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CHAPTER 9

TRANSMISSION | INES

Exercise 9.1

ri=3mm |, r,=6mm , €=2.5¢,

C - 2MTx»2.5¢,
tn 6

Z?F

-{C
=2x10 F/m C_tg 0.2 ni-y':m

Ly = £ 4 & 1356 %10 Tifem Ly= 0.1386 jilfm

Exarcisc 9 2

f-600m , Lj‘=o.4/1H/m, C£=35f/"/m

/5.4x|€";.85 A152
(8] 27'5'::!00:“03 -3
= — —~ 3.664 x10" rad
P Up ,'.715.uo~9 y ad fom

LJ’. 0.4 x16 ° _668.6 n
CJ. 85 x18'"

9. Ij

, f.—. IDDAHE



E xercise 9.3

4 = 100 ns |, Ll-:'o.z}.lﬁ/y;; s C,'!. =GOPF/m

{ 8
Up = = 2.8867x10 M/fs

/o-‘an[o"‘ «6oxio'>

" ’ BEEEY N -9‘
L=uyty =2.8867 x10°x100%10 "= 28.87m

Exercise 9.4

.17-20"_' ’ L '.'-'0-35/!1”/"1 ; cl.- 45)°F/m

- _
a) 2;: 0.35x 10 = 88.19 n
V 45 x 16'%

p=zamn :~c10é 4 0.35 ".’O-éx 45 x16'%

B=2.49x18  red fm

L) I 20 _,4n  Vmsolov T N
RE——-=04A % , Ip=0412 A
f — : , . .-2 °° -2 .‘: o-l
'Y -J 5|n(2.4‘! x10 JIZO) » 50{%_ +CDS(2.4-9M° xz.o) A0.4 L0
88.19 : - . E -
%, o hap L8 A

. . . -2 : .
'\75 = Co4 ('2,4‘)x|52x20) x 5o [8 +J 58.19 » Sln(2-4‘ikl° x20)20.4l8

A~ eox .
c) S =V, I). = 20 -35.775 VA = Ps=z2ow | Q,=-5.975 VAR

2.2



E xercise 9.5

A
L=50m , Ly=0.3ul/m  C,. 4opF/m , Sg=10+j2 VA

Va=20v, f=lookHz

A .
~F* : )
S ’o +J2 » -
VR z2olo. ) _ =o0.51L=!t3"A

é\l_ 2oL2
0.5] |=131°

= 39.22 1.31° J2

R

3 -6 -2 - '
p= 2T X foox o ‘\[O.Bxlo rX40X D =.2.,5x|°3m_4/,m

~ ra—
Z¢=J;.3x|o - 86.6 n
.40 XIE'L

%-'(0)_ 86.6 39.22 [ 1131 +J'l86.5 fnm.(Z.IBxlch,sO)
[14] — .
8¢.6 +‘j3?-22 !!.3[" 'ta,“_(Z.JBXiD-S-‘“so)

A . . o
Zialo) = 39.592 +15.383 = = 42.475 2.2 o

Exereise 9.6

L=2m , fzlomhz | Ly=0.251pflfm, Cy=46.28pF/m
A
Z,-,._(O)= 50+;25 n

¢ . —6 e
P=2TxI0x10 \/o.zsmo ;<48.28x|o‘7‘ = 0.219 rod /m
& -6
Z. = [0.251 %10 = 72,103 52

48.28 %16 .

93




A | A , A
Z, % Zin-J Z, Ko BL
- [N ry L D
Zg - J zinb"“" p L
% 77103 (s0 xJ 25) -3‘72.[03 M(o.‘ZleZ)
= 14 —_ -
72.103 - 3(50+)25) ton(0.21922)

A

Z. = 41.858 + 4177 n

Exercise 9.7

. i - . A
L=3m , v; =20 'cos(v3.l4xloat")'-v . ZUu=i00+j20n

Ly=0.2pHfm | Cpz 40pF /i

-

A —-6&
'zo: fo.?.xm,z = 70.7

40 X116

8 oy 2
3.74 x1o 1/0.2 Xloe x4.oxlqlz =O.605'r_u¢=‘/rn'

P:

A ‘ *
Zi (o) =709 (oo +j20) 4707 tam(0.be523) - 405 214joIT3
Jo.H + j(!oo-;-_jz.::) tn (6. 605x3)

2020 .
o= = 0.43([=%168" 4
46.521+jo.153 _

~t
.L_s"-:

,{:5 — 0.43 ¢cs3 (3lax10°t — 0.188")

A

S = "\,':"“I"S* _.:4.299_..“'0.0:4\/,4

L
)

PS =4.299 W



Exercise 9.8

A A . 8
L=1om , Zc-.—_TS'_n. , ZL= 35410 'UR;JEGOC&JIO-& V4
Oy = VZ 66 cos (107t +31°) V

VR::'JEA‘EG Lo_. 4 3 é\l..: 36.4!'5-75-._:?_

E3:

Tp e .2 VZ 1374120597 A =2 (1321 -j0.377%) A

D

L

In terms of s volteges and currents | we can write,

G613V =50 eos(10p) +_,‘(|.32|-?5'. -_;’O.S??éx';".‘.:') sin(10s)
50 cos(10p) +0.3776x% 75 sin(iop) = 56.57

1,321 275 Sin(i0g) = 33.99

ﬁ::: 0.035
Cj,: P = 9.03% = 4.5?)(10-,2;:/”1
W Z, 108 x75

Crz 467 pF’/me
z
Ly- ¢, 2,
2

- -8
L/[: 4.67::!0'?' x 7S = 2. é3x10 H/m

Ly = 0.0263 HH/m

3.5



Exe.rcise, 9.9

,Z-.-.So:-n , r':‘.'ER..-=¢?).75!-9'» ' , \é-_:'zov , fh: ow , Cl=75fF/‘b'l
Cos © =0.97 (l'nc‘uc.*t've) , f-_—_[k“z

- 10 .
I /o7 _ 0.515A ’i‘g—_- 0.515 [=14.97 A

R =
20
A .
Z, = —29 = 38.8 1497
0.515[-14.07"
A ~ AA - .
a) T,=1 +Pp D fa= Tp-1 =075 -1 = 0.285 15545

Pt -
A ! - 1 — IS5.65 ) .
b) 2, .2 ‘o fR 12028880 Log 1w

A , .
Z.=65.426-)0.289 N %C’Ees,q.n_

c) Ly=é54¢c, L= 3208 X158 Hwm

. -’7 _ ) -
B= 2T x 10> \[;.Zoaxlo xTEX1E - 3 082x15° vad/m

~ ~ .A ) -~ .

Vo= Vpoospl +jZ Toshpl V=204 ,0.052 v

- -~ ~ ~ . -4

I, = _J%-siupl-\fg*‘ cospd Ly T, =0.515 y4.Tix0 A
<

P ~

55 =V, I, =103 40017 va Ps= tow

3.6



Exercise 9.10

A
"2‘&: F5 ; VSWR=1.3 . -

vswro L HIPRD s > Ipl=0u3

| =lfrl
Re-% s = R_=9%.412
R_+1% .

Pa=

fﬂm: :

RL//RM_YS o = R,_//Rm =350

Ri Rm =75 -_:> Rm=326.ﬂ.
R:_+Rm '

Exercise 3.1\

A

Zc-:SD.n. , f:IMHz)‘R,_-.:loo_n. , LL=IoﬁH

A . e _ .
Z_ =100 + ) 2T x10 xio XI5 ° = too +)62.83 n

A 100 +)62.83 — 50 . .

JOR = = 0_434,L_28.74 IFR |=0.494

oo +j62.83 +50

VSWR = _I + 0434 .
| - 0.474

VSWR =2 .95

8.7



Exercise 9.12

A A
Z.=7n ’J.=19_m’ f:tSoMHz, 2, =150+4j225 2

Up = 2.95%10° ms

&
-2 x150x10
B= 156 %1 = 3195 red/m
2.95 » 108 '

t 75 +_j(|50+j225)~bu;(3.|‘154) | . |
5 (150 +j7.25) +j75'bo~s(3.|15¢1) - 75 +J 75 -]:“(3.115‘13).

