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a definitely related Government procurement operation, the U.S.
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| whatscever" and the fact that the Government may have formulated,
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in 2Ry manner hcensmg, the holder or any othwr person or cOrpors -

tmn, or conveying any rights or permission to manufacture, use or

: .
K sell any patented invention that may,in any way be related therew.




PR~ . S e E
- ] § | S s 2 . |
) ; ,‘: 2N N - - B X
AR ‘ o ] '
) . ¥
fooan Bo ot . o )
,'{ s . - =
¥
G \: T -?5 .
N N St o
& %%, . L
s ?Q g ) S T :
- -(?‘ T ‘-- N . " ol
N N - Y 5 ,
S - . : -
‘/-‘--.: ) e ?’“_;JV'_: T -.ﬂa";_" ;:‘;—-tbiﬂ"‘""a—ovi\" e “‘"'4\\ \J?“ °%
o oL T ' e %wwwrwmf *Jsuwm"ﬁ L‘T‘fﬁ’”{fﬁﬁﬁ""wy’/wf v-n;\ :
= ; ) UNCLASSIFIED E ;
t ATI 152 293 (Copies obiainable fiom ASTiA -DSC) ’
RE : 1. €orps -Engineerin Labs,, Sauiss-8ignai Lab. , Fort Monmouth, N, 7, . o
K 7 < -('ujech Mama No: M-1344) g I . 5
i Méastisement of Transmission Unbalance of Duai Coanial and Twin [ .
3 Coaducior-Cable. = and Appendix : .
- - _ ) : ; .
‘ Bady, lsidare 26 Dec'S0 13pp. photos, diagr ; i
) Cables, Coaxial - Testng Electronics (3). | B

Calilés, Radis fre quency Testing {11) ) L g
Transmission lines i ) S i

o R B ’ UNCLASSIFIED ) . ' -

i

R - - i - &)

8 Cey

. v -
N B N : N
- . 0y - .
\ i
™ Ky .
- = M
_ . . S
- S - —— e
- R

- - — 3
~— N b 3

B

= “
B

3
' N .

t 4

wr f

E3

X

(,\‘
|
i
>
COTIIRSIT -
v e o~ e e gy et B R e s ey

o

e A b B,

2 “ ik HE -, Tt
B s £ A e 8 hee Al e RS

[
T e uw«!"; l«}*(.'m'* PP




EQ’ N ol "’o‘ AN e R 11
w““'::n J‘? «:,5‘ ‘S; “5 ‘5-;
o *
AP
i :
ECh b
¥
k3
g' .
¥ . E
e '
x,
; : :
o
éﬁr ;
- (]
¥
n ¥
y
R IR "-- L] B
] ) i
Y R E - ﬁ§*’¢a&, m
is- "E' : i At .
fow S S P .
iz o e :
o B »':‘E""“"‘!, & 5 *
d ? &ﬁ'— v&?‘;m .,m V-’é‘ b’:-!’ g;!,:.n h.g = :
i, i {;’Jr?-:-" - el a-_ib».\,._ 1, )
e % . et “.:.‘.‘_'.. .._ ...‘ £, R on M
3T o \.,}p- s “...,,,,,.,‘ ) it e Tt ;
3 "r"‘m SRR Ay :
. ST A .
fw ﬂle’Q 3, . &
W@ o - - N
i ; . y
LR S :
{1 = i
E7 S R .
o -
g \-nilf : .
L 0
W‘%‘.r" --,.‘Ma.\mwk_.mrq :ng’ogg:m(: 2
Zh e g, 508 A LRI '
3
A
‘
; e 0
: S R.,,;,,..‘,u,;l:
i -‘.‘ P
73
+ P o
y :
" 190MH;
. LN -
o = ; 0 s 1
: k& - ' ' A
crg . A N o '. .‘;,. $d®° e
T -, e e s Y ‘-"’W-V 7
et et N A G AES
RN o ;,. e *u.\" e '-\-’fﬁ‘ﬁw& ‘%-?,m,m.;>
W0 G v AN 0
RSB TE AGTT T TS e S e S S B S TR T




