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OFFICE 

• T a ASS 1ST USE R S of Ge neral 
Il adio C({lIipIIlCllt in the Ch icago ami 
mi(ldlc 1\estern area, the Ge neral HtHlio 
Company is ol)C ning a Ch icago engi neer­
ing o ffi ec 0 11 DCt.-c mbe r 1. 19'~3. The nc" 
oflicc is 1000u1c(1 at 920 South \\li chig:m 
lh c lI UC. Chicago 5. and the telephone 
llulI1l.K'1" is \"Tabash 3820. 

In charge of this oOlce is Lurius E. Packard \\ 110 for the past th ree 
)cars has been ill charge of the New York engi nee ring offiCt'. \Ir. 
Packard is a gr aduate o f t he \l assat'hu:«- II S 11I ~lit lll c of Tedlllolog)" 
"weivi ng his UlU.Jlclor of Scicn('c Ilcgrcc ill 19:~.'). Previous 10 his assign . 
ment to tllc Nc" York offiN', he lIas a 111(> l11hc r of the fm' lory engineer ­
illg SlafT UB(I lIas engaged in ha th developmen t Ilnd commercial c n­
gineerin g "or"-
Cu" loTl1('r~ ill and arou nd Chicago al'l" urg:\-d to make II~ of the 

flu-i litie!;; of this nell o lfice mul to gel in louch "j lh AIr. Pael..artl 011 

all mailers rt'/!arding General Hallin eq uipJII(,1l 1 111'8igli a lltl pr()(;ure­
mC1l1. His e\l)Cric nl'c in the appli cation of our inSlflllll('I1 [S Hlill h is 
d ose con laet \Ii[h fllctory I'rO(luc lion "dl('(lul.'s !O holll(1 Jlw lc i-ially 
increase l ilt' .' ffil·it ' l1 l'v lIi tl l IIltieh lIe ('1111 ;<en -c Ollr mid"cs terl1 
t.:tl8tomcrs. 

NEW YORK OFFICE 

SlIc(.'Ced ing \Ir. Pael..anl al l he Nell York oniec is \ larlin A. C ilnlllll 
ur tl ... f,wtor) Ctl bo1 l1l'erin g 8Laff. 11 grariual4' of \l as~al'hllse t ts In;; lill1le 
(If Te.-tlllolog} in 19:17 lIi th t hc degree of \laster of St· ien!'c. Lil..c \lr. 
PlI<'l..anl. hc fla" l)Cc ll engaged in hOlh dCI'I' loP"Wllt lind eOllU1i\' reia l 
engillt'e ring "ork at the fal'lo r ~ ,111.1 I;; al1'("ad ~ \It'll 1..1Io\\n in the 
\e\\ York arca. \" 11 re m in,I"I-. the 1\ ,.\\ YOI-1.. 01111'(' luhlrcAA is Hoom 
1501. 90 Wesl Sired. :'\e\\ York Cil~. und the telc phone Ilumlwr i.; 
Cor tll1lldt i-0850. 
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GENERAL RADIO EXPERIMENTER 2 

RESONANT VIBRATION IN 
LA R GE ENGINE FOUNOATION 

live. \l.I)EX'I"EIt I :111(1 \1. K.NEIIII ,\ "\ ~ 

• V 18 R AT ION in a large ('oncre tc 
fll ilml ation tlilit 1111" in ncar rcsonance. 
II i til the gear IIlc~h fre(lucll("Y of ;t pinion 
on a largc Corl!!'s engine ..... as IIIHl.lyscl1 
re('(' lltl ~ "ith the aid of the vibration 
meter alI(I SQullll analyscr of the General 
Iluflio Company. The problem arose 011 

mill cllgillC No.2 on thc grindin g tandem 
of the U, S. Sugar Corp., Clewiston, 
Florida. TI.i s grindin g landem ('onsislsof 
11 SC l of r CI ol"i ng kni ves, a 2 -roll crusher. 
allli scncn 3-rol1. 78-i ndl mills. Thi s tan · 

'1:::".,.-. (, 10" II;,,;~,. ]"e .• N ... YOI"k. N. \' .. 15"10«­
d __ :r M.n ....... U. ii. S", •• c.w.,. 

,..hy.'''' n~I"" c"h""I';3 Un' .. · ... ' . ,. "01 ... YOI"Io., N. Y. 

Cop.·."h., 1943, C." .... 1 Ihdio Co'UI"" '" Ca,,,[w,.I,., 
.II ..... U. S. A. 

dc m holds 111(' II 0 .. 111' s rct."oro l for i t S~il.c in 
the a mount of sug:lr cane (Tu,.hc,1 in 21 
hours. Hamel r about 7050 ton$. 

