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OUTPUT SYSTEMS OF SIGNAL GENERATORS 

• I N T R OD U C T ION. R c("cntiy, the quc.'ition of st:1.ndardizing 
the output of din'crcnt models of signal gcner:ltol's has become one of 
in!'fca."ing importance. l\ lc:\.';UI"cmcnts made using OIlO type of f'lignnl 
~cn('rator frC<llIcntly do nut agree with tho..~c made with another t:ypo. 
While this b .ck of l~rcemcnt d~J on oc{·a,.;;;ion, occur t~t frequencies in 
the stt\ndl~rd broadcu.".t band, the difTcrcnccs arc generally much more 
"Nious at higher frequencies. The recent cxtcll:<ivc U."C of f'.ignal genera­
tors [1.1, frequenc ies fLhovc the standard broadcast band has brought 
ahout thi" dcm:md fOJ'Rtand:\rdization, 

The dilTel"enee:; in the,oe mC,'LI:;UI'ellH'llt<J am genernlly euu,:;cd by the 
diiTering output im IK'<l:\tH;es of the gf'ncratulK Whell a load (U'''lllllly the 
inlhlt of a recoin)r) is connected to the fl l6'1lal generator, the voltage 
appe:.l.ring at the generator t.cnuinals is not the open eireuit volt1\gc but 
i" a value determilled by the impe<i:l.nces of the gencmtor and load as 
well as by t he Indic."l.tccI open-circuit \-oltage, Furthennol"!', the leads 
connecting the generator :lnd load also :l.ITect the voltage [Letually 
applied to the device under test, Con,:;eqllently, the load voltllge l':Ul 
be dotcnnincd froTH the indicated opcn-eircuit yoltage of the gcner:~tor 
only if the generatm' impedance, t he load impcdfLllce, and the rhl\I'ac­
teris1il's of the leads arc known, 

Zer o S ourc e Imp e dan ce 

One n,ppt'oach 1.0 lhi,~ pt'ohlem i.'1 to makc these complic:1.ting ellects 
negligihle, :1.1)(1 1·0 a certain ex-
tCILL thL-; situation il> achicycd 
at low frcqllcnciC8. At standtlrd 
broadCl\.':lt frequencie;; and 
lower, no difficulty is experi­
enced in making t he cable con-

FWUR.: L A !l:l'!Ulmtor of in\.«rnni 
vt)!tuj.,'C E. [Iud iUlcrulIl imp •. ,d,tllco 
Z. COIllIC('t.cd to tlo 10lld Zl.. Thcit)ad 
VO!t~lgo ,,:,. iii ('asily duwrmitlOO by 

C<IUI,tiOIl (I). 

Zs 

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



GENU .... L ..... DIO EX ' E.IM ENTU 

necting the genera.tor and the load so 
short. j hat there is 110 appreciable 
difference between the voltllges at the 
generator cud and the load end of lhe 
cable. Then, if the volt.meter in the 
generator is connected to measure t he 
voltage at the generator termina ls, this 
mCMurcd voltage is also the voltage 
applied to tbe load . H the load imped­
ance is changed, the voltmeter will still 
read t.he voltage 6t the load. Since thi;j 
arrangement need"! no correctioa of volt,.. 
age for the effect of load, it can be COI1-

~idered to be u gcnumtor with a voltage 
,"Duree of magnitude equal to that indi­
r.ated ou the voltmeter acting in series 
with l\ zero SOUI'Ce impedance. 

Genernlly, the direct measurement. ill 
tbe signal generator of voltages less than 
about one-tenth volt is neitJler eom'eu­
ient nor economically feasible. In ol·der 
to work down to output voltages of OIiC 

microvolt and even less, it is cust.omary 
in low- and medium-frequency gener­
ators to insert 1\ low-impedance att.cnu­
awl' between the voltmeter :md the 
output tcnninals. 

