Inom £ Inam, Ch. 2

Types a")umufom\ tram smission lnes

// y I e ,/
//,./'
& __

P

Pl Coaxial panalilel
Fwrr-wire colole P\o.‘re,
¥-———Y.,._.._J
Fevble uplo oG
R 3'.& wpTo 35ehz 4

A -
MMG‘MJ fabmcdted with PCR ‘}Cdr\mo\og}
Tramsmission hnes haae twt condwctors.

Dista buked eircuut model o, Hwr— iondu cdor tramsmission hne |

(Momy_models mapossible, Cadewfute L &C from definrions ovn&)
eledyo \ma(fymh'o Lied wn-ﬂa whations

¥ (2t 7 S(z+det)

—_— = +Vz/ ettt Zer X j———
Yart) ¥ SE ke

—_——— :////77777///// Y w’ |— — — —

/ |
/ ;6-——‘1.\-2: -——*’r'\ \\ —>z
/ / \
) \\
\
/ \
/ \
S8 —r ;  Lbz Rz N —S(atbe)
— 4
+ +
Y (o) GDh2 ~Chz Y(ztrr)
N
k hz g
Z Z+AZ

This is bas \COJ\A The simplest modal.



Lo

R wmpuk omd autput Uottages (KVL)

Y T) + Lm%l%%‘t)—\— Roz ¥ (=20) +%(z+nz,t) =0

Kewkamguné

V (e+bart)- V (i) = — Roey(zt)- Loz __ﬁéfg.

\im N - )
220 %m%i)% VD - —R¥zq)- LB&;ET

Eo—g%@ -~ Rylep- L Bl @
3t

Do KCL ot outpwd mode  ( 24=°)
+ m

+ ¥(zt) — ebxN@+ort)-CDE Bo‘/tgft“ffl — Sle+bet) =0

Yirnert)—Yien) = - bl eraet) —cne DEED
D

3\\$ng more wmp\ex
of (z+nzt) =% (&)~ BW“)be-f V&) 6y,

expomd
,t?-
lim 5»(%'1'15%‘&:) 3(2 )
__ MW &x  (hghen ovder

Az >0 Az 60\/(7:{) —C = SE ) A‘%"lékg-}enms

omd In The \\m:\'

¥ (2t) - — oW c Ve @
5t

dE



2,2.2. Lossless hines

k=6 =0
(‘) beconue s _B_y :_.ng;
>z d%
@) becomes §_§: - _ CBN
D& >t
o N ai) 5 DY
oz o R N - N
Nz é?, 5%) Q2 ( 3 | gg\a%) = L@t( C Bt)
I~ e ¥V
D2+ ot
a?'x_aa&)gg,éﬂ_ 2-3-“-"-)_ Y
a2 },—Z<§€ - Bt( e =-Cxt\lz/” CXC<
b_z.-.g;: = 'E.é )
52.2 +LC a’t” \————\/—\-—————/

revexse ordw\.% d n(\-ferenf‘\othén
Thuoe are The pxue e%\)ahons for woltage g curvevel .

Considan Uet‘*&éﬂ- e gy ot .0’)’\
J__ 7)? s aAun et on o%)

B’ZOV __L_’,Y Ohore Vo=
P tue_edr\c,a&Q
el v; >t* e magtie Propechte
™o \&.MA
NOT"(NLQQ,QN*“&

Genoral soluckion UQ

oy(%rc)-_--f(%—%): —f(%) Dhong &=t 2

Tha Com be ecu:nfn~ QOY\‘?\VY\’\LCJV

N _ a"v 9F .
>t~ OF ot b?
&\%w‘ho&ma &G AN
2 B 'bqv - h.(éoy—)= D"V, ame @E.—l




omndo
> %_";_ 24 wOhor s b?:—\i)—?at
D& dZ
N1 %%:_%P
Yo
> P ;
cltg—gmﬂuw%m%om
>V __) 3 bﬁ{)ﬁ I B(W):_J_L(_\ oY
22 vF a: ?s; Z)FB Dz VFB;- Vp ag
20 1Y
FTC )
-~ 2
p— Qy =V Q.iv,, L)

Actualdy two olutions
¢ + 2 -(.t =
Ve )=F (Jf‘;;r)ﬂ-‘p A

b
\ 4 (4:—»%,;}

N

\ \. 7t
N .
N\

Fumction Shcxpe\"cioeﬁ NOT" Chamge .