Ell gi ne No.2 is a 36-ineh by (iO·i nt:h 
Corliss engi ne Ihal 0 llCrates al 1010 70 
r.p.m .. (Iepending ou the amounl of sug· 
nr cane bei ng crushed and il s fiher con­
tent. Il eecnl. examination showell Ilwl 
its concrete foundation was vi brating 
badl y and that the amOllllLof vibra tion 
im;rcascd with the load on the b'Timli ng 
I amlCIll and 1\ i I b I he specd of t he e ngine. 

The e nginc is one o f three on a large 
eom:rclc foundalioH , about I ~5 ft. long, 
40 h. I' ide. and 11 ft. Ihick for 01 Cl" one· 
half its ',itllh. Thi .,; cngine ,Irins threc 

FICURE I. The grinding t andem of Ihe U. S. Sngar COrp .... ralion 
at Clewiston, Florida. Mill engine No.2 i$ the cen ter unit. 
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mills of the grinding tllnde m lhrough a 
Set of fi ve htrge gears and three pinions. 
The (olllu.lalion is 0 11 the typica l muck 0 11 

sa nd 0 11 porous rock o f tbe Evergl:Hlcs 
\\'here the l\alCI" leve l is ubollt thn.:e feel 
below Ihe surface. The unusualullturc of 
the soi l made the proLlcllllllore difficult. 
AlllJOugh there is II definite friction 
againsLlu lcrallllovcmcll1 of wa ter, Ull ir­
regular IUl erallllovcmclI 1 dO(;s take placc 
ill lhe soil. 

The first reaCLion to Lbe l' ibraljOIl 
problem wus that the cOllcrclc founda · 
tion by settli ng unequally was causing 
misalignment of gears that produced \ri_ 
brIllion. Four deep wells nearby WCf e a 
pMt of tile problem as they drc,,' about 
550 ga llons pe r minute and caused II conc 
or depression iu the ground Wilie r level 
th a t extended under the concre te fOIlIl­

llalion . \,\:Teclcly Ic\'cI readingson various 
('onlrol poiots on Ihe concrele (oulIlla-

NOVEMBER, 190 

lion alHl groulill \, ate r le\ cl were s llIfwd 
to (leterllline whether IIIl r se lllelllcut 
was actually t aking place . An analysis of 
the load on the soil froll1 the foundation 
alld its machinery sho\,ed tllat the load 
was fairl y \I e ll djsLributed and was about 
0.8 !.ons per s(lunrc foot . This amount is 
well within the lillii t that cx perience has 
sllo\lll 10 bc safe for £\rc rglades COIl­

(Ii tiolls where drainu::,'e ditches lire in usc. 

While the preceding \lork was IInller 
way, u \' ibration meter and a souud or 
wa\'c analyser of the Gelleral Budio 
Company were brought into usc by :Mr. 
M. K. Newman . li e fount! thal the 
\' ibration of the mill engiue fo unda ­
tion could be broken dOlln \lith tbe 
SOllnd analyser int o severul {requeu­
eies, one of which wus identical \li th 
thc fre(lueucy of the geur mesh of the 
mai n pinioll on engi nc No.2, the others 
hein g lIIultiplcs of this frequency. Al1 

Jo'lCUIIE2. Compound arnplitudetl at engine No.2 u me" sured 
on concrete fOlindatioli .... ilh T YVE 761·A Vibruion Meter. 
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GENERAl RADIO EXPERIMENTER 4 

frt'qllt' IIt' ic" in tilt' fou nd a tion I arih l \\ i lh 
the spccd u f ell~ illc 1\ 0. 2. T he ,i J.rll li ('," 
me l,' r I"'rtllill cil Ihe llclermina lion o( 

ampl itll lit's o f ,i iJralioll , Iel/ .... ili,·s. a tlll 
accelt' rlltio ns .Iut' to cat h (requc nc),. The 
frcl llu: ll t'} "11I.'(' lruIII of II,e a llll ,lilluleil 
.~ hO\I".1 lha t IIIl' !Hos t illlj"lOr lant c fic "l 
Ill." th:1l ,Iue to Ihe ~ ing lt'-mc", lt fre· 
'111('/11') o f Iht· ma il! pinio n 0 11 (, IIgine No. 
2. Thiit ,i brlltiOIl \, as foulltl III e, j,.1 
Ihrol1 ghuli l t he fOUlul a tiou. \ complc te 
n-"I)()n-.c churn" t(' r is tit' o f the ffl llll.l lt t ion 
\I a" tokcn lip to Ihe It ight's i cnginc " 1J('c ,l ~ 

u3C11 unol a de fini tc rc;;.onalll't' I'f' /l k II al! 
fo ulld (or a '·'j/I" lunl ... ihr:l.I ing: fo n 'c /I t a 
fl'l.' (lu(,lIcy t'orri' '' ltOllding to 1111 t' 1I~inc 

61"'eJ of llbollt 68 r. p.nl . 
The. prt"'Nlin g fill'! ilJlIll ed i lltel ~ sug· 

g"6lcd Ihul ti ll' pinion migh t be a l flildt. 
\l eas urc lllelll S "ere lakc n tha i .. ho ll ed 
the pinion lias in l.IOOr alignmen l lIit ll 
Ihe IIH) la rge gears i l dro it' . Pla~tcr o f 
Paris. ('11,. 1" of Ihe It't: lh of lilt' pinioll nml 
Ih,' 1110 bca rs it drOll' shm"cd 1111.') 