Equiv al e n t Sour ce 

bl order to c:dculate the effe<lUi of the 
load on t he voltage at the tcrminnls of 
a signal generator using thia arrang~ 
ment of voltage control, it is convenient 
to use Ole Thevcnin·theorem appron.ch 
n.nd to reprcscnt the generator 118 a volt­
age :<ource "hehind" - i.e., in series 
with - nn impcchmce. This equivalent 
voltage is the open-circuit voltagc of the 
l" ignnl generator, :md the e<luivalent im­
J>edance is that seen looking into the 
syslcm with the tcrmil1nls at which the 
voltage i8 measured short-circuited. The 
!:Iignal generator i5 usually arranged to 
indicate the vnlue of this equiVAlent 
voltage by a combination of t be volt­
meter N'ading and the nttenuator set-

, 

ling. The Ctluivllient :lOurcc impedance L'S 
generally made as low as is pmctical, 
being freq uent ly 10 ohms, or even less. 
At, low lInd medium freq uencies with 
tbese low impedanOOil, it is fre<luently 
poss.ible to neglect. the effect of the load 
on the output voltage and to assume 
that the tenninal \'olthgc is the open 
circuit voltage. In any en.se, it is rela­
tively easy 1.0 determine the correction 
for the lood , as indicated in Figure I , by 
the formula: 

Z f' "I. P 
, /, ::':: ,~ +.~ ~. 

h I. h . 

= 1 - E ( Z, ) 
Z, + Z l. • 

where f.' 1. = Load Volt.'lgu 
f.'. = Souree Voltage 
hi, = Load Impedance 
h . = Source Imped ance 

(1) 

When the gUllerator 80llrce impedance is 
small compared to the load impedance, 
only an approximate value for the load 
impcdanoo nced be used fo r the calcula­
tioll of load voltage. 

Dummy Antenna 

A signal generator with low source 
iml>Ct:lancc, however, is not t he complete 
answer even Ilt low frequencies. For ex­
:m1ple, the adjustment of tl receiver in­
put system to give ma.ximum voltage 
sensit.ivity with a low·impedunce sigMI 
generAtor will lead to the usc of a high 
mtio transformer at the input with 
COI'resIxmdingly high il.pparcnt voltage 
sells itivit,y. However, the actual sensi­
tivity with 1\ normal antenna will be 
much less than the measured value. 
There are seveml wa)'s of avoiding this 
discrepancy betwccn measured and ac· 
t.unl sensitivities. Fundamentally, it i!'l 

, 
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desirable tha.t the effective SOurce im­
pedanco of the generator be essentially 
the sarno 88 that of the energy source 
with which the device under test is to be 
used. 

One prooooure for achieving this con­
dition is to add at the generntor output 
tenninsls a series impedance of the value 
nCCe68l\ry to produce the desired source 
impedance. The standard dUlllm}" an­
tenna adopted by the [nstitutc of nadio 
Engineers for the medium Md high fre­
quencies is such a series im,>OO611CC. Ita 
value hOB boon selected to make the 
f;lOllrce impedance of the generator 
approximate that of a representative 
ankmnA.. An impedance net,work or u 
section of special attenuating cable is 
sometimes used when the simple series 
arrangement is not practical. 

The relatively high impedo.ncc of the 
dummy antenna helps to mask the varin.­
lions in generator output im,>edllnoo 
that arc caused by residual reactances. 
[t also aids in isolating the gencro.tol' 
from the load to the extent that varia­
tjollil in load impedance do not appre­
ciably alTect the voltage indicated by the 
signal-generator voltmeter. Trua isola­
tion is particularly helpful when tbe 
input. impedance of the device under test 
is tAl be adjusted during the COllrse of the 
measurement, since the spe<:ificd source 
impedance of the genero.tor is b:lSCd 01) 

maintaining the voltmeter reading COII­

stant for varying conditions of load (or 
at. lenst correcting fo r the vl\rifl,\iotls of 
the voltmeter reading). 

Loop Ant en nas 

Receivers using loop antennas are usu­
ally treated io a manner that makes the 
loop antenna the source impedance or 
dummy antenna. In some cases the volt.­
age from tbe signal generator may be 
inserted in series with the loop. Then it 
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is importllllt Ulliot the gcncrator SOurce 
impedance be small ILS compared with 
the loop antenna rcsistuncc. The pre­
ferred arrangement uses a small loop 
untenna connected to the signal genera­
tor. This genet'atol' loop is so placed as 
to couple to the receiving 1001) antennt\. 
In this case tile generator outputsollrce 
impedance is lIsunlly modified by series 
resistance to yield a desired field inten­
sity relationship at tbe receiving loop.' 