> ‘ Clossless | ('M)
rmoves ot ve,\oc\\\.é V\:



Table 2.1 Paopa%o:kt;oh zpeeds N Some. moterals

A 30 em/ns
Glass 39S am/fs |t
Po\éeff‘mé\emz, 20,0 cmZns
TefLlon 207 <m/ns

Considuan_ curyent egoua:hm’\

Y _ Y
22 at

Sinec s o The sanmeas the previouo e%)cxt'\bn the. solution
1S o)“’\’ka_ Fovrm

¥ (et)= g()c———) 9(}) whew Vo= 7=
To relote YN (gt) amd 3(&,{?)

war A L3
Dz dt
w‘:——-—l—a—y‘:——‘—— -@—‘E = — LC__B_‘F
% 0 RO % D %
OF . 29728 _ D¢
st 3% >t O
B v L
rd T L 5
AT 2w
BF c g‘E
L= = = Lt ohare B2 |5
L %o
< the chanacterishe
impedavnce.oy Tha “ramsim \sstom line.
o" The Rodo Uo\fm To cuomemt ‘FDfCLS\n?‘stm

PI\OFO‘%OL 3 m fl &\Y‘Q O"r\,



| fxcvmp\c 2-1 Step resPonseo%w a;‘ﬁn\%ﬁ&‘ loy\ér lossless hina .
-—-\—73(5) —_— gs
Re IF
Vo ‘( v, Zq

[ .
!

: v
Thal inhad uo\wé,»o:kﬂmsowm end, (o reflecrion ) So J'us* V

‘ + oV, 2o The e looks hke Z,
OVS (t) "-‘—‘OV (i.—_o\t) - _zb_‘_ RS B the +2 ‘\YO-UQ&\M e
e, V5omd Fgat inpud”

sine e The resistamee thot Tha hine appeant o the counce .fm'hc‘xi\b

4 Vo
S—s ("t) = é’) (I;’—‘ O"t) = £°+ Rs
yAR )
ve 2 t=13) sollogt wrmebrm
i.?oi'Rs _'7’}?
] E
Hzt=4
Vo j/ (E)f vf) current wavelorm

Retzo ;\L .



2

Reflection Hrom am open end

Ly L= Ls

TITT T T e
L \ l 2 I 2 “14 oot

Thara |5 o aydand 4 p/\ocz/mss(on o)ouoﬁa%cs dovon The ling. |

Remembertho. T C /s {or L&C‘g Qn,(;acf‘\b(.s look like shorts
Induchors look like opens
'Lx-\h‘aﬂbﬁmm s no voltage acnpss € (o shat)
amd. k, blodes a vottoge o g,
Howeuen. | €| changes up amd. o, uoltege appeansacoss It L,
stots To allow current TwWough to charge g

Crs \;uhmb a_shaf and Ly s open . Bot C, stantsto change
Up tmd Carrent passes twough, L,

TFtha induuch cuan%TM. \\ne 15 small the lina. looks tike a_
e,\h%u_ capacitor

Ly L2 Ls

T Ll L L

T

No
] ottage geurrent Flowdouwm
2 i Ohas

I ) line \n Phase

Vv, Yo _ .

° | ware Yeachesend of \ina .
I T, ' Curnent dharges Up capacitor Cy

° 1 B AV, — Thic 13 .0- Esult %m

te\egraph cquation

Vo i _____ } 2V,

The Vol %..\.ée. IS oresult Og é—f.[ A'E

I, ‘L’ Thecotrent ‘é('—)(dt“ta comeeled oulb

:'\:Vm\:bz 2eno curyent od‘w
tha end ojom open \ina,




S~
2.3 Keflechon o ascormnnuries

5 < !

+

v z,

8.
<Z=0

+>0

— Y (2/1) .