" cre Il orll, 
\ ca l"lIl a tion of Ihe fo ulI,hll ion 111041 · 

\llus b) 1II,' lU I;o o f 11 tllelho, l dc,c lopo:' d b) 
\1. .\ . Hio l fo r li n infinile bl'/IIII 0 11 lUI 

d a;; li<: (Ollnlillt iou (.JoHrnul o ( '\pplit'll 
~ l cd ,a niciO, \I a). 1937) lind the Ul>C of 
me thods oullinc.1 by S, Timoshc nko ill 
" Vi brutioll Problems in Engincc ring" 
"ho" c(1 Iha t thc mill -engille fOUlIdllliol1 
hu.1 1'(" I'ru i na tural frt'quc ncics t ha i 
" ere I(' r) d o;;;(' to fre{ltle/lI') o f dIe ~ea r 

tIIesh uf II U' ltIuiu pinioll on c n~ il1 c No, 2. 
TIll' rorccd I il,ralion " roLlel!1 \\ II" so l, ell 
fIJ I' a IH ' lUlI 1111 1111 "Iasli .:; ftlllll,lalio n . '1'11(· 
1I ;lte tOllcS! 1I1O. lc~ o f \·ibruliUII 1II' rc 
fo ulld lu \'o nlrilmli' appre.:; iabl ) 10 114e 
n '",1111 i n~ , ilJrul iun . \I it h t hc 51',;01111 hur , 
tIIQll il' in he ml ing prCIIOlll il1un l 1Jf'I'a u:-c 
in 11e/lr rc..una UL ..... The «,sulting di ~ lr i· 

1'lIl iun of IIl11pl il ll llc of , ihra li,)n ~hltl, c {1 

111I' "u l1l (, l} piCIII f'.nn Iha t "a~ , )l l lllil, t'd 

" ilt. a Da ll ':' \ ihroulelcr, TheSC lluta 
i' lIl'po rl et\ Ille ('O llI'lu~ioll re achCII "ilh 
the iu."lnllllcul J; of lilt., ( :ellcral H.adio 

CO)lIll'aJl ~ tl'lIl the lI1ill"' ugillt: fO llnd a. 
tion wail in IIcar ((';o.Ollam ·, ' Ililh II'I! b,'l\ r . 
II l1'sh fn:: ' IUt' ttt:) of Ihnt pinioll . In o tl ... r 
\\ 'Jr,!!". tile !I"lplillllle" o f III\' ,·ihrat ioll 
of ti ll: ,'<)Iwrc tc fOll llllntioll l\t·rt' grclI lI ,' 
mabnifi, 'd. 

The It' ld reruli llb'S 11 1:\(1 ~ho IH' , 1 IllIIt 
t\IO or lhree l.lOinlj! nt' ar e ngi/lt' No.2 
0 11 Ihe fountl lli ion SC III l'11 at high .;peeds 
o f thai engine lmt (lit! nnl a l 10\\ " IJI..'Cils, 
Thi ~ fal'l is cOllfirma tion of thc coneh, -
8i0 l1 tha l ;;c lllf' llIcn l is ,Iue 10 , ihrllliOIi . 
\lII pliltulc of "iiJrlllion \\lIS II little mOrt· 

titan 0.001 iudle,; II I II frcq ue ncy o f 
a lJOu l 30 c~ de;:; pcr St;1'ollil. 

In ml{lili"n to till' prcI'I.-di ng, 1111-

II1crOliS o ther ~ tlHli" !I IIl' re nt atk 10 114'11 as 
possihlc lI ahl,lc o f III(' f1 ) "llel·1 o f c llginl! 
1\0, 2. "os.~ ihlc IIH),;t' fOUlld ltl ioll 1./0111' in 
the (,ase pilitc of the c ngillc. s tres~!> ill 
g,' ar leet h due to the 111'11' ) loml 011 lhe 
~ri nJ ing tandc m. e tc, \ ,Ie tailcil diM·us­
sion of 1111 tl un. I,a .. llollc is Olll ~If 

place I,Cl'c, 
T h., l1Iel cr!l or lite t :,'tlcr"J 1((141;0 

C"lII pall~' I' crc ;;Clcl'!C,1 ( 111 ) " fler a .Id · 
illil e !\t' tIn·l, IUII I l!Ct' lI m ad., for lIIe tt'r:, 
tl lat 1'1),,1,1 he 115(',1 t.} u II IlI ~ ...e I ibra lions 
CIII'Ollntt'rNI ill I'llrl rro/ll ti ll lHl lle,lII1 soil 
l'olltl il ion . The ir sUI·Ct,~,.ful ll pplicu l ion 10 