e 1
S, e ?
= \*:\K#‘-

gk

¢ {
61
Sl

'

bt b‘?fgﬂs

ey

A
5 Wy

[

ﬁﬁﬁf‘: -

oy

A oagt

g
1

~t - A

‘UNCLASSIFIED

MEASURKAENT OF TRANSUISSION UNBALANCE OF
. DUAL COAXIAL AKD TWIN GONDUCTOR CABLE

BY
ISIDORE BADY
26 TECEMBER 1950

ot

Gép:w Yo. /’:5.

Signal Corps Proj. Ho. 20061
Dept. of the Army Froj. No. 8=26-00-601

. PERFORMANCE ‘TEST SECTION

. COMPONENTS AND MATSEIALS BRANCH
SQUIER SIGNAL LARORATORY
FORT MONMOUTH,NEW JERSEY

UNCLASSIFIED

[N

Ve K, Y

(‘,\"\ .

Shee &

TR Rt

|
'
I
& oren o o e

Con



e T Smee e ::-»j— T R T R AT T TR e R T e T - - -
= MEASUREMENT GF TRANSMISSION UNBALANGE OF z
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': tol Lerance. It is not necessary for Ri and R2 to be equal %o B3 and R4, but ‘ail
of these resistors should be, equ&l the matching résistance of the cable to

MEASUREMLNT OF TRANSMISSION us.. ““GB OF
DUAL ‘COAXIAL AND TWIN GONDUCTOR bABLE

i, FQREWORD AND PUR?OSFq The measuremnﬁt c¢ **ﬂﬂemieeicn unbalance is

- e DA

raquired in the Joint Arm Army<Yewy Specification JAN-C-174, e’C:a“f:lesss, Coaxial

axid ?wih—conduc%or, for Radio F*equeaey ? for RG»ZB/U and RG-24/G. The
neapurement of balance ratio; which s ssssntially the inverse of transmission
unbalanee. i required in proposed. amandmemt 2 of JAN-C-172 for RG~22£¥U and
Howaver, there i8 no .well definsd or generally accepted méthod of
making these%"easurem@nts. Tt 18 the purpoge of this TPechnieal Memoranduz to
degeribe & test set and the.test procedure developed at the Components and

E“terials Branch, Signal Corps Eng neering Laboratories, to make these
measuremgnns. . :

2. SUH%ARY: T?ansmissien unbalanca of dualrcoaxi&l and tw{n conﬁnntor cabiss

-------

' The frequency range covered is L %o 25 mc, “and 100 to 160 ch aa requirad in

Tﬁm-c~17A~ Howaver, the seme techniqueg can be used over -Larger range.
A dese ;puion of the comppnerit parvs, and a u;scusszon of sote of the factors
involved in the design of the tast aet are includad in this report°

3. DISCUSSION: o

a. vefinitiom of JFransnission Unbalance and the Basic Hethod. of Measurement.
_%he def;nit :6n of trarsmisaion unialance and the basic method of its maasure—
nent, as desc:ibed in ﬁhis Tachnical ﬁemorandum; is ag followse

Reaer to. Figure 1. This shows ‘the basic test. equipment set up to
‘medsure & twin conductor cable. However, the fellnw1ng digcusaich applies

s

equally well for dual coaxial céble.. Note thet the resistors Rl and R2 heve

been gelected to be egqual to one another %o & very close tolerance, and similarly,

‘#he two resistors M3 and R4 have baen selected to_be egqual to. @ very close

withiu a few percen* Goas;de* the case when Rl and R2 are connectad %o the
sxgnal generator. If the two h.lves of the ¢dble are completely alike, the
voltages across the te"minating resistors R3 tnd RZ will be 2qual ia magnitude
and phase, and thers will be gZero voltage difference between the high
(ungrounded) ends of R3 and RL« Howewer, if therg is someé difference betiween
the two halvea, the voltages across R3 ard ¥, wi11 ha. uﬂequal im magnltude,
phaga, or both, and a voltage difference will exist betwesn the high (ungroundedy
ends of P% ané‘Bgo “hq traqsmission unbalance of the $s+ cablc can be defined
a3 the ratio of #hie vector difference betneen the two voltages acroess the
terminating resistOrs t6 one half the vec tor sum of the two voltagea.

