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FIGURE 3.16.  Voltage and current standing-wave patterns for complex loads.
Magnitudes of the voltage and current phasors (i.e., |V(2)| and Z,|/(2)|) are shown as
functions of electrical distance from the load ZA for V* = landforZ, = Zo + jZ,
(inductive load) and Z, = Z, ~ jZ, (capacitive load).
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Y, Yo
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FIGURE 3.19. Impedance along a line terminated with Z, = R = 2Z,. (a) The
real and imaginary parts of the normalized line impedance Z(z) are shown as functions of
2/A. (b) Magnitudes of the voltage and current phasors (i.e., |V(z)| and Zo|I(z)|) are shown
as functions of electrical distance from the load z/A, for V* = 1.
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FIGURE 3.22. Line impedance for two different complex load impedances. The real
and imaginary parts of the normalized line impedance Z(z) are shown as functions of electrical
distance /A along the line for (a) Z, = Zo + jZo and ®YZ, = Zy — jo.



Some. observations ‘or a. resishve lood '
linas tm, peéomce, oX & voltage Mowimum s rea

V(z)= vre I [14 peg\*ﬂ(mj — v G+p)

\/_W_\/
the will be oo maximum ot "H‘QP% = —m LT

m=0,1,2,73

At the sSomg Poﬁhbv\ tha carrent |s

-p2 A\g +
I(i)"!g@—JP [l—Pes +QP&‘)}—?%(|—M

O

At e pont the. Imped omcea is
[VHG+p) = 2 4P = Z s
(VH_(-p) °I-p °
-

l +* (—Z‘:=Vol¥cx§,gmo.&\mum) }:

For . complex load the. mosimina. omd minim oo o_A-Hu;__
Uol'l‘agg_ or the Line ImPEAGJnC.L AO NOT occus o Hha load .
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Exomple 3-1 Trpusimpedomee o} o bna

Find o npud \mPedCVnUL o ‘%—cm lona tramsmission Jina
whana. 2 =108 term inaPed with oo Z =146 Joad ok So, 100,150
amd, 200 MH2 . " Assume the phase veloctly Vp to ke eggua& o tha_
Speed of \ghl— n free spac
3% 108 M/sec  _
= lowm.
(o) §== Sombz S0 =  SoxXide/sec

the electrical (engﬁxgb‘ﬁ\d\m Is /9/>= 015m = pu25

. é:m
z -z zl_-Uzoi-am([M)
" ZO +J ZLTQ”\.- (@ﬂ)
B4= 27'\'."1-.-_ 2t (0,125)

o T ImEr ) _ oy Mo T

= 70 = =
Zin 70 + ) 140 Tom-(213) o +)140 =6 J4?¢
co.Po.c.ﬁ'\\)e-
- = 3x¥mis
Q F=rconte A loox 10%/¢ S
5=04>= 5 TamPl=tm@L. L)) =tn{T)=c
Eip = ZD zL+JZ°+m(3? — Z.O Jéo = (Zo)z =C70)a___ 355
Zo't) ZL'\'CSM@-Q J &L Z. |40 resishue
b4
_ _ 3x10°m/s _
@ Feisombe AT E e < Am
13 —
Y702 T8 Tmpl=ten(zn B)= -l
= Z_-f-‘Z,;famp.,Q 140 — Y70 _ = ot
Z =z &t = 7o ) = 5L+(425
n o 20+J ZL_T&“(_);,Q 10 -—J:f-}o \;Jdud'iuc
@) f=2c0miz  y=3x10%mls _ 5
200 X10%5
0.15m - | - 2T, =0
L. 0050 = L donphaton (35 1)
. +\0
Eih= 2, EL'{'J%'OTMI?”Q = 70 H-O-'_ .JO = |405L
2o+ 2 Tompd oy resishive

(e%umﬂ‘to load
' pedom @



Example 3-8  The -Po\\ow\rj Mo aswumants Were cavrried ovt onallDosL
tramsmission line ferminated Lutthom Unknown load &, The voltage
s’rwha\}:)) wone roxio S = 5, the distonce betwegn success e
Loltage. minima.1s 25em, amd The distomafrom 2,16 T Hirst
Voltage. minimum (5 Sem.

(&) Determng e load reflechon ccedficient M,
From S e cqmc!e,i‘erm{ne_m mouéma‘rwciﬁ-l) of M

=Sl 5= _ % -0
P S+| S5+ b O.be7

Sinca. the -spo.cmg betwean m:}vr'nau. [ % we \d‘en%‘% 22\__ = 2S5em
or A = 50em.
Now, we con \d.m\’t{‘j P, faamgle o the lond coeffi vient
Sinee. Fem < A =12.5em ths s acopacihue load
S 4
omde "F'-‘ —T -2 [35 (See Pg:;, 21-22 oF thase. notes),

"f’=—'ﬂ'+2 zZ)\_‘rr %6)\ =— 13 radioms = - 64,8°

Cdan"t %rgxd— 215 mgo:t‘fue.

v —ic48°
’ r'\_= FQJ = 0,667 ej
(b) Determine. the. unkvown load 1mpedanca. -
pz:m =21 83y = -] 0053 nadiams

A S0
!