Ihi" problcm 01.ICIiS UI' a III! " fi4' Iti o ( in , 
, cstiga l ion 4111 1111" Il(: lJllI'iour o f l'Ollcrcte 
fo ull.l atioll ;; un.I,' r \ ihrll lillg' 101l11s. This 
llCt'OUlI l is pro hahl) lile fi r.n Ilcscriptiol1 
of the appl icll1 ioll o f ti ll' me teri' of l1u' 
Gellera l Uadio Compan y 10 a prulJlem in 
Ihe resonan l \ ibratinu o f a Ct'4l1're l,e 
(o uuol a liou , Wi tl, lito",' mf;lers. il lias 

PtJ~i ble to anlll)sc Ilk' I'I'0 hie m l'O ,Jer­
illile! ) tha i tllc l'lIl1M' lUiti cnre of tilt' 
\ iLra l ioll coul.1 be gil CII "itll 4'ulIsi,ler ­
ld,le n.: rlaillt ~. 
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5 NOVEMBER , 194 3 

MEASUREMENTS OF THE CHARACTERISTICS 
o F TRANSMISSION liN E S 

• THE PRO B l E M of 1II('llsurin g t ilt' 

i'hurut'lcriSlil'S of Iransmis"ion line;; is 
frt '( (lwlI ll) ('II('Olml l'rc,1 holl! ill the lah· 
OrllIOr) IIml in produc tioll leIHi ll g-. TILI'fIe 
IIlca"lIrl'lIlcn l 8 ( '3n be rumlc CHII\.; n · 

it'lIll ) OIl s iandurd impcllnll li.'- IIWasllri ng 

I'IIUiIJIIWTlI. 

The IHctlIOI:i5 ill ('0111111011 lise .100pO:II(I 
upon (a ) Iht' IIIca"lIrc mcn l of input illl. 
l)eflunl:c for \arious condi tions of linc 
tl'rlllin:lIioll or (It) the ob~r\a l ion of 

\ollllge (01' (,lI n cII I) 81111'1ilmh' Iii inpll t 
aud IJUt put . 

Input Imp edance Method s 
In ttrms of Ihe 80-(':1111:(1 ·' lI· leg­

r:l phi"t"1I 1'111111 1 iOIl8" the hc llll\'ior of 11 
lran;:'lI1i~!.ioll tine i" tldlned II) tllc "bar_ 
ilc'!I'r;i!'li,' illl pCflam;c (usual!) dcsigmlle.1 

,-... as Zo)anll lhc complex propllga tioll nln· 
Slant ("Y = 0 + 1'fJ). TheS!.' t\, O pnr:IIU· 
c lerS of the Ijlll: cun be speci fi ed ('om· 
plt'ld~ h) 11,0 impedance mcusure uwlIl " 
a t the illPllt 10 Ihe jine, (lIIC \\i lli the fllr 
e nd shorl.j 'i l'('u iled, Ihe Ol her l,il1. Ihl' 
far .-n.1 OI)('II-!'ircuileti, DCi!ignnl illg Ihcl;(" 
I\\() impcdnnc{'s 118 Zsc and Zoc, rcspc/'· 

li ve!) , \\1' \ ' :UI \\ :,';,,'c"-;; __ 
7-0 so \ ZscZoc ( I ) 

IL. 
",(I "'" tanh- I , Ii! (2) 

\\ here I is the I.' ngth of the liue, ill .111) 
l'ollleuie ul llIl it ,., 

\ \'On ~il ! c rnl io ll o f tl1l' \' ari ;l l joll of 
iUIl" t i lllpc.lanee ;15 the lillc lcll g: lh (nr 

Ihe freque nt') is "nril'd reHnls that Zo 
and ",(I n Ul be .)b lll in,-J from C(: rlain 
~ I o('e i(j (' (c lt' j, t ricH I) leng l hs. These le ng ths 
nrc Ihc q unrl c r "a\'cll'lI~ lhl(or i ls odd 
IIlUlli plc",) from IIIClI l> ure ment s o n which 
the allcllllal iOIl eonSlalll (u ) i;; read il ) 
de,l uct:d , ami lh!' I'ight h \\3\cleng lh (or 
i ls (l(it1 multiplcs). fro m " hie!' the char· 
IIl'1eriSlic impI'd31111' iii mos t accuralely 
.IClCrminc,1. 

I r bolh 1111' freque nt'} o f tncusure lllc n I 
li nd IIlc length of thc sll mple lire spcci. 
fled , t ile shor l · 11TH! Olll'n .eircui t calcu· 
Ili t ions iu voh cd , par l it'ul ll rly for ",(I, arc 
!>omewbnt a" k"anl, '\l c<llSu rcllienlii a t 
spcl:jfic Ic ngths are mon' 1:00n cn iCll t 
:md ;;houl.l l;..- II,,{'(I if ei lher Ihe lenglh 
or the (r('que lH') call be adjusletl. 