CIv is thus neceasary to measure the ratio of twe vclt«ges to determine
transmiSQIon unba¢ance‘ Conside: ggain the .case wh-ﬁ,_@sistqrs RL and R2 are
both gonnectéd to, the signal genaratorb ‘The current Tiowing through the
terminatlng coil yil; be proportionaL to .the vector dif:erence betwaen. the
two- volbages across the terminating, resistors. Hence the current through the
pick up coil and the readlng on the VIVH will be.praportiuual %6 the wector
difference between the voltages acrogs the termingting rssistoers. Considser
now the cése when Rl 18 grounded. Assuming (¢or themoment) that the impedance
of the terminating coil is very hi gh comparsd to the matchiﬂgbresistors, it is
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apparen* that the voltage across R4 will be the same as originally, when RL

was connected to the genorator. For all practical .purpoges, this is one “helf

the vector sum of the voltages acrogs the terminating resistors im
orig;nal sondition. 'This voltage i§ acyoss the terminating coil, since the
jmgedende of Wi¢ termingting coll is assumed very high compared to RB and Ré.

Bencs the. ratio of. the. reading of. thew RVl when Rl 1s connected to the signal

geaerator to the xaaainw of the. VTV& when Ri is. connected. to g*ound is equml

25 tle vraﬁeﬁi§w¢vn anbalance of the test cable.

The' following formal definition of trensmission unbalance ia centaxned

in pafagr.ph F-22 of the Joint. Arny-Navy Specificaticn TAN=C-174; “ﬂables,
Cotxial and Tein- vonductor, For Radio Frequency."

is términauou in 1t characterisiic impsedance (center tapped o shieldD is

Ideflnad as' the ratio of the magnituce of the vector difference of the voltages

" Ber6ss ‘eAch half of the termmnating rasistor to one half the magnitude of the
- vecﬁnx su_.of the -tvo woltagesd,%. - .

%he nefm balaacu ratis; whiich is the inverse of transmlssion unbalance,

is defined in paragrapn F~23, amendment 2 of JAN-C~174 as followss J"%The
Balanco fatic ig measured and defined as follows: ‘The cable under teat is
eonnected betaeen g suitable generaton and receiver matched to 95 ohas input
impedances voitage V1 is applied between the two conductors, and the
recsiver o~t§nt noted. A volbaga is then applied between the two -conductors

_tied together and grouad and raised to a value U2 so that the receiver output:
is the same. The ratio V2/Vi shall be defined ag the balance ratio.®

. >-k Descr g Lon of P&rts“ ~

(1) Junciion Bax: %he function of the junction box is o provide for
‘connections between the éable, input resistcrs; and genersior. A4 photograph

of the junctiod box used for @G-42A/U and BG—lllA/U is shown in Figure 2s
The juncbion box fided for RG-ZB/B and RG-24/U is identical except that. the

opening for the test cable at the input end is a little larger due to the

fact that RG-23/U and RG-24/0 are larger cebleés, * than RG-224/U and
RG“lllA/Uo “The cable ia’ held to the Junction box by means of a simple

braid ¢lamp. A peir of smeil brass & ‘unli.g bars are used %o connect the

résistors to the inmer -conductors of ‘the cable. The uge of these small beré
Bakes it unhecessary to solder the conductors o ilie resisters. Additional
small bars arée uded t0 make it convenient to comnect the ixmut resistors o

the signal generator or Lo ground; as desired. Care must be taken in

construcbigg‘the Junction bex to preserve a very high dsgree of gymmetry for
t+he two halves of the cable and their conmiiections. The stray capacity and.
stray inductance of bokh must be as identieal, as possible. The matehing

