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RAPID VSWR MEASUREMENTS WITH THE 

ADMITTANCE METER 

Although the TWE 1002- 13 L-II F Ad
mittance i\lctcr is widely lIf';OO for high
frcquelH'.)' imp(,'<iancl.' and admit Lance 
measu rements, its possibilities for the 
rapid measurement of st:uLding-w:l\'c 
ratio nrc not RO well I'('(>o/!:llizcd, With 
this instrum('llt. VR\y n C:[ln he cak-u
Inted r rom t he values of confine! :lEWC and 
Busccpt:mcc which arc Illl':l.J;urNi di
reclly, hut the lllt':lsmCITI('lIt ['nn be 
greatly simplified when \'SW U alone is 
required, without phHst' infonnation. 
Two approxillHttcly dircl.'l-rcadin/o! meth
ods h:wc been ocveJoped, olle of which 
requires a mcchnllical movement of one 
of tll(, ('on trois on the instrument while 
the other IISC:> only till' mNcr reading on 
the detector as an indication of the 

ro- VSWR. The former nl<'thod if; ('xnet for 
all vnlucs of "~wn, whilC' the inlIer 
method is approximntc nnd is limited to 
n. vswn I'!\l1gl' up to approximately 1.2. 
Both melhous l'I'quire II detector capable 
of giving: an acrumte measure of the 
relative output 1('I'el. ns, fol' instance, 
OIlC of the Type D~T Detectors, 

Fig ure 1, Clou-up v l.w of the Icol .. ond con lrol. of 
Ihe Adminon<e Me te •. 

The Admitta nce Meter 

In normal lISC the TnE lti02- H .\d
mitwncc :'. lClcl' m('a.!ll lrCS admillanee 01' 
imp,-'tIlII1l'c in the frequellcy mngc b('-
tween ·10 and 1500 l\k with a nominal 
accuracy of ±3%, It is dired reading 
in conouduncc ant! f:;1l~epl:\ll(>e (nr I'e

si!;t;l1lct' ami t'f'aetunce). Fig:urc I ShOll'S 
the s('alc:o; and conll'ols, Figure 2 the 
n::ll'; Fi~ul'e 3 i!; aschcmatic. Admit tanee 
meaSlIrf'nl<'nts :'ire made h~' t11lull method 
in II'h irh I'oltages deril'lxl from the cur
rcnt." ill thc standard l'OUductfH1C(' tHm 

und the :;I:\ndard sus('eplauC(' arm nrc 
balanct'<.l Hf!;:lillst U vo\taf!;l' ocrivt'(i from 
the current in I he unknown ann. 

The coupling of each of the loops 
shown in Fi~lIl'c 3 can be Yari{',d hy ro
tation of the loop, One of the eoaxinl 
lines is terminated in a conclutlancc 
stanclard, which is a purl' resistance 
c'lwll to the chamcteristic impedance of 
the line: one in a !<1I-;teptante Slancbrd, 
whieh is u short--circlIitl~! !l'lll-;t II of !"l(Juxial 
line; nnd OIW in the nnknoll'll ('il'cuit. 

The outputs of the three loops nrc com-

Fig ure 2. Rea, ",j e w , . howlng Id e nl1fleolion of tile 
<00";01 lin .. , 
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~ GENERAL .AOIO EXPERIMENTER • 
bined in p:\r:\IJc1 and, when the loops 
are properly oriented, tbe Het output. 
is zero. The device therefore balances 
in til(' !;.'lme m :ULllcr a.<; :l hridge. 

At bllillllcC the \"olt:lgc ;ndll{'C(1 ill 
('arh of the th1'l'C' loops i8 proportional 
to t he mutua1 illductancc betwccn I'tl.ch 
line alld loop :mel to the ('urrcut flowing 
;n the I:OI'I'0!JlOlIllin~ line. Siut(, ulllhr('(l 
lifl('s :ll'e fcd from a commol! Sl'lUrcc, the 
input \'ohnge is llu.' b.!mu~ for Ctleh linc, 
and 11m (-nTrent flo\\"ill~ in f':wh lil1(' is 
prOpOrliQIl nl10 the iUPllt tldmittall(1!. 