H ig h -Frequ e ncy Effe c ts 

At frcqllellci~ of 5 Me Bnd higher it 
is often impractical to make the cOllnec­
tion bet,wecn the Sigillil gC:neratol' :md 
the device lIndt'1' wst 80 short that, i ts 
elT(.'Ct on the mCi\.')urement can be neg­
lected. Then the problcm of determining 
the terminal voltage becomes more ill­
volvoo. Tllis detormination can be m:\de 
in a. number of different ways, bu!. it is 
frequently convenient to a.ssociate the 
connecting cablo with the signal genel'­
a.tor aod then evaluat.e tile chl\rncterlfl_ 
tics at the load end of the cable in tel"lli' 
of t.he open-circuit voltage and QutPllt 
impedance. Wilen thcee c/U1.racteristics 
are available, the voltnge Il.t I he tenni­
uals of tbe los.d can he rlowl'mined by 
tho s imple relationshil' of Equation I, 
where the cnd of tho ('able is taken as 
the generator terminals. 

In order to a nalyze the ditTcrent typi­
cal conditions that. occlIr as a result of 
t.ho connecting cable, lhey can be sepa­
mted into five specific a rrangements, a.'1 
shown in Figlll'e 2. 1n OMit case, the 
connecting cable i" assum(.-'(I to h8.\·o 
negligible 1068 ruld be a Wliform trans­
mission line of charll.(lteristic impedrwcc 
Zo whicb is a pure real, that. is, rcsisth'c. 
(i'urtbermore, the connecting fittings are 
assumed to be a uniforn) extens.ion of 
the line. (For accurate metlSurcmcntol!l Q 

~.-iQ,)'ud. ")I ... u"","t'n~ of Loop-Aut.o .... n. 
ee;v_" l7oc. I.R.S., 20, T. J uly. lOtI. 
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t,!/,hlt, with dip lead,.. ..,hould not 1)(, \I~I 
at fr('{luC'IIt'jC's ahnv{' ahuul ,~, 1Il1'j{11-

t',\'('1('"" Tilt, (.'oa,i:ll fitLing itt III{' {'nd of 
tht.> mbl(' mu:-; t he ('olln('('IC,d clil"<,<,tly 10 

thl' ("lta, ...... i" nf til{' d{'\' icl' nndt'l" tl'!':!.) 
\\'ilh a prop{'riy !nmng:l'd ,wi.-up, Ih('1<f' 
('wldilinlll' an' w'n{,l"ully fulfilled for all 
pradie:ll pllrp~, 

Line Matched At Both Ends 

Th(' fin<t tll"nlllgl' lIWnt , lalX'I('(II\.'1 I in 

Fij..'1lrt' 2 , i~ rt'tuiily :ulalrz{'d, 'I'll{' ('able 
i~ l{,11nin:I\N I at hl)I" {'nd" in a 1'('~i " l:uJ('l' 

{'Itunl 10 111<' ch:lracteri.-;tic' im]If'tlall{,l' 
uf the lim', In thl' fil"!;! ,)f Ihe twu :LiIf'I'­

nll!i v(' ... itllation!<, tht' t'll!)lt' tl ild ~('III'I'­

:1\111" "'Ollr('{' imped:u)('(' h:\\,(' 1)('('11 cho.-:cn 

III 1)(' ft.lik(', In lite ~'oml altt'I'Hltli\'!' , 
Iht> "'OIlI'f'1' impcd:l.llt,c of Ihl' gcnerator 
hII-..; h('PIl ill('l-eiL~{'J h,v tilt' lI~(' of :~ .~('I"ics 

l"e.~i ... tor to a ,'alll{, Cfjual to the dUll":lc­

te ri,~ li (' itlll)('(/aIH'I' of the line, 'I'll(' ollt.-­
!Jut ~y!-; t<':m of tLl(> THE f-lO;'}..(' !"ii,l!.:lI!11 
(:('II('l":Itor il' uf I hi ... t~1)(' \\ 11('11 II~I'(I \\ ilh 
th{' l('I"minntLon unit. The "itllatiull uf [l. 

