i
1

?wp ¢ Revde ! Rook Uhopree 1 Chuwelk Stouwk

e
b
g
2
£
2
=2
2
e-E(

TRANSMISSTON LINE ANALYSIS

C TThe . obiedh O? TWie ‘oool< 15 o buld a
rmodel  fot \}r\«\& sya%e_m represented 1At
flogur® and  to use the model to predict usge-
FO theradderichice andh modes of oPeration
g Sx{e-\r@_m. The veoder 1o ascumed to have o
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o We will aitemt o Siad tle Vo,“rud-)é Viay and,
the  Cureent T(z) for 0<2<d. To stert we need
b model for Ahe transmission lines Hhek tokes iato
ceownt the Capacitive | induwctve, tesistive | and
condaNue  progeries ol tle calle, Tha one depided
1A —F\ej..wt @ wi y':e\o\ goool resulds,

e

— "I(%fA'z)

INCH Ve

~ Noke Yhak Tia) ond Vi) are ghasors Yhas
Ve, 0= Rel V@ e’*] ond Tczo = RefTwe™ ). Alse
note thad Tigure @ represents o sechion of 4he
o Arensmicsion._lines. Az dono. Y. .medelsa s the condackive
. copacitve Charechediaties of the line. and -5 Aelined
as.  feollewsa:. ! L
Y= g tywe mhos

where Oy and ¢ ore. par wad 1enc3-n\ Jelwes 5o
thedr when multiplied by A% ca‘lve. twe coaducetance
ond  capactoate for A% of dtonsmigsion line, ZT.
whhidn showld aot be confwesd it the 2-0xis as
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defined in 'j:-'ac)u\fa_ O, modals +he  cesistance and induwctunce
of 1l transmission Lint, Tt 18 delired as Lollows:

Z= €4 3wl ohms

L ond ¢ are adso debned as per ianit tengthw foe the

Sl feason Gs 0 ond &, teing YWy wodel soluliong
ore cMoved as Sellows. '

L&_slqc) KeL and IKve fvoem ¢hrouisd }kao(\) t+we -Qol\ow'mc_,)
e_-q’\meﬂo'hs ‘ave obtreaned Lrom -C\ca\,,ar&@

LED ILHA%)—J:@): ~NY (a)- V( %—&?:)7 - kCL
=45)) VIig+a) -V = - 02) I (2) . kLuwV
EQ end ED are divided by 8z and the vt os Az-o

18 tolkan ceceiNng e defiaron of tha dervitve ond nojr'mg

et YhMe Ve . F(z-an) = F) fer any Liacor fuachion £
by o

[es Wil 68 Moy non liaesd Sondbionty . T 4w g wWey E@and EQ@®
ore  cherived,

, I(%+A%)—I(z3:.!-\-' : — | - |
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O ERYs Ty

_E®. %\\ﬁgl: = 2T (2) e b

© These equedions e accanged ia oo mateix 6y follows.

T 1 - 0 —~Y o _._..ﬂa_;\::z“:_.,"-l'?v-;'\::;.‘.fis,&. And oveer
) -OL'- = db i o system od diflerendial
i A I - S N R X

At this peind a. solutisa (5 Gssumed o be CE:H +o

these _@guatioas, By cearronging E@ this solution will
be verbied wa‘mg G e'ucjer\ value approach. To  reatrengt E®
i+ is noted  Fhar  for b cssumed  solution of Ca™ % the
Aervelive it fQSPQC+ +tv 2 (e C%lt) & ~¥. In other wO“}\S,
to Aflerentide  the assuwmed solution just malYely by -8
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T o -YIT #note- The moteix s delned
-¥ - ‘ &s the A metnw

o\'\\f\r)\'\r\'cj \0\{ -1 oand ,,\Or'mcj évew{l\'\f\cj 4o the some side and
then fro\dror‘mcj'ow\ the [T VY veder gves:

2: ‘0 -+Y V‘I “note - T g the mads 4
© (11 -] Tl o T i
N, ' ¥ 50 Fthwe A moleig
g + N
Z Z O S ton ce %u\a\'mv\er\
Crom ok
- For this equation 4o have none +rival solutions [ yI-a[=0,
PR Twis s calewlated 6o Lollows:
o +Y
=0
ey
. 14 0 L )

= Y -EBY=0 o 3=:[ET 7 and 15 defned
ot Kollows: . E@ E-‘*JZY

This _meons thak +he assumed solution of Co ¥z 15 valid
when  y= VZ2Y Recm\\lr\?} Yhat  phosors wheece psed o -
redefing +he cwerent T(g,8) and Volbag V(z,t) +o RelTeye’™]
ond ReLVine™d oagh 4hea soludions o Vi) oand T (2%