Attenuation Measurement 
at Quarter Wavelenlth 

Tlw in put illl pcclaiwe of a liuc tcrmi. 
Ilatl',1 III UII illl IJoCdIl Il C(' ZI' is give n by 

" Z.,. ,'ol\h 'YI + .%0 ~ il11t 'Y/( 
Z," ZoZ . 1- ' Z I ' 3) 

J'j' !' II I I 'Y + J() cos I 'Y 

For a liue 
short ·cireui ted 

one ·q uu rt er·\\ a \' 0:: 

al Ihe rC'1"i"ing 
long 
end 

r 
(fJl = 2' 0 ,.., 0 ) lilt' inpu t illlpr danec 

" Z,~c = Y-o(,o l1t ().1 ( t) 
For lho:: S1lrllC le ng th of linc Ililh IIII' 

(' nd open·circuile. l, t h., iupll t iIll Jl_.·(!ancc 
;, 

7.« ... Zo tllnll al (S) 

F1t:LKK t. I" (II) lI nd (h) :Ire "ltd"" 'h" "wlholi~ of u~illg an au,\iliur) r"~i~ l t)r 10 IlrioSI in locating 
Ih.· rr''IIOIt·OlC\ flf (IUllrlM',w;l>" rao'-'U:lUl',· ... h"" II." r., .. 1 "u"'III>II"nl of th" ;"I'UI imp'ed ance i~ 
""I-i, I., du' ,lirn'l.r,·" ,I',,)!: range Itf II", '1'1 I' ~~ 91 (,. ,\ lind 82 l •. \ . rt>iI~li,d}: ( .. ) ~ho .. ~ lite con_ 

'e"huuIII.,.eri~ Cllpuci lOr ",;::11,,)0.\ r"r .,,.'unlle nwa"urC'""nl "illo Ih" 'I'll'" 821. \ , 

"r-------------------------------
". ~:=3 TTP~ --:on 

UNKNOWN 

I_I 

'-" '~= D-tf rr-Y= - 9 
'TyPt a"IA ~c' • .. 
UNII NOWN 

«) 
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GENERAl RADIO EXPERIMENTER 6 

If £\'1 « t. the illpl lt impCftallccs can 
INl l\riUcn in the :lpproxi mat(' form 

Z Zo 
-sc = «I (6) 

Zoe = Zoctl 
The input impedum.:cs rCl'rcSt!IIt, '(1 h) 

(6) willilave .. Iigllt reactive comflOn(lnt s 
froJli tllf> rcacti,e cOIUI}()nCIlI of Zo = 

Ro - jXQ• Conseq ue lJtl ). il is dilllcuJt to 
l(}Cat e ex-pcrilllcnwil)' the true quarter. 
wave condj tiOIl. Prllclica ll). 1I0\\"c I'er, 
"0 signj/ican t error I\ill be in trOtitl(;e<1 if 
ei ther the condition of .. .cro reac tance or 
the comlilion of nHu:;IIlIl111 input resis l. 
ance is de termined. The 1I10si convenient 
mc thOt.1 10 u;;;e will (Iepend , to a CNtll;n 

exle nt . 0 11 the maguituJe of the input 
resistancc aU(1 upou the instrument ubed 
for measurement. Neglecting the e ffeets 
of thc react i ve eOlllponell t, Xo, Equation 
(6) Gall he rewritten as 

al = Ro 
Usc 

a1 = Hoc 
Ro 

Eqllation (7) ) icill s IIccurate 

(1) 

results for 
attcnullIion cons tunt , as lile quanti tics 
illl'I)lved can I~ dclCl'lninc{1 II itlliu a Ic,,' 
per ce nt , and the formu lae lIrc va li.1 to 
:Ibollt the Sil ille il\·cura,·y for \':llucs or 

Xo 
Nl illl.1 I?o SlIIall l'Olllp:m: ,1 to unit y. 

Example of Attenuation 
Measurement 

\ le ng lll of eOllcl'n tric cu ble (Gc neral 
J(mlio 'I' , 1'''; 774). a hOllt 11 7 fed 101lg, 
was found to ha vc ils quarter-II ave rcso· 
nam:e ut u frcljucuG) in the \icini ty of 
1.25 IIlcgac)cles. Tbe inpllt comluclanec 
for the shorted comlitioll was fOund to 
00 outside the direc t.readin g rall ge of 
the T"pl': 82'I .A 'I'll in-'!' J IIlpcdallec 
Measuring: Cin' lI i t, ami lIas nl/lasured 

by the ItIc tllOl ls indiclIte.1 ill Pignre lb. 
"!tllOugh IJes t l1(,:c Ul"ac)' is ob ta ined by 
the use o( all :lus j lillrY series capacitor. 
a" illd iGa h' d ill Figutl· II' , the. IISC of 11 
scries rcsistor simplifics I he prQl.-es" o f 
finding the resislullCc lII (\xi lllillU . 