"‘l':d"—'— T)-l; B |
V, @) e amplitude oL
= Evt, Thndlecled wouie
CL' .
Lo e prrame d I’Jj ‘
Fha boumo\&% cond tion
| V)= Ve Y @)
wike

torl e ¥ )= a0 _ ¥ (1)
o lood ’Zo z,

\-—-y\/ .
CunRNT. L €Iow:n3
towands Sdwnca

boundcwé_c.on&\\hén cornanfrom R ot l0ad side

NV (e) =3 )R
g‘_@\ bVLt)
"’V_,i(ﬁ) Y (,Qt)_ "S/(,Q'-_Ll m
Zo Zo Re R
L 1
(Zo RL\ (Qt) (E ) H)
q-:- M—_—_ T'L’_- 7‘2_ _ \?;‘ZO
VTUt) g L d'io
t> 2ty ) Zo Ru
—_—

+
,_(Z-‘t)



Joo

tho wone will 3t backTo
sounwe whee similae PAD (Bt OCCUNT .

t> 2ty + _ +
“\/s(c)z °\/‘(olt) -+ “5/\ (ot) + Wz(olt>
ol Sounce  reflecred ol qemancled
is sthil on U;azj'f\'om wave ot load/ line
° imterface
Y L (E) = 3— (ot) —+ 3 (o,6) ~+ S. ot) Note Thet -
g_ (O’t = --L°V(0‘t)
M= ?‘— occuwed oX load

Juston ! R.““Zo

rls.—- 5“ cccusLs o Soufwa

R+ E<> M&\eds veflection badktoload .

Uoliz:l S\Q'lmz L

gad
|
f
i

/Z
lO;Y\d Z, t |
t V((xl) ll Eyi

0 0<t<t,
Wiy it

Tegin) Bees
Vie(uranl) teted,

Ve =

e,

wawe evdutiony




2.2.3 O pen & Short C\'mufr\'ed Lire s

Exaomple 2-2 Short Qreuited Loscless bhine
RS 'ZD;’Q’

In\\'\o.l(ﬂ e hine looks i\‘kg’ Tl
chanactenshc impedance .

Finally *s
A s v BFina\ly The lne looks Lo the short
°E RL 3 .
Ve Thot W Is .

The shaoot aycuit behowes d\ﬁ-’cr@nﬂg tham The open.

L‘ Lz_ L3
YTV ey

1% 18 1
v,
(4 _+_>
I, -
\/o
1
1T
<% C3is chonged to V,, | buk Cyls shorted

ol ComnoT dr\oxge.

2L } The short dischonges Cg through Ls

&00‘0\11\2\ the curcent ‘\‘\\'OU%L\ L3
owde propodpning down Tha line .

Pmo&\(»)%p. using o bounce A.ao%ao,m and. [,



Rs QXSD s’\O«':)Ov’n Q%-

@\3 Rsf‘EO/S O’Z‘D___’
[ O“’Eo -
3 [ . Z NG = 3
Vo I e awe lowmndned ta 2 o= 3+ Yo 4 Vo

' dusto voltaga d 1uidan Zot % _ N
t\re}\ednon s =\, Notw s\gn chomge sina N ==Y (shﬁ')

[
/
!
1
!

2o _ Bof-Zo B __L
+ soune hina sees F:ng A, ¢
S 5 RetBp ZofptZe 3
T now refledhon m+z —L,-3V. = 43V
| Z g © 8 ©

(o)

'Zo _L V
25125 2°

woxe is Per%cﬁcé refiected

—a¥rsounee g = Rs%o . © = nwo ‘feﬁem% :‘
Rs'\"zo

Wawe stops after ovu-boumcs,

Tt is alosor bed ké Rs,

V, =

Rtz Skt A%
—‘i -‘-1_‘-\/0 = ‘éva

whax’s interesting 15 1o plot Thane Loltages
as o fTumchion Tof Time,



N otehow Wwore A:caaés'to Zeno,
Rs“ézo ovestdomped -

74
Ve K=z, ouhailyd d
..% 1 3 “o g amfoe
2ty t
V&)
'Z\Tvo ‘ RS—_- 3z, Umderc\cumped/ Thists r\néma.
16 Vo .
] 3 = -
~ &V
-%VD L 7ALY




Ry= 2
S A Zo,td
+ i " n- R-Zo _ ”;iﬂ; =+]
v Y Vi oy O U R
() _ % °
- 11 g
M=- (open) )
i 27:0 = _____—V = 0,8\/
loumeh wane -E.EZOVO 441 ° °
- B&:ég- = 2\:20‘20 — —i- :—O‘(o
™ Reto 12,42 ©
Y= 03V +0.8V;-048%, -0.48%
S l2Ve I (—0.5)(40.8Y,) =~ 048%
3y . N
0.8+63 %/s ) /°Vo
: O/ ‘ 48\/0 1 - 42 et 4’8
e A e
‘ g === ==~ =10
i 0,288V, 55J’ 10.8Vo 242
- — 4V + 958\ { Sum
QYS,\.\'LVO .4%%*.?22‘/0 f waes |
; § i
] ﬁ 5 ?2 4- 16 S /f:/lJ:‘:l
YO\& ko»fto svm ;
s bl e S e
ths D’m%~ }
- o,b%
S E—— e
1 4 © K3
A%wm caou see rmém& beccwmz.