0g0um mo’[p._sigm
Yo (B2 pin ) =Tam loos3) = —1,575

2=z, 1+ 5STorBen) | )+ 5(-1575)
S+Jt‘wn((bzm) 5+ (-1.575)

= 100 12018181 _ (3 3513742
5-;1.575

Q) Detrerming the locothon o‘\)m fArst uo\-hxge Ma.xi mum UU‘\'H’x
res pect to e \oad .
The first Uoltage ok imum 1S a.\wa.g§ %‘_ Qo From the

Loltage. Mimimum,
B—12.5cm = — 20.5em.

Tnéﬁ_a'%m



Exomple 3-9 Inverted-\ omiennoc f/éefd\
c_)\ls connectedh

A 505 cooxiad hine flled with Teflon (VP- 9—‘//ns¢

v om inverted -V antevina. e presented b_\j Z, asshown below,
A F= 29.6MUz The -Feed~pom\- impecl@mu_c% the omitennal 1s
approxmately measuwied tbe Z_ =750+ 252, Find T Yuo-
cloest posihons To The amtenna CL\Onj the line where the real paat

of the hnw impedamee. 15 equal to The chanacterishe impedieimce °
tha e (e, ),

2+ 2o Ton i
%O "\'J ZLW"Q
Defume. °1=——'E'vm(3l amd sobstttute Volues  (Weassume Z=- ,Q)

He)= &

(15%j25)-) 505 3+40-2%)
(7)= =0 , : = 50 =7
2(2) 50 -J C'IS-{-JZS)} @ *.3-) "‘J-SK

We wamt the neal pant L{L‘T\«m Vsing Ad fashiom o\\&e\o/\w
&Lfg.@-i = & ?5‘ 3+j3-2Y) | (243)+)3% }

@)% (@+3)+)3%
_ @.{50 3(243) - (1-23)(33) + JG- 2§X2+§')Hq3'}
@+3)+a%"
= 5o 3(2+3)’3§(\-2§1 )
(2+5)°+ ax®
3(2+§)—3Z‘(l—l_‘5')=(1+3)'1+ 98+
Cr33- 3T 3T = Gy a3

485 43 -2 =0
2§2+25 | =0

v= *Zt\l@)z- h(o)(2) - -’ \]4+g' ~1£33 _
Z

§= =1, 3@7) 0,366



¥="Tam(f32)

g
%: ZP_— 2.1x0 W‘/S = 7|OQ\S—M\

—_—

f 29.6%x10%%

Ta(Be)= fom (212 ) =Tan (m)

17,095 7,AS

So\utna -ﬂ:r 27:'

. (21;@) = 1,367

2-_71;_1 = —-0,9%2

le —0J49)% = ~I| 0bmeters

So\umj -ﬁzr i:l.,

Tam(zn(é%-!—_%z__) =, 35086
BTN

the Zcond resd point , |
must be % away Lrom tha first read Pomt‘

tom @v(éﬁw%)) =, 35080

am (S2+7)= 033744

Z2 41 = 0,0537|
DA

Z, = - 0,44630 = =3, 16Tmters,

At Z==10bm amd —3:161m The redd Pw&o_LZ.
's equa.l to 2= S0



Example  3-10
A radio tramsmiter i< connected 1o am ombrenna hawing oo feeohpox;\'t
\m ped e of 2, = 7o+ 1005 with & 50 5L coomiad Ting . Find
Ca) the load reflection Ccﬁ‘g‘cl'C\IQV\’C

l—-‘i: ZL_ZO = 70+-)IOO—50 - 20+HOO
2 +Zo To+jloo+50 120+ 100

}"’ j37t+\o

L= 0,5 e

(b) the 5+0\md{h3 wanve rahio

©) e Jwo posthons dosestto tha load along e, line Where tha
e 'mped amee 15 Pm\c‘j reoJ)} amd Thair corres\:ondmj

inte \m Pedaunce. vo lues.
This 15 am inductive load sine. X > o

The moximum Uoltog occuws Wharo The hing |mpedwnm_is
pIGIE! read (See Fgé 3.19) At tho point the mq%mﬁud\g

OS’ Z(2) w also A Moxirmum.
Twio them redumces to "Qnd\ﬁj Tra. moximum yoltage Posﬁ*ld’r\
L P+ APEy, = 0