~l>l)('mll)1" .~ uun'(' impedalH'c largel' t llan 
that of Ihe line j" Hut OftCII l'lIt'OllllICl"cd , 
hilt til{' im]l(,(]lttl(·{, (":.til h{' adjuslf·d wilh 

Z..l. <.{ •. ". 
~ , .. ~~ : { lEJ ·I~.J 
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:1 .::hullt l"(':"I"Ior to ~i\'e a matehcd {'on­
dition , ill whit'h cn.~(' ('1)1"1"('("1;011 mu~I l.w ~ 
made for till' VOIt: IJ({' dlUJI uf the l'01ll­

h; n:\tlon of I"(':<islau('l"'l. 
The t('l"min!IIioll :11 Ih(, In:ld I'lld of 

th(' ('alll(, ill thi ... first :ItT:tng:ell1t'llt 
mah:hc:< lhe lilw, wilh Ihe rl~utllhn\" tite 
voltage along th{' line j" ('onstant il\ 
lIlagnitude hut vMyinj{ in pha,"c, Thc 
iml)('(l:1n('(' 15('('n lookin~ into Ihe cahl{' 
:It t h{' gell('ratul" ('lid i>l tilt' cllaral.'t('l·ist ir 
illlJ)f'(bnrc uf thc t'ahle, !lnd the \'olt:~g(' 
apllP:lrinp:!It Ihi~ ('nd of Ihe ('able i-;; OIlC­
half the ),(elll'ratl)r \'oltage. Thifol \'oltag<, 
is then u ':l. Il ... ft'I"l't't.1 10 th(' olh('I' end of 
the (":\hl{' \\'ithoul uh:mge il! nmgnitnde. 
Thereforl', lhc equivnlent !:'lOut'{'e voltnp:c 
j" one-half til(' W'lIcI'atm' \'olt:lgC, 01' 

H, = He 2. The equivalent ... ourec iTll­
pcdallec is readi ly J'C{'n 1() he a ]l:lraJlcJ 
1'{JlIlbination of a properly tCl"lllinatC'd 
line :\nd a I"('}'i,.tor C(ltlnl in ,':llile ttl 

the <"ium.lclcri:;tic impedtUl('e, Th{' crr('('~ 
livl' "ourcc imp(o(lam'(' is Cflual to flll(,­
hfllf the ('har:u't,>ri';' l Ie iIllIX'(]UIlCC, or 
Z. = Z u 2. This :Il'!':mj{l'mCllt ,e;i\'(',..; a 
I"OUI1',' \'()I1:1j{t' alit! I~ ;'0111'('(' illlpetlllllce 
thai i:-:; independent of frequeney, l'CI'­
winly a d<'i"it'ahlc ('nlldi, ion. t n aetnal 
pI'I\t'ticc, huwc\,(,I'. l"('1;idual reaetallC'(,s 
in the gt>ncrator ami th(' tel"lnillation 
introduce [l. dCI>cudcm.'c on frt'qu<':ncy. 
Thi" beh:wiol' i.>\ illlll'il rfltNI hy the fl'('~ 

IjItC1W.r t'i1!1l·:It·'('l"i.-;ti{' of the ... OUI"('{' 
impoount't' of I 11t' TYI'~, 805-(: ~igtJ:l1 

GCllcmtor, "I\Own in Figul'(' 3. In thi ;; 
gencmtol" the gt"nl'l':ltOl" impl.'fian('l' i" 
75 ohms, and 1 he lCl"I llllmtill,l!.: I'('si"tnr 
is 7.) ohm!-. Thl' l'OI'I'f'~J1l)ndill!! f;OIllT{' 
impe<lullt'{' i~ Ihell :37 .1) olim.,,; at 10\\ 

F Wl"lu: 2. Sclll'l1l:ll.i(' d iU,I!:l":lms of four lYIH'~ 
"r ).,'1'm'l":'lOr output ~y)<tl'l1lot. (',~ ... , \' i ~ til" 

gI'utnol M:'I~ 
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frcf(IIC'1wi(''', The rc:.iJulii inductance ill 
the attcnuator and ~IHwt capacitance 
ill the t('rm inatioll unit, switch caul<C the 
d('viatiulI8 at high fmqllc llcics from the 
lIlW-frfl(IUrllcy value. For m~t applica.­
tion!'; tI,(, dC\'iatiOIiS wown am !"lIfIi­
(·icntly ~mall thnt. no corrections for 
them IIl~d be made. 