RetZ,



2.4 Tromsent re:pon&/ resishue hrwahms

%
—_— — L.
MA—O >
+ ¥
N, _lf) Vs > Rl_ N, ss
I _.i i %

s’readé_shia. equ walent circui

The_ uo\{“m?. cxrm Pogxﬁdn % on the \ne\s qiuen E&a ‘ ( s+eodﬁ& shit.)
- - +
Y ’t‘”) = V‘+-(é,°o)+°v (3 oo} + W+— (2, o0) + WL(&’OO) + “S{s (%,00) PR

+2
(edﬂ’
méu& gﬁsm.l‘sowu. :

wevng sounce amd load ngg.u.d‘wnmo We.Com re—write thia as
N (2,00 = ¥tz + T‘N}%w) + TR o) + LNV =)+ EQEFSS/F%,@M
o A LR CAH R SRR 2000 PR (1 i

Tmmm%oﬁd soung end

‘ ) load end
-yt t ]
‘ ’:“‘—.‘SPL:]+QV‘PL[,_EP1_

v+ T

Y (2,0) = % T(z) TR
sl

¥ Z
77 Ri-Zo "= Rs=%o ¥ (E,oo)'; R :Zo 0
/ s

L Rit 2o 2 s ’Rsfio
e 2, Vo (BrER 2R B

ao\oﬁllm.hné K-zo
|4 Ro+2o
V)= 55 Vo ) (?L—%ﬂ TR (Reto) (R za)- B R)RA)
Es+zo R+20)
AR 2V,

o) = EVo —t Z2(R+Rs)
' - ° RAH 2K+ ZORSW+2€+%R3‘}OZ 2,2(Ri+Fs

a5 1§ tramsmisaion ling, 15 not thang,,

Re
OV(?:,oo) = m Vo ﬂ



~
Step response ot re:\s\'wd& fermmnated lossless line, o
RS:: 3£O "'"'—7:"; ——.,' KS*%
MW——0— 0—7 2
+ 4
" Y. f?f‘f%o = X, £R=9%
- -jj‘ '—i' B 920 VL=
syﬁ— Zo_\.=,25V. 35—20 "‘ "q ‘20-'08 tvsstq%b"»sgao‘ﬁ'-]evo
TR T P v ) =ess
Is=x =08 5z
Y=
o%‘,=‘25\l0 |
! ! , 25(0,%)Vo=020
t ! .
v i
2t 7 1Y, =@5+.2)6=45Vo
N, {25426V, | | (6.6)(6:2)Vp = 01V
=55V, | i -
é §y= (25+.2+-0.\+0.2)Vu =l GBVO
| Lot o ©.1V,)(0,2) = 0. 08Y%
A4 .‘ i
Q{g '25.'.'24,,) :F ¢ (O S)(O. oRV.;) = 0.0q'vo
£, R TOW |
= ' ‘ = 0,702V,
oMo 1 iy =(zs+.zo+—o.l+o.g+o,o¢+0-032)vo 0102V,
(e
ohy ¥ | e
A1 . g “’"'wss:gfq_.s!c__ —_— N _Da-Q-'MQ_. o T
. I 055V, ]
“““““ - == + 0.psVo
1 ‘ t
R Yy
AN
LOYs=0.15Vo
- == B ey
T | o3y, 0.2y,
T 045Vp




Cromple. -5 A Changed Line Gonnecded To o Resistor

Rsi L %'s =0 EO,fA’ {2>:=.4Q

ram®
2 =0
! o % V.
L [ ¢ 3

At t=0 the swirchis movec) 'me pOSK’hUY\.LJG) Pd‘Sth‘ﬂ 2

() Assvme Ko, = %3

The line, s 11 h'a\\t) chasged t V, volts. Y, (o‘)r“i/L(o') =V,

The vewr wave loumched on +he Vine 15 the dfferencae betwreamu
™ ot t=0" omd Vsoi t=of,
by\J‘_CO,o) = “VS ( 0+)" vs(‘)-)= v5(°+) -V,
whene Yo%) — Rsz . (")

!