_resisnora Rl and R2 should be aqual %o ore another within a§ cloge .o .

tolerance as possible. In the c¢ase of KG-23/U and RG-24/1 twhere velatively

‘lov transmission unbalances will be encountercd, it is desirgble that Rl and

R2 d6 net differ by more than 0.25%. In the case of RG—22A/U and RG-1114/U,

where higher transmissiou pnbalences ére ensountered it is desirable tha+

Ri and B2 do not differ by more than 1$. Care must also bé taken o select
matching "eazsnors that have good high frequency qualitxes. It has been

found thet o pair of ordinary 50 ohm cumposition resistors that were matched
to within O. 1 percent when measured on & OC Theatstone Bridge; nevertheless

TH-M=1344
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The vesistanceof "Ry puould be sbaat one tenth or 1éss of tle
matching reaxsto*sc Its funciion is to enSure that the impedance of ths
_ gemerator, ag sgen by the innut resistors; 1s low.

diffexsd by sbout 0.5 percernt at 25 me’gs.cycieac 7 f;
k]

’(2’_) Temm'bing Box: 7The terminatino box containg the temine.ting
- ecoil; the temmauiag v‘snistora, the pick up coil, and the @atactor. . ,
Photograpbs of the terminati ng box are gshowm in Figures 3, 45 and 5. The A
best ¢gble is held to the temine.ting box by means of a breid; ciamp. A iV
pair of sma.u. brass couplivig bars connect the termingting coil to the inmer
conductors of the test ceble. The teminating r£§18t07‘9 are connected
between tlie brass bars-and grounds The comments made Ain segnion Bb(.l.) :
- abourt resistors Bl and R2 in the junction box, aﬁply equally well to. i
‘registors R3 and B4 in the termina ting box. 'Ehe terminating reszstors are )
ericlosed in a little comparmem‘, by & emselveg, il pyder 2% chi¥ld them . ) - -
~ fron- the teminating coil. ‘Tné reason for tnis is that the. current in the 1 '

_resist tors me¥ e compardble in some c&sas to the current 40 thia ‘eminating N

=1 wnv w
eodl; end if the elewrama@euc fieid of this current were to réach the

qick Bp cﬁil, & gerious &yror would resu],te Thé facigsre involved io the-
\,uuice o;‘,;nductance for the terminating ceil are digcussed in see‘tiaﬁ :
33{)j. ‘The industance of She pick up ¢oil ghould be such th«t L can be
*m.fae& over the. desirqd requan"" range m.c»muaien*‘(’.;y, I the 'cem..z‘.ating ,
box \‘};at is used with B n?e,:g,-a ‘aand RG—247769 vhere the test Irequeney ““d is
1 to 25 me; the indgc@ancﬂ ‘of the entire ‘coil is 2.5 microhenried, _ I
variable ca.pacito* in the terainating ng box can tune this coil from 45 mc to
about 10 me. A type BNCG receptscle is commeécted to %he capaeitar 8¢ that
external capaclty can be 8dded easily, and 8o cover the entire frequency )
rangeé. In the. terminating box used with RG-22A/U, and RG~ llliyﬁ, werdddte test
frequeficy bax;d i& 200 o Y60 me, $h& inductance of the snbire picn up: coil

is 0.3 mig¢rohenyies. The variable capacitor ¢sti tune the coil over Lhe
entire teat frequency-bands Tuning the pick up coil can be dispensed WiEh

if the VEVW has sdequate sensitmitv sg as not to Fegnirs ’;he increased
voliags tha'o the tuning brings dbout, o if a signal ge ensrator with & large
amount, of power is- ayaj,],ablep Also, 3 semsitive radio receivsr mzy be used