"'hBe there is 110 Fitanding wave on 
the cUIIIIC('ting callie with no load on 
the output for nrrongcment I, auy loaU 
will alter Ihe condition of prope l' tenni­
nation , nut! a ~tandi llg wavc will exist. 
un the linc. Thi~ litl\mling Wl~W" ho ..... -
('''Pr. doc~ not. UI~ct the v:llidit y of the 
TI,(,\,puiTl-theorem :lJl]lroach (the usc of 
cquivf\!cnt i"ouree voltage and sou rce 
im]wdan('('). 

Line Matched af 
Generator End 

The 1'<('('ond llrraugClllellt . dmo:ignated 
in Figur(· 2 :1.-; II, i~ probahly the most 
A"t'I1N:lll,v uSt'ful ~Y"lcm . The generatOr 
imp«i:lIW(' i:< mad!' equal to the chill'· 
:\(.'\t'rit'lil' impc<iuu('e of the line with the 
re<ult that till' ",OU1'('C at the ('lid of the 
cuhlc i:< til{' I"llmc :L~ the gencl'lltor e;"cept 
fur a ",Ilift ill ph:\..<;c of the vOitllgl', t hat. 
j"" ! H.I = I Ee I, and %. = 7. 0 , Thill, 
the :<Ollr('l' impr'<i:Ul(,c i8 Z 0 C:UJ he r('..tld~ 
ily :<1,(,11 from the fact that till' line ji; 

h'rminat('d at t ill' ~(,IlCnlt01' end ill it ", 

eh:.1rllCtc'l'it'tic imJ}ednll(,c. Tu ~how th:lt 
the ml.lgnitllde of the ol)Cn~ir('uit "olt­
age at tIl(' Plld of thc eahle if; c<pull to 
I Eo I, l'vmparc tile power :wllilablc at 
thi.~ point to the pO\\'I'1' :~\'ailalJ le :\1. the 
gcncmtor t('mlin:lI>,;. If there Ml' no 
III.''''~ ill the line, the two f\vai lablc 
POW('I'" mlll'lt be the 8:lme. lt follow8 thfl.t 
the opell-cireuit voltage at either point 
I1Imlt hn\'c thc same magnitude, since 
the output imped:mrc i", the ",ame, and 
the SlllYlf' power is /tv:\ilablc. Thi :< ,'oil ... 
age can, of COUl'sc, also be derived from 
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ht; ll lll:! a. OUII,ut InlpOo:illn ('\ \ "f Tn'.: 8Q5..C 
8lI\!Hbrd~~i!t11.l1 GI'neriliOr lUI !I fllJU'Iion of 

f,."qu,·IIt;y. 

tl ,(' Iltandl\rd tr:lII."'mi,~inn· l iIlC ('qua· 
liflll:;, 

This arr:lnb't'IllClit hu., :~ ~ourcc im· 
Ix'(lanee and outl}\lt ,'oltap;e illdep('ndcnt. 
of frcquency, I.Uld it 11:1.<I th(' n.ch·nntage 
over th(' ))I'c"ious !l1'r:t1l~('ml'l\t, t hat., for 
II given p'IWer supplied II.t the b'1lncrator 
\enninllls, appreciauly morc power is 
a\·aiJn.hlc Ilt the outpul tcrmin:ll~ thall 
ill the P!'('ViOllf! (·u..~e. A diJ>advantage is 
that it i.'l h{lm(,whllt mor(' dif1i('ult to 
:Iv"id I\. Ilotieellblc f r('lIU('IIl'Y dcrK'nticll(,c 
of the equivalent :<O\Ir/)e at hi.c;h frc­
qlll'ncie~. 

It. iJ> inter(·<;ting, :llthou.;h not C:AA('1l. 

ti:!.1 to the forcgoinv; disclIs,;;;ion, to 
notice thllt 1I1I1es.<; the load is mntdlOO 
to) the line a marked ~tanding w:\ve will 
exii't on the line, The open~ircuit ('on­
dition is purticul::lrly intcrefltinp:. Then 
the vOit:lgC at the elld of the line rc-. 
1I1:lill.o; in Illagnitudf' nlwfl.Ys equal to the 
generat.or yolwgc Ea. but the volt.'\ge 
Ilt the input to the lill(' varies from that 
value to pmeticlllly 7.('ro lIS the r r(!(lliency 
incI'Ca.<:es frum vcr."low fl'C<llIcncics. The 
tCW val lie of voltllge IX'l'Ur!! for fre· 
qllclieics at which thr imn.<:mi&l.ion line 
il'> an odd multiple of a quartcr wave­
Il'ngth. At ffC{plenci~ higher thnn that 
for which the line is II. qua.rter wave-