,-‘_
— Sigm MCM 3,‘(0*):;_!(0)0‘) = X/' (0,0)_
tuuend will be -
%oma’te %S\oumdu

omd ne gahve wrt é/—s

50)gsh¥uhnj ges
1.
bl/(a‘—(o,ta) =7 /’?sz \((——-1——-—-L-;0 o) _ Ve
0
So‘u\né Cor Y,+(o,o)

4 "(o,0) 252 — R, 'Y l00) = Zo Vo

WAooy Z,Vs Thio 's o b(.'\’\\\atos
) (0,0) - =z 4 Rs)_ UOH‘&?L A\U\A_M.- eX&P"'
° it £ G\ not Rs’l

i The, yioiman odor sine Thio L
The Wowe '\ Thae \ine .

Qen Thio You. cam ormsraact o boun (L\Q%/\M




. Z
Vo wawe \avmehed s _?-—;%Rs:/

=_3
b' {o 0\ Z.o+/%o\l ’?Vo

When e, LOave «aﬁsum_ soune end T seas

= —32 , Tha Y*e‘Flec&A wowe 1S
Sk

Tham (3\/) 80

_Mj}} -3
T g 4
%
A T ==
4 ’ tg
- -~ 3 _ 3 é-
| Loioits
oszq ateso 30
ot t { h‘_—i—-——’l > ’t_/l;_
| Ad+—a—4 35 0 d

VX"
= o-—- L
= >-%-%+%y«rv punbl e gesthore
Ham aoes To L - = ~ 3.-1
\
WL% 1 4 4 2
A\soéeco.-r'.
L [ —-
v . .
| o




Example. 2-6 Pulse Satahon ob o Tramsmission ling
r;:o,g nL_:—OIé
l \
AN O
QoS 4 J L-&-
vo__. AV Z = oSt fe :ZgjL
260ps ~, Gdoops Y T
2=0 Z= /Q,

@288
-1 7 42304

be sureto sum WHW
ccrred'lﬁ—
s
\35
O,\V—,\-ﬁ \&5\(67«00
</ +,0584
A B L S )



Example 2,8 Coascodad Tromsmission Unes

AMN O—. jy DO — i
SoL +  -mn t -
+ 4y, = S00ps | \/ TR =lon
[,SV / d) = tyF 2oops M
‘5 B
= f T
2=0 Z = 5em Z=0=Tem.

M- R-2%o M. So=%0 .
Rut 25 S 50+ 50 M o26280 0 o 5025 4L
AR 25+50 3 BA 50428 3
We treat e sewnd tramsmission
Iine as o stmple input tm pedamee.
~L L
o ¥=0,15 | i

7

ho |
reflechon

N hom&%@n&moh s

ot ;)'und'\on optramsmi ssion \\nes



EXGAT]P)G 2_-‘? “mengm{Ss]on L\nb_s

The line mpedamces look. [ike simple

'mpedomcesol Their inpuds ’,
R
(53

Gr=o =

)
r\: ZS’S-O:‘.-JLQ"L
25450 3B 3
M=o

S\m sol 50=25T¢ . R.)

Sirple & Qu’" QL’L: Zo Suppose Ry =2e , Rig =°°

|
VO/L | l




—

2,5 Regchue & Non - Linean Tecmun ohons

Examples u,pqdhb& \uc\,;tm;Sbg busseg
nduchue |oudahé Ave To bonduha wire wmdmctanceis

Pin> on T—Cl pac\cagzs, ?CB\/\QS) and va rations vn
Wne wdth Cucte ndudamees ard copeatrances

The soluhon s similaa To oun \om.wéuu; Yerminathion soluhons but
Wil mvolve m’vecg«fi)s oy derwombe,s

i:,Q
Anal 455 © P AL
i
- '\'k&}c & - L dg‘_et)
Forthaload & (£) v

Fortheransmission line
¥ = ¥, s + W ’
Y0 = ¥ +F Q) = Zﬁ(o.t) Y, g'ﬂ

(2]