= .508+0.410

37.4°% = 0.6529 raddioms
6529 +22‘S-TL£MM =0

= — 00657 \ = —0.052 )\
4'n"

At o poinkt R@)is o mosimurn  and The impedavice W %DS
R, = &5=(50)(47¢)=233%
The other point occuns ot a veltage. mimimum.
At acminimum N+ Q.,B%m'm ==T
A %\_TT_ZM,',‘ = —T—, 6529 = — 3,795

Zmow

Zoin = — O 302\

o . = Zo _ 50 = 10.5JL.
at the pont Ky, 2 =2




32,23 Calauothon %v*‘
We riasd o indluda Tha sounce o o actusl voluso for VT

The votage ot tha npud end o e tromsmizsion hine, 1 given log
P4 —j=
\/s.—.V(a:—»Q): V*—Q‘jﬁ (wMe £2)

However thio Utttage comolso be guen bé-hu. npud urtage dioiden -

Eq‘bucd'e. theas. twe— expressions Sor \_’S omd solue. for V t

I dﬁ—q _Jlﬁ,@ = ._‘é.'_".‘.‘_\{g_.
VTe (l+ﬂLe ) Z’n+zs

+_ z‘\h VO
(Zn+2s) €I (14 J"Le"ﬁ&)

V



Exomple 3-1|
A simusoidad Loltegt seunce Wo(t)’ 10 cos (5ﬂ'><\07t) volts ownd Rs =205L
IS connected o am amtenna. with feed pont impedeunie. £, =10052 Yhrough o
3-m long, lossless coomial framsmission fina. Silled with polyeth 5‘2%
C\)P:' 20cmg ) amd witha chanacteiustic impedamee. £, = S0SL as shaon

be-lou). =wd
(a) the Uoltage amd currevt phasors, Vz)amd TR), ok o/m&\o cohom om
the_line, omd
(o) th ccwespord(nj Instantoneous exp re sstons X/ t) omd J’(ﬁ,{)
Rs-': o5
P B T
20 S50,
Vo=loe (9) Vs o= 20amfrs V_ 2 Z =lo05L .
@ 25mHe ~ -
13—
Zin
Sol uchon | - .
f= @ = 5Tx0 _ os5x10 He.
2T 2T
\ = Yo _ axio®m/ = § mtes .
25x10°

The electnzal fongth of e bne & fhon /XP' - g_n? = 0,375

_ar. 33 = 3T =AT - LW _ T
SR N Ul b Sl et
fon(B) = - |

We then C.OMPUC&, ’ﬁu-mpu\i‘ lmPedcanL-

IR 2+ Zolam Y oo+ j 50 (=1)
. = :'Q - = 5 \
2, = 2(z50) = 3, 3 2 B 50+ (100)(-1)

Z,, = 4o + ] 3052

We compude the nput voltage V; from the Inpud vet’mio. dwider

. . 4 0,180
Vo= Bnoy = 20430 () = 74535 2 7,45¢7
B+ b0 + 30
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But V, cam also be writen aeo

3P —) 2P
V= V(z=-3m)= Ve  (i+N.€
L= 272, lots0 3
$0 31T . 31T 3'31 .
34 =)= oyt 3
v,=vte T i+t e Z)‘Vf, (1+J3

E%uwhf;oj thae Ywo~ express;ons {or V, 5“"'33 vt

35 L gle3°
+ ) = T.45€ _ 3
\/ € (|+'J3> ‘IOSZ _-,3_.? _jo,32_ JO.HB -J‘%rl 'JQLH@
N 745 e Y%F_ 1076 e e =707
VU=
J3 —
—j143 -j“’-‘% 4 L remember This
ivie) = tere” e T lirge ) s p2
— — 3
V't_ ejp& | + P(%)
\(z) S P T
T(a) = z " 0.141 & e (-3¢ |

()  The corresponding time expressions are

420 TE g2t T LTy jut
Yz = Re {y@T JerSOore” TeT T e e e )

N 0 . 0 ﬂ;& UJ't
= RAloTe” @ T 23e” e )e

° T+ L2 143°
= 7,07 @3(5‘1\7(\07{ —"%«\43 + .2.3(0605(51TX)0{’+ A I )

0

~j143°_ T2 _143° 9)F2 -J'“—%) J“’)‘}
‘g,(z,t) ’—‘QL%MH@J QJ‘*_o,MchH QJZ' (%)Q - '8
142° 2z K 0o 4+1IE Juwt
RL{@'M\G’JM eﬁr — 0,047 eJMB e 4) c

LT 3°)
0. 14| QOS(\;WX‘(;T{-T%_(;\.?)O)* 0.047 Qog(gm(l()"t‘f g [4
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