“ were  dherived, T (3 t) andh V(F,t) can e expresstd as
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These ¢quation can be further modified +o make
Prem more understandable ond useful 1§ 14 i cecaled
thet For. & second. ordac. ODE, there are two. independent
solubions. These appeared in the Previous analysis as
the Fwo. valwes  which wouwld satisfy 4ha cssumed solution
whith wece  xJBY, Now +we. dalue of C will come from
Fre fording Function and will be delined as - Vo Mo, Ty
anch  I.. . We will asign ¥y and Iy 4o “JEY and o with
physicadly aterpred this as. the  forwacd going wave alder
we. have wrtkn oudt +'M_-etzzv\c&.?oﬂ‘3 qs follows:
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CSince these ,‘Eq)u\cﬁ.‘lQ,QS..,,..grg__,;cQ!\Q\_g;a.( pinl othec words
Teet) ond Vizt). owe. celated  and. connot lbe chosen
independeatiy b 1s fhecessary. and. Wil prove_Yo.. e wseful .
to . find s redation, . Seluing.ifar the  eigen’ vectors will . .
qived  dwis  celation. Plugding \a the values obteined for ¥ whick
15 1e5Sered do 0s thwe mww intd_ E®). the cependence
betweaen Vand T s detecmined, Firsk, +0 04 Hhe tR\Xon: ki weed T,
and Ve use ¥ 65 specified in E@ and D and. realizing thed Yz ot
oF “Vitz ity or Toude8). = =¥ Vig, ) oo ¥ Tizd) (respechualy) s used to
o fongl 5-_@ ato  Yha -‘:—o\\.ow"f\g‘- o . LT

[J?Y X ]HO L (@ [EVIYV=0
7 TRy c@® -ZI+2YV=0
Solv'w\cj either  EQ@ or E@ o ues:

I=E¢—1\/§\/=7. I:EV or. reaccanged V—"—/?I
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The explession. \J derived  as the celation loetween
I ond V afpes so obben ond is so uselul i is iven
e own symbel andl name,

DO Za-—:"\:'/;: /_g:j. 2, = chocacteristic impadance

TWis s dhe dependence of the porticalar solutien - whidh
correspords 4o Vo ond Ty, Finding the eigen vedtor of +Y

wowl g1ve e relodion vetween Ul wad T, T+ s GiveA
LG)\ PFnowd Aerivation odom;) with e relodon petween T andh

€© V= 2T, feem chove
E@ Vo= —i;I+ sleladh W‘l\"_\'\-ﬁ;uk\‘ Aetivetion
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Now f 15 : co_nv'ue.v\‘\m‘\? to define Cu .scérl-}erins maetrix

whiidn il o tWe casey al L2kt meteix witaids,
Or\\\[ +€.frv\_ b@mcj o cefleckion +ecm. I+ s defined 5.,
(o lows !

D@ .b_ = é\%-"‘ , ‘ wkgcé_ é i sca-Htr'nf\S medeix

2 bkl e
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The o~ wnder tle ‘ST denoles ..‘\.\,\G\-{» '5‘ 1S 6 wotrix,
As. previcusly roted & witl Wil tuen owt o be o Lx1 Fur
Yhiy cose  but the dervedion Cor the gomral  pbe order cese
is solved b Lohet  follows and thea the pocematers will be
plasged 1A end AWl veduce b it 2xtL, . ond h are

deCined oo Lollows where 3w — under tham dencles # st
Jc\ru.\/ ore  vecthors,

-l ol
> b= E.k 0O a= MV,
- L bar is 6 Ttr“\ll\'\d&( -}L&* = -
o e c'emm\ coce Vo
Vs o veeclor

Refler to -{—.\.\4_ 'Qoltow\f\cﬂ .b(ock diagv*&m for debiabions

of povemiieis:

(Rleele Box

I,— 1 ER T = [
Vio B | Gonerel | Zolls VI = Sy stem
L : hed s \oelmrj
T2 CSystem | o1, solved Sor
V?\.E__E'E_im.(.\'mgs NCITAVIEN ,_%i‘_;v\’\-'. ‘ {This tox couid
swtvidt boc)) | ‘ - 7 Coretspond Yo 74.'.-:..) .

e e et T LA

TN Geaerall In this case!

CuE N Ve e L2V Ve e il
. Vg; -VZi- "‘JL.- =\-\ e V. = \1,,!;_: _ e ' R Qe_t-'}ﬂfa afe
Vy= Vo # Vo . L AR e

Vam Yoy + Vo= - 5 \/3“}*-"’"-
Ta Wke wonnee T I . Ia +1~'|;. tase
Now 20: S %{J-': Ezo] -8 ixz- mc.',-fix
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This compledes this setiof defiathians, They may seem.

o ok awkwerd Buy they will e very handy whan compuling
power ond thae werk fine for the puwiposes of +his ook
0 tha Tavestaunt 1A feerning them 5 o qo0sd ocne, With
one last defiahion  dhe sca\Her{r\c’ ety will ke solued 'Q-c(‘

D@ Z’- "l'; dex\‘\ec& \O\i A i: ?_L;.
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TWis s rmimplyzecs medie /vector shdemant of Ohens Law
Crelating. the  iPh apud Kaeldabe the, Bladke box by an
Cimpedeace. . Thas for our case were e black box is

2 D@ veduees o VEIRT, :
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Thisis ithe chibien) step fod sl bowdey condiBont.
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e e e e e Ly o “"E'"'-' T = e . ....... -
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EGO) 3= (Ztrer) (g mtont) A