The loops a:>socintcd with t he un· 
known ndmilhlncc :llJd the !ltllminrd 
i'(JlldllCllUU:C {'all each be rotaled thnmgh 
:UI angle of !}()O, but the loop M80cinled 

with tht- I;t:llldani susceptance ;!I ar
mn~C<.l 1.0 be rotatahle throul.!;h 1\11 :1. 1L~11.' 
of 180°, thus :lllo\\·ing lhe me[lSlItl'ment 
of pol!itin' as well as negative values of 
unknown '1lI!';('CIlt:UH.!1;l wilh fi single su;;.
eeptancc standard. 

The conductancc stale is inherently 
independent of frequency. The su~{"t'pt
alice sllllld:lrd is nl\m.\"s adjusted !O ])1·(1-

ducc ~he same magnitude of susceptance 
nt each frequency. 

Adm iHance ond Impedonce M ea sure
ments 

The three loops nrc adjustable by the 

FIll ..... 3 . 5chemo tlc d ioll.om 01 th. Adm llt< ... ce M.t.r, 
. ho wlnll Ih. , .. .. <11 0 .. 01 OfT .... II.m. nl .. I n .. e . .. nd 

IODp1. , 
II J~ 

-1 
I 
I 
~~ 

1- ." 

arms shown in Figure 2 and carry indi
cators as shown in Figure I . T hus the ...... 
admittallce paramcters, G :l nd IJ, can be 
rcad directly from the :;c[lles. T he stall;l 
for the loop in the UlIknOll'lI line indi
('ntes t he multipl.ying f:Leto!". If a quart.er
wave line is i""e1"{('(1 betwl'C1l t he ill
strument :lnd the unknown, the adm it..
tnncc is im·ertetl. The millimho scale 
n'adillgs arc thell proportional to im
l}C(bnce and, when nmhil)lied by 2.5, 
they indic:J.te the series resistance !lnd 
rcact:mcc ill ohllls. 

VSWR Meo 5ure me nts by th e Voltag e
Rotio Method 

FOI· VS WR meuslll·cmenls, one simple 
method is bftsed on II nH':,suremcnt of the 
.-alia of t he output \'0!1 :1{!;CS obtained III 

IWO scltin~s of un indicator arm. This 
lIl!>thod is I)nl·ticubrl~· attractive fo r 
measuremcllts uf tile' \':; \\" 11 of IIntcnna 
systl'IIlS and COIll]JOnentri ill which the 
\'8\\" 11 is Ilot.gre:llet· th:ln I1hout 10 to 1. 

In this method the 5()..Qhm tet·mina
tion is inserl.C(l in pl(lc{' nf 1 he suscept
alice stnndard ill the fl , li ll(>; the C,line 
remains opcn·circ:uited; the lI! lk nown is 
connected to the y~ line. The eonduct.
allte indicator is set. to zero, and the 
multiplying factor indicnlor is set to I. 
The> ratio of the output \'olt!l.ge>, Fit ob
tained when the susceptance indicator 
is set to -20, to ihe output, \ "z, 01>
l»inl'(l when the SUi\Cl'ptance is set to 
+20 is equal to t he mnJ,(nitudc of the rc
fll.'{'tion cocHicicll t, r, :lnt! the VSWR 
tu n be determined as fo llows: 

1"'1 1+ -
VSW R _ 1 + I r I _ V, 

I-I r l -IV'1 t liz 
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, 
TABLE 1 

V,tV, r VS'·iR Y, 'V, r IIS"'R 

• A , .1l'I1] lUI " .1 413 \.33 

" 
.6710 100 " . ",. , .• ,.. .~II 12.43 " .1121 1.24 , .. .8318 10.90 W .,~ ,." 

U .8128 'M " .~, 1.194 , .m, .. " " .. '" 1.110 ,., .7762 1.94 " .,'" 1.153 
H .7586 , .. U .~, 1.136 

" .7413 '" " .. '" 1.120 
U . n .. " . ,. .0501 1.103 , M' 'M " .~, ,.~ 

" 
..., 5.03 " ."" ,.'" • .6310 ' .42 " ,," 1.074 .. , .S'/57 ,~ W .0316 ,.~ , .,." HI " . om , .... .., .,,,, 3.16 " .02S1 1.051 

• .S(111 3.01 " ." 1.0.c6 ., .4732 '.0 " .,. 1.~1 , ."67 1.61 " .0118 , . .,. ,., ,4111 ,." ,. .0\58 1.03:1 