The rcsis t:lOlx' Ill aximu ill (condllc, 
talle'· m inimum) was locale(l a t 1.26 nil ' 
lind fOlilid lo be approxi mllte l)' 1325 
ohms fro lll the sc rics resistance nle thod. 
A morc Ilcurly aCeura le measure lllcnt 
usin" the series ca l)ueitor '"me thod l "llVC o _ 0 

al) input resistance of 1370 o hms. 
T he chllracteris tie rcsistum .. -e, Ro, as 

detcrmiucd fro Ul lIleasurcmcnts ,Ie· 
scribed lat er, is a bo ut. n .s oluns. T he n, 
from Eqlliltioll (7) I'" h(lI'e 

72.5 
(XI = -- lIepc·" 

'1370 

= 0.0521:1 nc pc rs 

The at te nuaLion constant at this fre­
quency is, therefore, 0.211 nerll!rs (1.83 
db) per wa,·cleng tb.2 

The same cable was measured 0 11 the 
1'\' I'E 916·i.\. Hadio· Freq llenGY Uri{lgc 
for thc IOhort-cirCliit. condition, A sull­
Stillilioll lIle thodJ as indil'atell ill Fig. 
ure la II liS used. The da ta obser ved were: 
Il, = sao ohms (co llllcctioll liS ShOll II ) 
H~ = 998 ohms (cable djsconlleded) 

Jl;" 
580 X 998 

995 - 5RO 

= l 380 ohms 

A mcasurClllcnl was a lso Ill ude for till' 
opl" I-I 'irl'uit cOll di tioll 011 I ltc sa lll(' 
length of cu bic. usi ng the Tn'E 916-/\ . 
This measurement is fJllrt i,'ularl y cou­
ven ie nt , as tbe input resisl3111:C is "i t'hi'n 

II)""";hed Id del. a '" ',,"'uel'on book r ... '''''r" 82 1. 
~o,,~ "el .. r _ 8.686 d""'bel .. 

rn ........ t>f • I •• r. liel c.""."or ;. dOr .. ,. II,. _._ 
.... nded. Tb~ "" .. II<:I ,. ... _ ""', ........ 1Io .. · ••• r, itt ""m."'"'' 
more ... ", .• " .. ,, ' ;n u" • • IId for Ihi"'",I;""I.r ..... ",,.., .... ,,, " 
I •• d. I .. abo", ""' ... .... 1i.,. 1 ' ''''Yra.".. 
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tile dirt'lo t-readi ug ra ng .. of IIIf' bridge. 
'l'lw oh....-r\ ed inpul rt'sis i;lIwc ,\1.", 
:t(~ ohms'. frOIll I.h ieh 

3.68 a' - -- = 0.0507 Iwpcri< 
72.5 

'I'll .. , ell/'i l k ltetl'''cn thl" , .... u val li,'" of 
0:1 Hbl Hi HCfI hy .liITcrc n l 111l' Ill<)tl ... .-.f 
lIH'aSIl(C Il1 (' n t. i8 lieC Il 10 be II jllti!! ± 2t\. 

Colll pnring the IWO ins lrUlII~ 111 8, th ... 
THE 916. \ is fouml 10 hn\l.' Ii .Idillito, 
mhllllllig" o,er the 1'n>E 82 1· \ for thl' 
(0110\, iug rcason;;. 

(a) Till' initial ba lan l.-C is , ' irII1I111 )' 
independent of fre<Juc nc). allt l Ihe (re· 
quelle) of 1I1I1:\:illlll lll (or minilllllm) (I' ­

.. iSl llm-e ,' 1111 1M' iocatcli rnMC reudi!, . 
(b) '1'1", rcsista llf'C dial calibration i;. 

inlil' l'c lllienl o( frcl/IICII0), SOllle" ha I 
.. impl if) ing the cOlllput a t ions. 

Characteri st ic I mpedance 
Mea sur ement by Open - and 
Short· Circuit Measurement s 

The ')ptill1l1l11 Icngt h of line nn .... lIi,·h 
10 lII uk(' IIPl' II' and ~h(lrl·cin·uit 

ill'lJC,lanl"l ' nwa~lIrcmClll s i ~ 1111 eigl. th 
IIHlcleul; l h. \1 II .i ... le ngt h II II' magn i. 
tl.de" ,)f IIU' I II (, ill 'l,edam','s are lIfJp,'\)xi. 

matel) "quill. II it h react ivc eompo llcll t" 
o)f opp<)~ill' ~ig ll . \Ii;o. Ihe resi" l i\(: !'Olll' 
IlI)'h'n t i" ,..1I. all. ,11111 \I"n lillie ('rn,r i;;. 
in lnllhll'l'd II~ ('oll~idt'rillg oll l~ th(' re' 
adi,t' t'u"1flUncnL \ ~ lI lI l'''"l1pl,'. Ihc 

f,.1 I. '" i . tl! ,)1,,,., r I III iOlls "ere nl:lll.· 01' I I ,~' 

"n .. . ', ... 1", • • ,'..," "- ' Itn"u,;,," ,,( II .. ','"" '1'('. \ I, •• 
• ...,,, .... .. 0, ' '~ .. n , TI,., • • 1"" "f 3,611 .. 'h ...... r ..... "b,. c' 10 
." , .. ..". .... ", ) of ,h ...... 1 ... o f :1". 