Combin ;ns these

o V,’(m)

N+ Y () = L% < % 2

Combin \nj 'ﬂu. + wnd,—' )t‘fauuc\mj wave s %\%5

‘:.. M_{, V,’(IQ-\:)____ L d"ﬁ“zl,t) "‘V;‘-(ﬁ‘t)
! Z, * )

z, 4t
+
ANBD) | 2o y(11) = Sy TUR) - B2 (e
- — . -t
~ - we assume thie 18
this s simply a first \nown since it s coming
o rdan D .E, iﬂ’ﬁ‘u— from The souvce

relecrion -



Le¥s assume tr ineident wove 1S a step as we rowe been 60\;\3

WT(R,’t} = Vp

Tha D.E. ot tha load = themo

AV—(Q,t) z - N ___Z_?\/
’At + L_OQY‘ (Q;L)—- —

The solhion s Tram The sum o)om homz:ﬁeneou:; & troms léYlJf SOMO‘ﬂ
Zot+

—~——

byr(ﬁ;t)-'-‘—-\}o-kke L

To deYermime X we note tharoX t=0 & ({=0)=0, Thio is e%mv«\@“t
T am open cincdsT and. we. know Thok KCL gies “V{"(«Q,t'-'b) = \{,) he,
s c.omp\e're,\é re Clecked ,
Fa ¥, (Q=0) =0 X=2%
Bt
T(4r=0)= -Vt Ve b
W] (-Qgtrc/_— I»] Oe‘

'
L

o
m—
Cthie %1 \
s — \/o aX lpad =2

o\)em\\)m sum looks ke thao
+2V,

+%

R ’”.

Z=4

T - ) T
Thin s T some Sum ol t=0 t




Example 2-10, Lossy cq:acﬁo.ﬁde load
ES:ZO

+ r l’

R(S ZO] tcL QVL_ PL C,L,
| ‘

- - |

Tlc_uoaxe\q»mdudor\’rke,hm s YT(o0)= 2°+2°V Z\/o

We writ e uoHa@L omd curren’ egouoj-mnS ok e lood
Vo) = Tx) +Y,T(9,t)
,.\-
F ()= é}‘—*(&;t) + \"'wa‘): “j_\_%(_f_-Q — W,;(it)

Tha load eqoooic—\on s given b& KT\ as

TR A
We do olgebra 1o got e D.E, o tha load -

Y Tt -
zb) a é:) wmf %X%%MCL.EWMH% a‘t)_’)

-7

| !‘
ool AR N0y, M@+CL_°VJ_(LQ. AR AITS _c U

- P R % Re it
009 4 4] gt +
4+ + ' ):__ A th L _l. Q

. L
A be‘fore we have a step , Tk fime aémk%m\\mekg > \'A
Unden Thaas_ condition 3 it becomes

av- (Rt\ R 2o L Qt R-fo L Mo
* ( - REo<, 2
th d“ﬂ*(ﬁ ferm disappeans becomnse ‘m.mudeﬁ‘ woltage 15 consdan’ y ing
furfe Lte-ta)
M%@mo& seluon 15 V Rt) K, + l< g_ /X

pﬁrrj:-a oak t=0



Mmpac‘x\*or IS \;mhm‘l\é ashot et g{u{ng Qi’,-(% td) +Y‘+(J?,t4)=b
or 08/”(‘ '{:c\) = - V‘F(/th) & - .._o..
Affer a. long hime. the capaaitor ie fuJ \y, c%w?eﬁi omd Y sees
ohly the resiztor Thi & o resishue *1‘€rvrnno;\’lon KL omd
) = T (aoe)= B o ga)e Bl o
| L E(_"\"Zb ] ) 2L+‘2° 2
W com uaw Fheae Imad condihons To wnte WQWQO soluon
B(/l (10%_ R O = Kl
_V
A, (Q;{;QO =K+K, = __ig
::"VO—J’ :—-—YQ.--—L-‘ZO \-/9-
K2 2 2 Rz, 2
=_\§D+_‘L:Ezl y_,,_[ﬁ-r;g/ﬂz_-?co - Ve R
z Ru = K_+ 2o Rt 2o
_K vZo L (o +
%, (x) = Rfo Yo _ VoK Rz q(t )