• .m, '" " .(lUI LO:?9 •. , .3na ,.w " .01U 1.027 

• ."" 2.10 " .0111 1.023 ., ."" 2.01 ~ .01ll0 1.0211 ,. .3162 ,." " .00" 1.016 

" ,2111e '" " ."" 1.013 

" .2512 1.61 " =, 1.010 

" .= ,." .. - , .. 
" .1 995 ,." " =, , .. 
" .Ina 1.43 " .0018 ,,.. 
" .'''' 1.11 ~ .0010 1.00:1 

If lhe r:;WH is less thall l.~, the follow
ing npproximatioll is \'Illid: 

1
1" 1 VSWR = 1 + 21 r I = 1 +2 l'~ 

The cal~lIb tions ean be eliminated 
Ihrollp;h the llse of 'I'tthlc I, which indi
('utes the vnlue of rand VSWH fol' 

If L •• 
\":\rlolls values of V:! c.xpressed 1!l dcclbels. 

T he voltage indu<.'ed in the Sllscept· 
!UlCC loop is proport ional to the current 
flowing in the tcn ninnted line and is, 
liwrl'forc, - KYo whcl1 t he indica tor is 
:<('t:1t - 20 nnd + K}"o wlwll thl' inu i
eaWl" is Sl"t fi t, +20. The volta!!:!' in
dul'oo il! the muhiplying factor loop 
when the indicator' is set. at unit.y is f( Vz . 

Thc.refore, the tolal \'oltagc, VI, :11 the 
detettor whcn the slisceptance indicator 
is set at - 20 is 

VI = KYz;- KYo 

MA. Y , 1960 ~ 

and when the susccptance indicator is 
sct at +20, 

V2 = /(Y":t+ lO'o 
0' 

VI 1'.. - Yo 
-~ r 
V~ 1' ... + 1'" 

and t hcrefore in terms of the magnitlldus 
:llone, 

I r l~I :~:1 
For t.his measurement 1\ dc.tector with 

a wide li ll l'[\I' \":\ll~(> (at leas\ 50 db ) lllld n 
('ali\)rat{'(\ attcllIIflto]", such 3.1' olle of tlw 
Ty pe OX T Dett'ctors, iR required. Wilh 
the Typt, DK T Deteclol"s. the valU!' of 
V 
--; is obtained m, the d iffCl"ence between , :.' 
t\\"o deeibclrcadings. 

For maximum aeeUl·nc .... t he VRWn of 
the 50-ohm tcrminntiOll lInit should 11(' 
as closE' to unity tI.!; pos..<;ihle. If the tel"
mination is pt'l"fect, Ihe I"t'SUltiHg rSW R 
elTor is Ie&; than ahon\ 0.01 np t.o 500 
~ I c tlml 0.02 up to 1000 ~ I c fOl" low 
V:-i '\' B ma~nitudcs. T he pcrfOnntlllCe 
ClUi hc d1cclH,,1 h.v sub~jjlutioll of an
olli('1' low-\':; \VH. 50-ohm termination 
for the unknown. 

Rapid VSWR Measurements by a Direct 
Method 

For " SW !l mCllsw·cmcnts on 1\ 1:lrgc 
Humber of componen ts at tl single fr('
quem'Y, or on fl. sin~lt' co mponCl11 \\"hose 
m:lximum \,SWB must be mt':l:;url'<i 
OV(' ]· the whole n1n~c of some fidjURtr 
ment, as, fo r example, 1tl1 ildjuslnble
length line, an even more rapid method 
than that pn'\"iousl~' dt'Sl'ribcd call be 
used. Thi s mNhod is valid as lonp::ls t he 
vswn is less t han ubollt 1.2 and is 
particula.rI.v useful for t he determination 
of small :;t:mdiug-\\":\\"C ralios" Its high 
resol ut.ion permits the nH'nsurcment of 
VSWRls as 1m\" :18 1.00'2. 

For this measurcment the Admit-

IET LABS, Inc in the GenRad tradition

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

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



V> 
--' w 
'" iii 
c 
I 

--' w 
> w 
--' 
I-
::> 
Q. 
I-
::> 
0 

~ GUU R AL RADI O E X PERIMENTER • 

10 

V:l.JI('I' ?o.ft't<:r ;~ !;d Up lUi fO!' udmittoncc 
mt'D.l'W'l'llwntS, wilh 011(' of Ihe· T ype 
OXT Di'll'l'Wr", Ililb thl' !'.Ianda rd 1,'011· 
citl('tanc{' ill the' (,' arm, allli Id lh Ihe 
stoudurd t'IISl'C'pWn('e l'ilub ,.;ct for thc 
opcralillj;dn'fJllcllcy in the II arm,.\ 1011-· 