FIO.IIlt; 2. I'I"I~ ~Jo",,;uJ! 
,1,,· ,:or.;";",, "r ;"1,,,1 r .. · 
.... ' .. 'w .. ;n Ih.· .. i.';II;\> ,,( 
,h,.. ";Jl.h,t, .. "",t.·"",f, ~" 
"1o.,·r,, .. 1 ";110 (Ill' th., 
TI"t; ')1(0. \ w,,,1 (10) It ... 
'1'1'1" !t!I . \ . '1'1 ... i,",'r· 
".'. ': , ... , J!i' .' . H"""rll ' ~I~ 
.hr n'l.1 ".>1111''''1<'''' or tl ... 
,·I,ur;.,.., "ri~ ~ '" ~ i,,, I "" I i' ,H', ', 

• , , • 
.f-
• 
, 

• 
• • 

1-.." 

;1; 
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pic lT tlf ,'al,I" prt'ljllll .. I., di~'·II .... ·e,1. al a 
rn:'fl,cnt"~ ,)f O.6J 1IIl'J;lIl'.,d,·,., 

Zsc :: i + j 7:1.0011111'; 
Zoe = 2:.5 - j 71. I oltm~ 

Z IZ Z ~ () = \ ·sc '-'OC 

= \ '(7 + j 73JI)(:Ui - ji l. l) 

~v'5238 - j 31H 

j {).0(i1 

= 72.3 - j 2. 1 ohl11;; 

If Ihe rellctall"C t'ollll'ollcnts oll l} of 
Zsc and Zoe l\t'rt' lakCII, II,,> magnitw/e 
of Ihe cilara"h'ri"lil' impedanre 80 ealen· 
lalerl .... ould dilTer b) onl ~ 11 fcw Icntlls 
o hm frolll Ihe eOiTeet \ Itlue, 

Thc Tll'" !)16.A ill p /ll'li!'lIlurl.v con· 
I'r n ielll ror Ihe eigllih 1\ItH!lcnglh 
IlieIlSUreIJ1(' n t. ilUlSIIlIU'h :t~ bOlh com· 
1)OIIc nis fall "ilhill the \lirl"(·I.reading 
rll nge of Ihe hrill g~'. for t·it lll'r con<iilion 
of lI·rlninalinll. 

The ;;horl· IIml upt:ll.eirf'uil impcd· 
IOl('e measur"II1ClIl s ('lilt l"(I',ally well he 
m arl,> on the T\ , '~; 82 1. \ , .... ilh Ihe 
mh :omlage th"t Ih(· n'al'lu ll ,:C ' ·OOlpu· 
n;: 1I 1 is Ilclf'rl llilwd fronl rhr' r"ll( lill gs of 
a preci ... ioll ('OIl"eIlM'" \I hi,'10 Iu!s an 
a,'Cll r /ll'y or ± O.lc (. Th,' ' f'lI'!;; 321. \ . 

hOl\CIt'r. has Ihe di",u(h nnlage that the 
input reaclance ('11111101 IJc measurel' 
di re('I I~' al IOller fr'·qw· ... ,ies . and an 
.>,terna1 flerie;. ,'apadll)r IIIl1s l ht' II::-ct!. 

T ht' elTel'lile inpul . 'apa"itaIl N> of Ihe 
e ighl h., .. ale Ijut' IlqlC lI.I", of cou ri;t'. 
1Ipon Ihe freqlll·Ilt'~' TI.e apprQ"imate 

• , , I I I 
1'-. • ~',-j/ ,. 

.;;-., , , 
jJ' f", 

. 

i'. 
y I" • I • • 

f-
"r,,, i,I,'oI (" Il' < < t. ,60 ,61 ,6l.63 .6" .650 

'"[QV[NCY IN ... e, 

,a) 

,60 ,61 ,62 .63 .6" .6~ 
rll[()tJ[NCV 'N ... c. 