Rizo 27 RuEC
t+_ V
However, tws 1> more wefuld to wnli in ferms %Y

_Ruro L (- tg)
} ¥, \TR-2 _ 2 ?L-_ R Zo CL
~-H) = N8 ["L'WRL&O z532, ¢

T vl ook Wed Tho

"
lev\\xrﬁ# lechon coeacﬂu@yo\



Oun boole likes To plor both S (t) amnd NLG)

NL&)
T T T T T ek ey
Rt 2o ©
! Deuottag diuidar
N at t=co
1) whane 8= RIZo
e’ ,
‘;:;;:5\;& PM&MQQ combinahon
wnh! wove gets of line omd, load.
to load.
@) §
j; L+ 0
Vo !
P

RK J= Rtk CL (scwm tme c:nnsw‘m’c)

N I

Z'Ed



Exomple 2-1| Lw= SnH =

P + Xnd  —

e ANV O oW o ) § CEEE, U O

S0 + + +
- 505 ™/ Sofv v/ R =500
V°QAV cvs t,=1.2ns A .= 0.8ns - -
'0_ o o o
220 2=, 2=4, 228,

This is om exavmple o how framsmission lines rmght be connected
’fbgﬂ:\'kw béaéomper.

+ \
2o 20= 505L a Uo\ﬁ%z Wane. \/ (th): 0,5V s )Mq}m.cl

N

}
| )
i |
| I
e '
remaums of 8.5V
unbil reflection inidrally Jooks
$rom L Covnen l\kgmg?en .

bQQL. w!{‘h Y‘Q«F\ch’l omn +‘\
which decasys backts DSV

/ D ?Oes“"o 'F’no‘Q va&,u,( 0% S’%%o. 1\/ =05 W{'{'S .

t’a ‘-l- td?,: Zn S

Y. )

@)

N




<

2.Sa Non -hrass, Termin arons

\3&\"‘% enovi SAop nieod techm q:".;.,g.

?_.XQMP\Q. 2-13 Graphical zolution oL resithi Qe'j fecminated line
Rg=255L

e+ +
V=4V >,  Z,=10002 eyL R.=300%

= 1

Gy Pt A=V Changcton s hes o%sowmc.sz. onnd. \aadu

@zounce N = V- Ry =1-25% %= m40%rRo(m)
@ lood- o Ry = 300 3=V

couRLR / lowncud wanre (T P -
i \\

C\ -—
: one e for ety (9t

T ///io&d Re o b
S AN gl -2 T nd

4 -+ x

3 4 ;,/ \ \oa

1/ A

>
203, o (otse)

: . + +
@ \esarre °(/*: Swce vt s o hna 3.-\—: i..{l.. = _O_V_l_ - \O°V, (mA)
Z, 10O

@ W *-‘Q\’E@Q—*".‘T*’"’- o\ W*—‘omc)k SN AN lood \iras, 's  Wowe \c&u_f‘{\gﬁ‘m@c‘, ‘
Thia aibes whed we greuinuoly got by woltage dubiden,
T ' + Syt
Tntersechon w NT=03v ¥T=BmA
@ Add v lood Wne for ¥, genenalid oX t=1.
Thaao load Vinee hos s\ope'. _—-‘f\-'ja = — l—-ol'a‘ . 'Nesuhue sinee— direckon,

) Conandanr. veflechion back o sounca . Reflec ion reacigs
souncg o t=22ky aumenakvms ., QS—:
Torad tottage Y= T+ T+ o, " = Vg+y,
W
Thio tethe Ustiage
\/\3 ot Tha loa



totad curvent §s= 3—!++ ?:-\- §z+ = IB* é;’;_

————
Tws W IB From load,

At lina + Nt
Input 3'1 = =
Zo

Sub&h*aﬁ“%g resulis giwes

_V
Y _T.= %s—Ve
<~ 78 Zo

This w Th.z_e%ua:t'\bn o & hina_ Po\ss(hé ﬂmwg}u(\/g"f_’g) with E\OPQ 2\:’

ond deacnbed V¥ W This bad line intersects tha
sounce. Jood) \ine. oXx C, whiech 1 slboud °~</5= 046V, g; l.GmA

© Reflechon gt sounce éu.}es “«2_- back Powends load
.S

with <lope — z Y

Thic ques D,

@) Kepeot procss umh ) Converges .

