)P:J,,-C '51 
1/2''t- / 

~ 

AUTI IOIUZll) !.IC.NATURr ~ <--
0 NOT FOR RESALE 

NET TOTAL ► 75:;- -0 FOR RESALE ,A Nl tMRIR 

-,rQu[STll) BY I CHARGE TO ACCT. NO I StRVICC ORD[R NO. JOIINUM8rR l'ROICCl NO, DAl'E RtC:UVlD 

Form# PR713 

ORIGINAL 

http://www.SteamPoweredRadio.Com