in place ef 8, VIV, . In this case, ths ergtal detector net.wor}r is re;noved

and the pick up coil need not be tuneds

[
' .
HE—

a
1

b
e - B s e o s

. ‘.ifhe p:wk up co:il 18 shielded S0 as tq prevent gapacitive o
crupling to the tem:gnatmg codl, Hence, the fact that the términating coil
i ywell above ground poi;ential; does not induce’ s voltage in the pi ck up ;
¢oil, HoweVer. the shielding is such, ag not to prevent the current in the J
termins t;ng coil from inducing a voltage in the pick up, coil The shield
consi.st,s of a met,a,l can covering the pick up coil. 7The shiea.d coritainsg, two -
windowa, one at each ‘gidé of the ean facing the termiuat.ino coil. In front T
of each window there is a row of metal rods. One end of each rod is soldersd o
©O & brass bar Wpich is in mrn soldered to the cahj hcweve;, the other end = :
of each rod is open. fhis const,uutes & faraday shiédd, which prevents i
caparfvuwe eoupling , bui perinits the current in the terminat ng coil to . ;
induce a voltags in the pick up coil. o .

. —————— = —— . PR N '

.
T
N P I N D S IR ey

.‘E

c.. Preparation of Test Cable, and _Test Procedures ©he cable ends are
prepared ds shown in Figure 2, and then commected to the junction-spd term~
inating boxés. %he appropriate matching resistorsd must of course be .used.
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Discussions of matching resigtors are contained in gections 3b(1), 3b(2),
aad 3&(3), The signel geperator and VIVH are ccnnected. One imput resistor
is eonneeueu to the high terminal of the plgnal generator im the junction
box and he REET coqnected to ground, ‘The signal generator ia set at & test

) frequency, and §he attenwator in the signal generator eet at a convenieeb velue,
The pack up. coil 18 tuned for maximun deflection on tue YIvH and the reading
noted. .. The greundeé input resistor ie mow conneeeed ¢ the high terminal of
the generator and the ettepueto. getting of the._ signal ‘generstor. decreassd
%311 the VIVE reads the pané aa, oreginallyo The ratic of the imitial t5

. finsl sebting.of the.attenuator (converisd to-a voltage ratio) is the trans-

, ' mission. unbsiance ad ‘that fa‘queney._ Thie proeedure is repeated at othe.
frequenecics. throughouu the. tegt band, The number of fxequencies through the
test frequency band at which. measurements are, to be tdken will depend on
mhaé-knn -ﬁ-hu tast waaulic -Inﬂ-‘nni'n & :'mm&?.l'ﬂv mwipag +mnnm{ gl on nn’hn’lance’ or
one with gharp maximg and mipime,' In any event, in the 1 to 25 me .band
measurements. thuld'be nade at interyals of npt greater than 1 mc between

o 20 and 25 mec and gt inteivals not greater ihen 2 me inm the intePwal betweén
1 and 20 me. In the 100 to 160’ ¢ band, measuremsnta should be mede at
intervals of not greater ihan 5 mc, In either frequency ‘band, if & maximin
in %ransmission unbalance is indicated between two tegt frequencies,

addigional tssiws should ueamade between these frequencies to definiuelj establish
the maximum. .

-

An e!ternate prece%ure is 8 foligws° With one of the input reﬁastors
N grounded, and searting with the higheet test frequency, sget the attenuator to
" secure & convenieént readlng of the VE¥H. Note the attemuator setting.
Decrease the frequency in suitable steps, tuning the pick up coil each time,
. and noting the setting of the attenuator at each step necessary to give the
¢ same VIVM redding. This is done t111 the entire frequency band is covered
The same procedure is now followsd, but with both input resistors connected
to the high.termlnal° The,transmission unbalance at each test. fxequenev can.
readlly-be determinedg_ '