V::i\yH, .;0 ... ,,1110 termination i~ plll!,":J!,:cd 
iDlo tLw unknown arm, :md ,lip metN is 
hfl.lflnl'l'fl for n null Ilith HI.' multiplier 
l)('t f'xtlc,tly :.I.t 1.2, 

The multiplil'r arm ill t llt'n set at 1.0, 
Thili l1uhallltlCe j,., {'(Iui\'men! tOi that 
prndm'<".1 by tl \ '!-iWH flf I :2'1 ill til(' lin· 
).;,.ow,.. 1.'1\1' ,l!."c'IlCralor olllJmt i~ tl1l'n 
:ulju!'.tcci 10 prodUf'/' II. /h . .'t{'c'lnr I'I'Mliug 

equnl 10 one of the calibration I c\'eI~ 011 

tht, .... 110.1'1 in Figure 4 {:wc olT), TIlt' 
multiplier is then return<".1 In ib 1:1 
rC'ad;ng-, and adjusted to produce n. lIuli 
hllb.lll'e, Th(' unknowli is Ih{'u phLAA('(1 

illto the UliknowlI arm in place or the 
J()...Qhm termination find the meier rC'!1.d ... 
ing Iloted. T hc l'ol'f<'Spolidill,l!." " SWH is 
thell read from the Chil.rt. of Figure 4, 

Since no ndjustmcnts tlrf' f('(luircd 
aft('r tile instrllmClli htl5 b<.'(!11 cnlilJrntc<l, 
rR \rn lllt'aSlirelllf'1l1S C':Ul I>e mn<i(' on 11 
Inl'p;;C' ll11mhcr of clelllcnl ~ "Ny I'l1picJly 
mcrel," by plllgp:;Ile: tllC'm ;1110 lit(' in· 
5tnunent nnd observing lhe met.er indi-

V WR 
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, 
ention . Continuous mCllsurcmcnts can 
also be made of the YS WB. of compo. 
tWills as they arc adjusted . 

T he a('curncy of the met hod at vcry 
low \':t!ucs of \'SWH is primarily detcl'
mined by the Vl"nrn of the 5O-ohm ter
minatiun unit u::>e<[ to s('\ up the instru
ment. T he l'csid.ml \,SWH l':111 be ns 
hrp;t' as twice til(' \ 'S\\'H of this ter
mination. T he accuracy of the' method 
:liso dC'crclIf'cs at huW~ \'alm's of Y~Wn , 
rC:lchinp; ±O.OO6 Rt a \"~wn of 1.1 
nHd ±O.03 at a YSWH of 1.22. 

- l L A . tiO [)Elt,\IAN 

MAY, 1960 

I 

Fi g .. , . S. The Admill"nce Mete , " ' .. , up for admit
tance o. VSWR m" .. ",e m e nll , with" Type 1209_8 

Uni l OHilialo, and .. T.,. ... DNT_l O.t.ctor. 

ASSEMBLY TOOLS FOR TYPE 874 
COAXIAL CONNECTORS 

To fncilitnlc the a:;sembly of OUl' 

TYN: 874 Coaxial COlltl('('tors 011 enblcs 
or rip;id line, we arc 1l1l1kin)2; H\'ailable a 
set of 1001'1, illustrated in F i~ ll re l. T he 
T HE 87·I·TOJ\ .\ s5Cmbly Tool I\ il con· 
sists of nn ouler-COIlllf'dor wrcneh , nil 
inner-COILne('(or II' retLdL, all( ! a coupl ing
nLlt \\Telwh, as shown ill f i!!:ure I. Th e 
illtl('I'-l'onlicctor \\T{'I\(' hes nrc used for 
holding and inst.'Llline: hoth t he iTlsuli1t-

figur e I . Vi e .... of 
Ihe a ... mbly lool s 
for o .. e",bly of 
Type 874 Coaxia l 
Conneclon. The 
Ih... 1001. al Ihe 
,ighl. Typ .. 874-
TOl15, 1 16. and 
1 17 , compri .. Ih e 

,-... Type 874-TOK Tool 
KII. Th e uimping 
1001, a .. shown 01 
Ihe left. 