o Eocn Audhed Vine 1s Tha \oad line for oo + or — 2 direcked),
“Frapek \/hé Wane with s\o‘fe _t.é.; i

& Thirersechon Qt*h Sounte or lood. |oad Wnes de Fines
\ouomcn o) N2W Wwae b«& ePecthior,

« Converges % s’recxdur state valuea,

NOTE © Yow would hawe o calaudale Qan) °§/,\— $rom
Sum o)ovo\\'q%Qs at eacdh reflecrion

(o]



~—
Exa/mp\e, 2-14  Nonlwuar ferminahion
?$'=255L:
MW—>=-0- O souneg load \ine
+
V=01V ¥ So5L :I- SZ Vom 25 % = v
=01 -
o =% = %= Vs=Vo
2 2= o
L L = - Q;: -—4o°V5+ 2B @nA—)
¥ S md soun ce_ | oack \wnae \
1.0 __L. drvodelaad e,
A T (e %)
= ' —'
9 = XL— > f
g — T=15 A
/,/ \/T_ 2 26mV
7 T ~
b T “{/‘*_ /
[oad lina
S — /
I |
3' — / zt“ck
2 4 /
/
| /
/
— ] . N_F_w e Bt | _w‘ i | .* T
i 0l 0z 03 04 85 pi 07 8% 03 1O csys,ovL
o=k

\
Basyto draw kﬁapm& slopes The. sSame Z, 50

Comuefcgus‘tb &qda s’mﬁ..wm\ | ‘Vé_*—- °(/L=O.(oqil Volts
tnd. S =F_= 035 mA vn obouk 4ty .

Meg\edce.cl capaatonc 9 diodgs.



PHCRR

Timae. Pomouin 'Rc-g\cdromﬁ"(j

Osullosc'q)e

O

-0
)ll~
L__

Wowe formse il d&p&n& pon laa.d

i@sc; R %

-

Zo T L%

— R»Zo
- R> ‘Zo

R= 2o
Lo~ R<¢ Zo
LT L R«




Example 2-16 TDR e aswumant o) bondmg wire nduieXomee
T rmcnostre, o

LN
.____/,4.__/ v

——

You., would &mmqu*e\jm\g %-ﬁ%\\hs exponeﬂ‘do& W wcwe.gor-m.

P\\reodxz, know “?’.5 gham gxwp\ﬁ, 24

{V‘D 0 ¢t 2ty
X = [+e,2——<t 2ta) 2t4,

More Q,CCMdtL'tb Cn’*&?{\ﬂ.&, Ahaa, UY\chJL curve s 8_9:\- A_
0
-'7""""‘ -2t 1%0 t
A= J‘ ( d')& Vo je T /= - L\M\/o

2
2t d\ R o °
w =t~ 2%,
L Vo 4Z, A

p= = L= b



47 Tramsmission Ling Pana, maters

Count ol Hwo-\vne

L(‘J“/m) 0\2%@1—) 0.41”\%;4_ %)z_|]

Q(P;:/> 556 27.8
m

b
Im (2) [zo, JQ«) J
R(ng)  45BemE  83x16 /F

ol o
(%) B Y AL
an (%) L ] ﬁ_ J‘
I
2, (1) (6o m&) 120 fn %{f J@@Z_;

x Vahdfor b>>a
* & For P‘o\«éew‘hgtene ax 3Gl

M e
yr —\k

Fanalle\ P Kjl*

|.2ba
b

8,85b

PR——

a.

1
5.22x10 1f
b

l.\?xlo_drlo
a.

377
b




&wmp\e 2-18 Tvan‘fennm +w\ﬂ'\€¢d

o~ lmm

(.) I 0|7C.W\

Assomz delectric constamt %?l&s\-{c apphox imates ar

{= 200 MH2

‘Tkw 1% o Fwo ~ wire \mﬂ_
= o*\m{i ( *O%AML +\J J DS—[’"{/’
2&
27. 8 _ a8 ~

= O,(oF‘F/m

[Jé‘fﬁ?j [ 4V

R"‘ 8’5X‘O \l 83)(‘0 ’\/ZOOXIO
O (x102)

Z,= zzom[z%l \k J (Zo,Qm[ +\)Z;)_1J 36

Tho & oyten called 20051 twom lead ewrn thousgh it s cw\v@\\% 265,

6
= 2355,