-
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GENERAL RADIO EXPERIME NUR • 
length long, in the open circuit. eondi­
lion there wiU be some point. or Imints 
Idnng the line a t. which the ,'oita.ge will 
be pmctically zero. The actual value of 
this " practically-zero" voltage depends 
on the losses in tho line and will be of 
the order of one-teuth toone-thousa.ndth 
of u le generau,.. voltage. 

The length of line in these first two 
arrangements does not affect the be­
luw ior provided tho impedance is prOI>­
f' rly matched. '1'here is then no need for 
a cnble that is pcnnanent1y attached to 
tho signal generator if the connectors 
a nd cables used fonn do unifonn trans­
mi ion line of tho correct value of char­
nctcristic impedance. At ultra-high fre­
quencies and higher, uniformity is par­
ticularly importa nt. At these frctlUenci(l:j 
a succession of oven Slms ll discontinuities 
can cause a very serious degradation of 
the characteristics of a transmission 
system, !md , therefore, connectors and 
cables specially designed for t llis fre­
quency region should be used. 

line Match e d at laad En d 

Arrangement 111 is u:red in somo sig­
nal generators. The transmission Line i.$ 
temlina.ted in its charact.eristic im­
pedance when there is no load on tile 
lino, but its characteristic impedance is 
not equal to the generator impedance. 
Tbe no-load terminal voltage is given 
by the simple fonnula: 

I I Z, I I E. ~ Z. + z. I Eo I 
If the generator imp<!CJallce is flo pure 
resistance, the output voltage is indc-

lK:ndent of frefjuency. The froquency 
characteristic of the source impodl\lU:e 
is more complictl.t.cd, but can be readily 
derived (.-om the transmission line equa­
tiOllS. It clln bo e"llrossed as 

whem l = length of tmnsmis.<: ion line 
). = wfLve-iongth of signal in 

transmission medium 

The source iml)C(.lance varies with fre­
qucn('y as call be seen from this C(lua­
tioll. If the genemtor impedance is a 
]JUJU resistlmca, the souree impedanco 
vll.rics in magni tude as a function of frt. ... 
qu()ncy betwoon the extrem():'\' ZaZ.1 
(ZG + Z 0) (the parallel combiuatiOll of 
Zo and ZG) when the cable is an in~ral 
multiple of a half wave-length long and 
zg/ (Zo + Z o) wh()n the cable is an odd 
multiple of a quarter wave-length long. 
A t these extremes the source impedance 
is a pure resistance, while at other fro­
(tuencies there is a reactive component. 
The maximum value of reactance ocoun> 
when the cable is an odd multiple of an 
eighth wave-length long. For this con­
dition t.he source impedance is 

Z Zo . Z.(Zo- Zo) 
'-'. = 2" ± } 2(Z ; + Zo) : 

Line Unmatched 

The next arrangement, IV, yields 
a source whooe impedance rmd OPCIl­
circuit voltage both vary with fre-

F,'Hl11E 4. Output improll ll rl' I;uld Iloltugo of TVr}: 605-B Staothrd-Signal Gcnerowr IUId Tfl'E 
7N-H. Cllblc 118 a futlction of frcql1oncy. 
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qucncy. The tr:msmission-line equations 
show that tile equimlcllt somee for t his 
line terminated only at the gCllcmtor 
end in u. tesistallce different fro m the 
characteristic impedance is 

Z{Zo + jZ o tan 2:0 
z. = --'-----;:--;'-'-

Z 
. 2.t 

"0 + 3Zo tan ­., 
Z oEo 

Z ( 2'l\ 'z (. 2Tl\ 
~o 008>:) + J"G sm -,;") 

If the generator impedance is real, the 
source varies between t he extremes 

z. = Zoo I B. \ = I Eo I 
when tJle transmission line is a multiple 
of a half wave.-Iength long, nnd 

J UNE , 19.' 

z ~ zi 1 E 1 ~ Z' I E 1 " z' • Z G "0 G 
when the tmllsmission line is a ll odd 
multiple of a qu:wtcr wave-length long. 
At these extremes the source iml)cdance 
is a pure res.ist!\nre, while :lot other fre­
qUCllCI there is u reactance component. 