Sot.v;v'j -l'Le above Pxﬁu.aja-;-\ aﬁ'zlots
d=0.449m ond Ls=0.21m

E xercise 3.13

M
2c=50_ﬂ. ) A=2m , ‘F=6°MH3,.15=0-5M , c’:O.Gm, 't*:?ns

é
2 8 6o xlo
Uy = = 2.86 x10" m/s - eT=x *
P = = = 132 rad
7 X167 P 2.86 %108 f
\ 50 +J(RL+JXL) ton(1.32x0.6) | _ /

. . = +
| 50 (RL+JX") +J50't-':m(l.32xo.6) 50 J 50 tom (132 70.5)

A .
where Z, =R+ )X,

golvivu; dthe  qbove uBuJ»-m ?,Jn.lals

RL=93.7¢a ad X =-25780

8.8



Exercise 9.14

. 3 . L.
ig=2sin (3Uxot) A, “dalowm,® 1= 50 cos(314x00%) v
R=o0.25 1 , L=6-5HH, G =0, C:SZOfF

RL: 023 =0.025J2/h1’ L}':' .f.'.f.:'.o.ésﬂ-h‘/m , CJ' 320 32fF/m

10 10
. ks - .
=0.025 ¢ 3”’-*10 x 0.65 xIO":_ 0.0ZS-I-JO.Zoq. _n_/m

. 3 - . -
= J3I4-x ¥a] 532_3[0'2=J|.005' x\cg 5/»-:

A .
z 0.025 +,0.204 .
=j 2 = J = {42.73 - 9_-?1 n
¥ Joo5 15

M > '
o e > }‘N>

A A A -
f = 1‘(* -.-J(o.ozs+jo.204)(jl.oonuTs) =8.75x|55+jo.oo:435
2 E 50 (o] .
z;“(a)z__~ = - = 252
o
I, 2,2

A
A 2 ekl = Finle)

2= —= =24.76 -j1.98 2
FOEWY 788
Z,
Pin =(50 x2) 1 = 50w
~7 ~ A .
VR."_" cnh ff,( VS -2, E sml\f?l = 4.9.gé I-4.7I4 v
) ~ o
ng=--,!..-—whf?,¢ ’\7 +coshfh - T, =2 [-0H3 4

s =(Vg'f: 1 - 49.5-)33¢6 VA Pa= 49-5W

- PR - 4%.5 - 0.953 or 7:772;
(7 1A 50

9.9




Exercise 9.15

A P
_L-:A]-O_‘M s 2,;:75!"4' Jr dJB= 0.00} Jﬂ/m R f:ZMH?,

Mp = 2. leo mfs -GOL Vv, 'fé:o
Hys 0.00] -4 27!'»2:;105 :
A = = -~ [.15] %10 Nf/m 5 P‘-‘-"——-———-= o.nﬁ‘r_gi
8.69 8.63 2.5 x10° . ™
"3'- |5 ot 4005 80 ’ o °
1.15] x| jo. coshVh=o0.426 17944 , sinhd = 0.905(3012
a) V. — V‘ 6o o] 1-179.44°
R = - = = l40.91 4
cesh YL 0.426{17%.5y* *
L) T,- sV €L 1 o s 7002" ) (.7]-85.32"
§ = — n . = — -85,
2 BEE A