fhe measured uransmxsslon unbalance may depend to a small extent, of
which input xesistor is connected %o groumd a8 indicated in the appendix. ‘
_However, the diffecence i& very emall for small transmisgion unbalances. If
relatively high ransmisgieh Lab&lences are enpcountered (greater than &bout
0 .1) measurements shquld be made with egch input resistor cofinected to ground
in turm. If there. is an appreﬂiable differense in the’ measured transmission
unbﬂ‘&nces the true valus is very ciose %o the sversge of the tws meaqurements,

ds MiSL Zi.lameeuw*~

(1) Terminating 0011, In section 32 of this report it vas aspuned,
for the purposée of dlscuss1on, “that the impedance. of the termi&atinn coilX
is high. It is imporiant to determirie Just how nigh the 1mpeuange must be
in order to ensure accurate measurenents. An'°“-1yeis of this factor is
made in thg appendix. The -analysis BhOWS nat the meagured transpigsion
unbelance is independent of the impedance of the termkggtihg'coil., Thel

¢ only effect of a  Very low impédance would be a decrease in the sensitivity
of s Sysuems_ it shoul& Be noted that faiﬁzy 1arge standing waves nay

Y +h° maﬂ"‘fude of the standing waves will be differenf denending on whe-her

TE-H=1344
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Of not one of. the j,nput *eg;.qtors 1g connected % grc.mdo Iri'avevs,x"; the
analkys s is valid- des*-r.e this. - - . . . R B

.

v

. The higher the impedance of the terminat: ng coil, the smaller will .
be the aoltage dnduced in the plck up. coil for-a fixed woltage scross the
texrminating coid,-. Enis.follows from the fact that for a fixed voltage across
its input, Lhe. fiux inducecz' by & coil of the dimensioaa used in the term- -
inating coll is oughly inversely proportional to. the number of turns.

Hence,. sbray voltages. induced in.the pick up coil by. imperfect shisiding will

be. proporbionetely more significant the higher the impedance of the coil.
It is therefore desirable to keep the inductance of _the terminating coil %o

& reasonably lew v«lne. In, measuring RG-23/0 and r-zl./U ‘céble., the t,e'm—

inating coil heg an 1nductance of approximate;{y 3.9 microherries. 1Its
impedance at 25, 10, snd 3 me is 610, 245, and 73 okps respectively. Vhen

" the balance of %he equipment is checked by connecting the junetion box to
. the termineting box by means of & very shorth. J.ength of cable, it is found
-that the unbalance is 1leéss Lhan 0.00%5 over the entirs Sest freguensy bana

e i AL d o

In meaguring RG-224/0 and RG=1114/U cable, the terminating coil has an
inductasice of approximately 0.5 mj,crobenrias, Its impedance at 100 and

160 .@c. 45 715 apd 500 ohms-respectively, The unbalance,of the equipment =

ia less vhan 0. 01 Lrow 100 tc 160 me.. ,
N (2) Inpedance of BG-23/U and B&-224/U Geble: Tne BG-23/U (pnd -
RG-24/U) cable consigte of tuo sepavasely shielded coamial cables, FEach of

the, caaxi._al cableg has an_impedance of 62.5 omms. Hen the RG-23/U ig

operaged in & balanced mepner {(also: called Series operafion,; ot push-pull

'.operation)z, the *mpedanre of the. cable_ is. 125 .ohms, the sum of the impedancs

A

62 the separate partg. Whon the RE-23/U cable is operatea in an unbalanced
manner (elss céslled parallel cperation s or push-pusk nperanion), the impedance

- of the.cablé is 31.25 ohms, or half the impedence of each separat'a part.
Fhe gmpedance whén operatinp in an unbalanced ma.rmer is thus one foufth the -

mpedance when..operating in.g bale.nced manner. . If the ¢table is terminated

- with a resistor .éenter tapped to gronnd the cable will be Dropem.y term=
inated for balanced and unbsuemced operation vhen eacn half of the registor
ig 62.5 ohmpe. _ _ :