_T);x'-s' is G V._PT_‘.'.\I._ wseful cesuld. we only  need v, corstowct
%;, T, and '-'t.':;‘. s we cen than calealaled 5(:&\“':\:]
metix . Thee art easy to constwed for o wide voange of

problems  andk  very essy for \p.fc\el.tm e ns, solych 1A
'H’\\‘.‘- \oook.
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CAr W ‘pc‘:r\t t s a glvn}oh metier o wrile ocutr o
Q_cb\ar-}\or\l te e ~ Yot out of vedtkor/metrivx Loem and djyede
CHea expressioa for W by I, and  set g, egual to T, Ok~
lew) ek solve for T Twis s dene as Gllows:

Uiy = Vel [ ri]
.st - Va—‘{f/a, -
_ Teod . Ve T.i.,‘ruf;;] o
e@®@ o s

el o= ..S____Jxé.r:-ﬂal corlier = @)
ZL’P%O b

Ir ruwst be  noled *'_\M L is o reflechion  coefficient while
5 15 &0 matry Peal can have terms dhet are ecefledhion coefficiends
s well os  terms Yhed are Jeenveiinioa coeddidients

e w\\\ WS Q- ‘Hms C'G\SSiqu G\p[och_[\ 1o - 1Cc r\o(
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S AY s point wWe Wil teke W Q.ﬁt‘u\c\{"\o-(\j out of
Yhe  ongdriy Jyesdor  neotetioa andh wse them to
solve Soc ZCr). where Zez) 1s as Lollows!

0@ 2 = E2

Focnn noy o Q_Ct U_c\.{ﬂ ons  Lram E Cgl Ve st

E V= Ved H[l- 3 ﬂé)]
E T= V, e 7 ['é', - ﬂa)/zo]

Next these e,czu\c}\oas are divided 4o £~k
Ty 6s 5104.63-?\?_& [T

Vey _ % 'ELLY r(a)] |
() = - ~ ,
Z-z | BN V%ﬁ[%&__m)/%ﬂ_.

L ) -é-o- ﬂ%)/%b-l . I L

 multplying by 2o/ 2o, gwWeS

| 2(%} = %om) e
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o solve for Vi 1a Yerms of VS)RS"%.L, L L6, R, To
do iy we Sted P eawiveleal impedance ot P soucce
RPN b\%‘\.\c) {—\.«Q_ Q_%M"\o!\ Q—Qr \MQQA\:...&LL ey e Cuncdiea Oi'
7 and Plugsing 1A ~L do el b adt Pl sovrce end

Ty L+ R
vecetl- 2T To | - Ty 2o m
L
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Solviag For V  By  voltuge HMvidee dedhaiches

c@ T T

_"' I w.\::_tr!..w;.,-m ?—Ecr.,. - ,.-A?Zog ;

- m

I+T‘;e

HO"""""’J V~— V+( ,Q) So Lwe ccm 5o\ue f—or VL as

ey e ”Ez |
o L= I :——i——- "”
E @ \/.&- e Ze;i +Qs v L =2 V+ e + p.": VS

We -ﬂjmok Vi as a‘cw\c}\om og -hm a-ﬁ“-ﬂ b\/ fﬁ"*”"\“’;"‘? and]
toline, e wneree  Phasor transform:

E® W (15)]12 \?e[\l+'(,_3wt:{
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Given vt need oe desire do SiAdl UV, T and 2 ot
ditberent gonts along Yhe  droanerainsion hae Gnd Yy
form of the eguoations for Q-u\d\\r\c.) Yue velues % 15 no
wonder YWk uwidW no computaRoadly inkensive davices il
e ompnter  Yed G %PQP\\CR\ metlhod ey derived
) ose_’r— s Adesired  values C anq\orj c‘.dm,ou{crq?} Twe
hosi s Dg- ‘\‘\f\l LSRN \—\,\ (‘\\tﬁ.rl‘— Couvy ne. U\f\d\e_(s-\_o.od AN

Lfollows? L

7 |+ Doy o
£ ZD= 2o "y U«o\pl-er 1 E@
: : Z,-%
] e Ty T1e™ e )= 252

now —"': _ 2'.!'_ <o 1

2 - v er_i %o -~
C@ so lﬂ.al <1 which 1s the  basis for
SW\ AN (_.\r\c..rl’
we  see  Haed  [Tay= Oe by 0 we mckea

omp\QK %rgpk with L oand ﬁ’ Dur . . coor-d.aqlcs Mt‘\%‘mﬂ,
ek Yo qm\pk will O\\ways e an m c_n‘d o[; &c.rvdtf
EN Cfeom . Q@) ,

L
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Nodd we see that we con reactange B @Y o
follows!

E® -i—- = ._}_!"..E_%_?_ — E‘ whida. we  will cell
Zo b= TR the normelized epedence

we will plot [z on graph 2.1
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T=Z 7 l"r'c?:)

A\so\ recedl  thok P ‘\\«L g—}—p\nd'-mj weve retio g
Aefirad  as  follows
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