This arrangement i~ the one that 0c­

curs when the 'PYr': 005-B Signal Gener­
ator' is used with I~ TYI'E 774-H. cOlLxial 
cable. The TYPE G05-B has u. to-ohm 
n.ttenuator, and the cu.ble impedance is 
72 ohms. The measured rcsulta for the 
C<'lui vn.lcllt source of this COlllbin:l.tion 
are shown in Figure 4. The impedance 
WIlS measured by the '!'YN; 916~A 1ladio­
FI'C<lucncy Bridgc and the yoltage was 
mCf\8ured by comparing N.'Ccivcr re­
sponse with aud without the cable. Aa n. 

FIOORtl 5. Sumlfl:J.ry of impodnncu and \'ol~ge chn.rneteril!tiC8 of tho four types of terminations 
shown in Figure 2. The relative I)hasu relatiollllhivs of the velt.l~ IlI'O no, included, and i~ i.a 

A88umed tbat Z ill allUre resistallOO , 
, u m m 

" <, <. < -"- -Y. -,- • Z,'Z. l._·~' . ll .... ~ 

'. 1- '. U 1l' jl . ... .1{Ll !1t~I& ... .qL1 
U.'ZoI11. j, .. ¥ 1 l.,)Zo-';:" 

• 

~, 
I 

[, .. , ~-- , -, , , , , , , , 
T 

, 

,., 
b --+- LZ , Ii V: : , ' --- -1-, , , , , , 
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rcsult. of dcp.::utul'C:; fl'Om the idealized 
conditions of tcrmination, the f'<Juiva. 
lent source impedance cannot in general 
be ensil)' calculated. The actlllll value 
of sourcc impcxbncc can be most rcadil,\' 
detcrmined by di!'cct mCiJ..<;urcmcnt with 
n. bridge, for ex:ul1ple, the TH~: 9U ... A 
Rudio--Fl'C<juellcy Bridge, 

General Case 

TIll) fifth arrangcment, labeled in 
Figu re 2 a. .. V, is the general cn.-<;c with 
terminations at both ends, Fo!' this ca.<;e 
t he equivalent SOUl'('Q L~ 

ZoZr E. = EO( 2.1 
Zo(Za + Zr)COS>: + 

and 

1 

"(" Z + Z') " 2. 1\ J "0 OfT ~o Sill ~ ) 

• 

This ea.<;e i:; illdudcd onl,v to cOlllpletc 
the I'eoord, since the pl'Qviou:> ones arc ..-... 
speciul ('ases of this geneml one. 

Summary 

In order to detcnnine thc voltlJ,f!;C 
applied to !\ device from a, signal geneI'· 
ator it is necassur)' to knoll' the load 
impedance, the characteristics of the 
ronnecting ('able, and the generator 
volt.a.ge and source irnped:\nce, T he 
second a.nd thil'(l can be comhined to 
give an equivalent SUUl'ce fOl" tlw com­
binatioll, CllItain i:l pecific chaJ'acter i ~l i c' f'; 

of gellel'l\tol' a nd cable art:> to Oc pre­
ferred for t hL., ('''{Iui\'alent r-ourC(l, nOl~lbly 
t hat in which the generator impe<ianl'c 
is equal to the chllru,CWristic impedanc(' 
of the cable. l\ lea."u z'cmcnl., made with 
a rad io--frequency bridge arc the m();1t 
reliable method of obtaining the Ilecc:-;· 
sary impe<i:uu,'t' val UCti, 

- AI~NOLD PEl'~;RSON 

MISCElLANY 

• Among the recent visi­
t o r s to Olll' labomtorieti wcre the dis· 
tinguished Hl'itish physicist, Sir Robert 
Wat.<;on·Watt; Dr, Alfred L, Loomis, of 
the ND RCi Mr, Joh:\n C. Lagercmntz, 

our reprcsentative in Stockholm,Swed()1l : 
andi\fcssrs, JmgKellel' and Jacque, ... 
BaCl'locilcr..saJlUSin, of the finn of :o:ic,\'lfc'!' 
and CQmpnny, ZUI'icil, I\'ho Z'CPl'C!iCllt liS 
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