Col 
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,olue or Ihe .. fTel' l i,e inlm l t:apaeillllln' 
a l a ll } frequenc) ('lUi reallil~ he {'s ti · 
m aled , liS the order of IIlllgn ilUile of II", 
dlllnu ' lcr is lic i"' l~dlln ... e is wHlIIlI , 
kilO .... n , We ma}' .... rile 

X Z 
J 

.J f .. =±"()""---"- (8) 
wC 

.... hen' tis tht, efTecl i \{! ilipul capari lanC(' 
ami may he po~ili\l' or nl·gali , e. ' If the 

Iypical \-ulul' of 70 ohms is lukell for lo. 
Ilw ('ff('c ti v(' cn pll!'iIlHll'I' hecomel'o ap­
proximately 

~ :noo 
C-j 

"Itl''''' t is in I-'j.lf 011<1 / in lIIegacydl'~. 
For llll) Creq ul' tW} 1011(' r than oho lll 

1 ..... 0 rnegac}'d es, Ih it; ('upal'i IIiIlCe is 0111 . 

sid., the direct rungl' of the 82J ( 1000 
1-'1-'0 lind II subs ti tu tion lII('\h()(1 11111;; 1 he 
resorted to us.ing 1\ 8t'ries I·apm'ilor. The 
method is iliustratNI in Figure ]c, IInll 
the inpul rca,' tllll l'C ClUJ III' exprc8$('11 
di rt'C II , in terms of obSl'f\ cd dlll3 11 ,~ A 

159.200 
\" - ± fCC. (c. - C) (9) 

In this "xpre;l;;ion C i;o the o L,o,cf\{'d 
ca pnei t anl'C: Ili lll Ihe councclioll a ... 
8hOl\ll in Figm c Ie. C" the ,'ulue ob· 
tained .... hell the ('n h!f' input i", ",horlf'd. 
nlld / Ihe frcq,U'nr y in rllt'gul'p· lc;;. 

Examples of Mea su r ement 
The eighl li -III1.'j'1t: ng lh frCl llle ll l'~ for 

Ihe iWction of ('uille u l r;'ud~ ,liseu""c.1 i .. 
nboul 0.63 lIIegae~ I ' II" \1 Ihi". frerlu;'lll'~ 

~ I , .. ...,,, ....... ,, •• ,, rd", '" r"', . " "~ i", .... "-, .. ""." ...... 
,"" mea. u"n • .-i«.;,. ",e ra" .",""'''' . , . n,l .. d ... 

IITI, .. ~" ...... "'" i • .all,t .",1. if ,I,~ ... i.",e _",",,, .. ,,, 
"f.bot In"", in"",.J.",..,; •• ,,,.11 ...,"" ...... ' to ,"" "'~,,' i.~ 
<'Om,",,,,,n', '11,;. ""ndili, .. , i ... ' .. r. ... 1 .. 'he •• ",,10 ....... -
Ion.d,. 

the in put ca pUt'i l ll llee ,)f Ihe o lJl' Il ..('nllh l 
line is abOIl 1 3500".."..r. frolll E{luutioll (8). 

\n all'l:iliar~ snil'!' I'a pat'i tnr of !I 1","1 
700 IJ.j.l f \\11;0 ll :('('d . !I II,I 1114' fo llol1 jn g .In I H 

o blnined 

j - 0.6~ 1Ill' 
C = 51QLi I-'"..r 

C" - 709.7 ".."..f 

( l:j/).200)( 709.7 - ,iRH.;) ) 

(1),(,:\) (;iR8 ,5 ) (71)lJ. 7) 
= n.3 ohm,; 

Fur Ihc 81IQft-I'irl'u il con d il ion. al Ihe 

sallie freq uent;). the d a ta "cre 

C - 372.8 JJ.I-'f 

C .. :. 336.6 "..lJ.f 

X;" - 72.8 ohm s 

In Figure 2 is I'h,,,, II H 1'101 of tilt' 

o L8<'ned inpul rcu(' la ll('(l for II() III .. lImt · 
anti opcll ... ·in·uil "oll lli, iol\ ,; o,er a nnr · 
rOil range of ffl'tlllCIW~ ill tlu.' 1 1(·i~ llI)or . , 
hOOiI uf the fn" II U' IWI. R . 

Tlw "<i llatiuns 111111 ('01111'111111;0 11" j ll !" 

presenle rl halt' nl'gll',· tcd Ihl' real I'om· 
I'onc llls or t lli' in I'll t illl(ll'lllllw(,f!. T akin g 
1 hem inlO aC('{I lIn I (f,)1I0I1 iug til{' " ... Iltml 
of L'{Imputat ion /lull illt'll ill tltt' in .. trll (·, 
lion book for tit,· T\l'E 82 1.\ ) Ihl' re' 
!llIlls I,cre 

7,,(; :c 7,0 + j 72,H 
/-(K .,. 2.8 - j oJ,:! 

'\ ;1 "illl III;' Iluia l·i h ·1 1 for Ille " \I't-. 
9 16. lit ... lIegll·t' l "f Il lc r;·~ i;;lilt· ('HIIII'II-
1I(, lI t aff{'I' ls Ille lI !ltg-ni ltllle of tilt' 1'111"11-
luII'd Zo IJ ~ II llt'gligi l,ll' llHHHUiI. 

- 1\ ,\-': ( ;. E\.,:TO\ 
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