ing bead tl nd the inner conn{'ctors. T hey 
also prl'v{'n L possible dtlm:l!!:(' to the key
way in lh(' h{'ad durin )!; instalbl ion 
which can n.'su lt in misuli!J;lLlllelll of t he 
inner :lnd oll ter conncctor:;. The outer
t"OIlllf'l"Ior \IT{'IWh find the eOllplin!!- lL llL 
IIT('llI'h a n ' 11"0(\ 10 instnll the lJutN COIl
ncdor nnd to tight{'ll (h(' ('oupliug lIuL 
proped .\' without m:lfrill)! the Rurface. · 
T hcRO three wr{,llcheR, whil;h ar{' S()ld as a 
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~ GENERAL RADIO EXPERIME N TER • 
unit, fn .. ilil:lle the in"t:lllnlion of eon-
1I('c-lOrh on hot h riJ(id lin(' and cubiC', 

I n Ill(' in~Hlll:i tion of ~hie ldro ('able Oil 

l'nbl(' tOIlJI{'l'tot'!:1 lind panel ('Olln(\('tor!:1, 

II Icrrull' i" l' rimJX'lI 111 pl:w(' to st'l'ur{' 
th(' hraid of the ('nhl£' "hi\'ld firmly to 
thC' slwl! of th(' \:1I1l1l{'('tor, \\' jWll larj.!e 
IHlml)('n; of eOIlIl('t'lHnI :Ire to he inslllll"d, 
or Il\ll'rt' til(' 1I(':IH'I'i! 1)(}",'iihlC' {'rimp i~ 

W:IIH('II. tilt' ll'i(' lIf lilt' T \I'~; b' l-To.;S 
or till' k. I-TO::' ('rinlplll~ Tool" i,~ rI,,(,OIll-

7'1/~ 

Tool Kit 

mended. Th('S(' tool" uS{' hexnp:ollnl die:. 
to pro<iu('(' n III')\a~tlllally "haped ('rimp. 
'I'll(' uppropriah' lool" for each ~. I-type 
{'nbl{' or p:lrll'l ('(llIll{'('tor nn' inlii(,tlt('(1 
IK·low, 

COIl1ltt1~ 7"I{>t' 

,\;H-C5". -Ps. .... -1'1ts.~ } 
x7-I-C62, -1''li2. -1'1~;2 
,'j'4-C. -I', ·PH 

K7 t-('~, 
'-;74·C!), 

-P~. ·PBS 
·1'9, ·PII!) \ 

Cn'mpi,l(J 7'001 7'v~ 

b'~-TOSS 

b7'I-TOS 

174-TOK 
174.T051 
174.tOI 

C.lmp l .. , T .... """""", .. "",._"", _ •• 
'U\X"-,n-l. ... 
'"(1\'1;1 ' 11''''1'0 
('(1\'(11\1\111.\ 

$20.00 
7.5.00 
1.5.00 C"mp."1t t •• t ., .. ".""", •• , _ ............ . 

UNIT OSCILLATOR USED AS PUMP IN 
PARAMETRIC AMPLIFIER 

.\11 illtere-:tiIl~ IIJlpii('!ltion of GeuC'r!l1 
TI:-uiio ('(luipmC'1I1 i~ the 11:«' Ilf the Tn.: 
I:? IS-A [nit O:;dllator (!IOO-:?OOO ~ I e) by 

• WWW. 
• • • • • • • • • 
'" • - - - • 

the Zenith Hadio Corpor!ltioll to :mppJy 
C'lwrg.v at the "pump" frC(lueney ill !l 

P:lr:IIU{'trie :unplifier, 
Slwwn in III(' photo i;:: t l)(' Zf'nith 

El('(!tron Bellm P:lrum('lrit, Amplifier 
nnd !IN;O('int('(l power ~upply, toget her 
with II (;encrul Radio rni! Oseillator and 
r~ulnl('(1 power 8upply" 

Zenith is currently delivering Par:)-

.-
'I .-. - .. 

ml'tri(' Amplifi('n; in the fr{'(lu{'U{"Y ra.n~(' 
of 3.xJ to 1000 :\ Ie (nnd soon 1300 ~ I (' ) 

and h:,:-; selcetcd Gem'ral Rudin O'il'il· 
lutors as tltundnrd ('(Iuipmellt to "pump" 
lhe Pnr:tmetril' Amplifier, 

t\oi;;(> figllrC>! of the order of I db are 
olY.i('r\'cd over u \\ide bnnd, l'n{'()I\dilioll
nl slahilit,Y und high ~3ill nre dllll'3('lcr
istic of eit'l'tron tube param('trie de\'ie(>S, 

General Radio Company 

.... :. ... 
". 

IET LABS, Inc in the GenRad tradition

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

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