. The B@-QQA/‘J {and RG-alllA/U) céble consists of a pair off 3 “4nher
canductgrs surrounded by & shiseld, ' Since they are not mpm'atelv snielded
it is not. possible ta make ag analogy, to RG-?.B/U gnd consider the cable as
being made up of . two separate cables with the same propertles that exist in
the RG=23/0 ;;able. .%he: iupedance of the RG-224/U cable when opersted in a
balanced Ranper - ig 95 ohiwr, -the value given in the specification sheet. for
the cableg. The _.mpe@ance of the . cable when operated in an unbalanced manney
is abpuy 45 ohms. This figure w.s obtained ‘by substitution 6 tke constants

- of the cable as givéen in ths specification sheet, in formula L on page 325

of the "Referenee Data for Rsdio Engineers,® third edition, published by

 tie ‘ederal Tel@phone and Radio Corp.. The impedance of the cable operated

in an urnbaliancéd mgnner i thus oné half. and mot one fourth of the impedance
when operated in a balaanced manner. If ‘the RG-224/U cable ig terminated with

" a registor centeér tapped %o ground, each haif of the resistor should be 45

o¥mg for balanced opexa %.:Lox;; and 90 ohms for uambalanced operation. It will
be noted that in the procedure outlined for measur ing balance ratio, as

"given im the proposed amendment 2 to JEN=C=1T4; i w %ill not be possible to
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L o e
e = s W

= matoh the peceiver properly with the. same terminating resistors for both

T conditions,.(a) when the voltage le ‘applied hetween the two cenductors, and.
. {p) when the veltage 18 appllied botwess. both conductors tisd together, and
;'f' gfoundmu Lo e . ) )

gﬁf ' oo (3) Inpub eaistorss: In the defimition of transmission unbalance
- - given in Paragrsph F-22 of JAN-C-174, it is vequired that the transmission
wt Y Iine be terminated in its charecteristic impedance, bub nothing is seid of
o -~ impedence matching at the inpud end. In the definition of balence ratio .
o L - {neluded in the specifisation gheet for BG-Q?.’B[U, the input is matched for
EAR one condition, but not for another. It is therefore pertiment to inquire
how thé value ¢f the input resistors effects the measurements. A complets
3" analygis of large mismatches in, the input registors is complicated. However,
an example will suffice to show that this wonld efféct the measurements
Refer to Fig. A-3 in the appendix. - Lét us suppose that the only cause of
unbalance is the fact that one halif of ihe cabile iz a little different in
‘electrical length than the -gecond half, but that in every other way the .
cebleg asre equal and both conform to all nominal specifications. If the
input resistors are matched fo the test cable, then B will oqual 1. Hence
; : -ghe ceble can be replaced by an eguivalent cigcult of two branches in
' a which the equivelent resistance of.esch brench is equal, (since the equivalent
il iy : resistange of a transmission line vermjnated in its satching impedsnce i,
independent of its Tength) But wiith different equivalent voltages. However,
i1f the jnput resistey®-are not equal to the matching registonce (though
equal to ome anothier), bthe equivalent impedances as well ag the equivslent
voltages will depend on the electrical length, end both parsiteters will be
different for the iwo branches. Hence, the messured trangnission unbalance
- wildk be different. from that measured using magehed inpud resistors. o
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W}.. Proof that Impedance o“ Termina’cing Coil Does Not Ei‘fect Acmracy of
: !.ﬂ.eaaurehle..t. : . -

J S

The circuit for maasuring t.ran,mission unbalance 18 gwen in Figu’re 1. “The
cireuid shown below is the equivalent of that cir"u!.!’., and i more conven:nent
P67 the following anslysis,

Fige A"'l
N ; pu’o voltages, both equal and in phase L
:_'E? ﬁ&tﬁh hg rGSiﬁters (for conwnience, a,ll equa.l) _ : o

T At - Batio gx impedance of terminating. voil to imgedance of B. a
In the case 6f zero transmissn.on unbalance, the circuit in F‘ig. A«l can be -
repmced 197 that showm._ in "?ig. ”A-Z.j
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other half, tﬁa transmission unbslance

commmence Let up agsume: that the
thut case, "ig.

4§54
+.

Fieations, and thad the.
A=2 becomes;

0t that one half ¢f the cable s in any way ais

- R
e
s Ve Qe
: S BR
o - 5 ] B
o R o Fg ﬁ-,—s“““ = s s
J 3he Lranspission urbuance is due %o

and electrical lengin di
the bominal impedance;

obher 8D, 2€%0)
whalance is due

than poginal,
egual. one.’
-angle woukd be zero. If.
the - impedauae rof the bovtom la AL

“Fhe*

3ifferent from ﬂl&fo Of
ghen B would egual l.
but its sbsolute magn

“pud in-all other- ‘respects” &

€ ‘apd B will in genaral be compiexo

tr'ans‘mi.’ssiuq an

Lev us’ ‘Cuﬂﬁ'! der now t’wt 4 is
rihalange, 88 defined i pars

- of thi Technical”

Diﬁ erence 6

‘Memorandum) , the
in Figuze A—-B ie o6bbained as fo]lows"

ghigolnte masgdtude of € would be isss
the transmission unbalan

..he bottom hali‘ of &
the top half,

i‘ volhces acrose temmatinﬂ resistors

V; (/- iw,! V

{1~ﬁ5-f

(;+ﬁ)

14B#2C 7

Q(lf‘ﬂﬂmj

If the tr
toom half has. ap attenastion other
onfores to nominal, "B would again -
than one, but, its phase
s s due Lo Tne fach t;mt

R R e A b

T At e S e T

§farent from the
will be greater than zeroc.
“top half of the cable conform;s exactly to

bobton ha:mr aema%a.a in gome way.

For

- -

the cabl.e hav:i.ng
it still having

€. would have g small phase angis
jtude would equal 1.
1o the fpct that’ the bo

of the c&ble ig i Vierence “From pominal, then
infinite. ’L‘Isiag t e i anous denm:.ﬁa:. of

‘of GAR=C=YT7h (See Section 3a
ansmission unbalance of the network shown
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- i R A NP = o A oS W = PP it ;_,.,,——::?v P -____ﬁ_A R 'u'—_—_— ——‘."%
i ' =
= In the actual test yrocedura, one half the sum of the voltg_ges iz not -
™= actually obtained. Ingtead ths procedure cells for short circuting the top ;
. or bo! h‘tom si.gna.l generator. J.f he -top signal generatoy is shorted, the 2 G
voltage acrogs the i:-e ating coll (A infinite g '
;. @ 8¢ mw & (. L)m/gw ) ; ﬁ‘;
= and txxe mea.gureé i‘aranamiss;on uﬁbalance s Ti¥8 !5 T s é’
‘ e ! V !+B “JC’ "# 6 B I_ .f-émgc . i e o w e o (g ) ’;Z A
b A(1+8), . % L 3
TREL N _ If the botvisem aighal generator is Bhorted, the meaaured transmiasign }
fgz* unbeiénce is , , -
R V #B-3C 5 2 /4-5--2@ . ‘K?j o
3 Ve , se-e T % “
ﬁé 3 ( / + 8) Vg ’-#‘ 5) - ' %
It will be no+éd thaf; for valués of B and c close to 1, the trangmission A
) unbalance obtained in equa‘t;ion \l) ia very close to the average obizained from o
= equations (2) and (3)e » .. 2 -
S : C _.’“ :m".a S
f B Let us now conisider the case when A is finite. Referring to Fi-g-.; .;fxa.-B"_tt-
§e will ¥ we noted %h:::o the voltage acroés AR i& given by -
S . Y S e ’
e o Jag oV .
W - -.@»Tfééf:ff@)‘ - 3
"3 T A . o . ) , s =
Jr g0l Ak
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