N

ASSum;rug Vi and I, as +he s values aa'eU: He power

A ~ " 10
Sg=V, I, = 8.33 +yl01.66 VA

Ps=8.33 W, Q=1l0.66 VAR

9. le



Exercise 9.16

VS,=5V , l:IDM,' R¢,=50.ﬂ.’ R,_:l-oo..n., Rg=0

Mp=2.85 )(1(15 m/s f=5ft
160 -50 .0 -50
- !
- - S =~}
fR loo + 50 3 "ﬁ o+ 50
-8
t,. 1° =3.5 %16 S =35ns
2.85 108
V,(e) =5V , T (0)= _ cotA
V.(35ns)= 5+ L= ?33" , Tr(35m) =01 - %o %EA
PR(35n5) VR(35"5)I (36ns) = 52 20 O..BZ = __;_ W
V. (108ns) = - __’5_'__5_'=____o_v , L.(les5ns)= _.°_. e-!__22z
105 zo 0.2 ) . 4
Plesn) o 3 52) = 5
N | 2
Ve (ris - 5,22 & T (sns) = 20 2L 224
(175 1s) 4 + 27 27 v R ) 7 7
P (175ms) = ( ..z-_;,z- = _%‘.,, ]
T A
V) 4] _ 7 1 alt)
28 0.2
3 3
20 . .z
70 15 140 4% To 105 140 1 27
3 R s ] S %
o 3 20 l 1 [ns] 3 ‘9_?] ;[m]
£} q
‘F.’;(l) 4
(wl |8
F
. L g
° 35 o o5 :40“,\,]:75

3.1




Exercise 3.11

\é:lov , d=20m | R.=15n , R;=5n , R, zlooa
Up = 3x|oam/s , 2=5m
00 - 75 L 5-75 B
[ ! =043 , p-= - _0.875
loo + 75 5+75
t, = 20 6'?;:\58 \ Vs 10x7
b TR s VS 0y
x Re + R 5+47%
3 o - R
Em

. 068
4t |
" 0.875)7

0. /4 )

o,f4?
5t

Voltage [latlie odiagram.

3.12



S 20m R
) Em
N— T,._ %
Lol TToa2s Ra+ Re
A .
=% __o.i254
£ 547
0.125
4
¢ o.\h'*ﬁ"'“f"n
f°.°\e
2t, :
0.875)(-0.0;3
| ~0.0/¢
3t :
w.\kﬂ“o'm
|
.oo%
4t, ° Current  latbce
- I
(o. diogrom .
o&‘?r){o_“z) 9
D_oo
2
S |
. A'l
v L(S"‘at) [
vlsm t) Lvl _“_
1o} 3.375V 'r—-!ﬁ'w 9.543V a.370v . LRLY
' 0.125A
0.103A
o.0m} ' '
5.
[»} 1 o i redennk X ° - Ao i PO -~
ot 2y 3ty 4y it* t, 2ty 3t 4h t

Vo Hﬂd‘e wa wﬁ:rm .

9.13

Currmz’ wa vc)‘:'"m .




Exercise 9.18

Re =752

££.=3Hs ;
fs 25-75
25+75
_ 50-75
fr= 50 +75

(°2= ._7_5:-:2-: Q.2
50 +7§

- -0-5

Re, =50

ti, = 23:

. fr=

’

R_=30q

30 -50
30 +50

V,=tov, Rg=252

-.-._0.25‘)
=-0.2 , Tz -.O.2=°-’.3 Towards Jhe second cable .

T, =l +6-?-='-2 Towards e -Fr;“' calle -

Ve 19 _95-75v
25+75
S CABLE | 7 CABLE 2 R
) 25
b '
2
25 2
> ) iﬂ;affls) 3
: = ~
g (.-O* ) ‘ - -, — ~ 6 »*
15 45
- s b
° (-0 ) AS_ - ('°1'51 L
7 b '5){-‘ 3 {“1‘15—: -.‘.: - i 7
s L — ! (0-2)‘;.‘5_3_ s
9 / 0.75 fo — .

3 '\_% -— - : b ;’)(0.‘?‘.) '-0,3":’..3__ 9
- 15 [, i
loT:"‘(-gf)(-f.:) (_o.'z)(" al o 015 A=~ L':?'ﬂo . lo
o e ~ EEy T 24
12 = ‘ﬁ\} - -1)?0 ;er A ’(.:.1_‘)Ln.ﬁj 2

- o —~— o v
np My — I S-oTs~ -]13
- -7 f°3)t:'!(°"J . o))
' - - . 'rr*‘- - .) .
K ~ - 0o7s | _o.e0h. 4+ -S'wf 0.7z 4
ls — _,‘-" ~ » 5) .Q( - "0,0}‘-_:- ls
alez 2 S L= R |
g TR
0- ¥~ (e =~
o RL) e

3.14




ETA vl

5.464

5 i
4.5V 4725¢ 41XV
4.2}

25|

- 1[m]

ol

l23456783:on:z:3:4:5:.¢ 17 13

Vulfﬂge Waw.%rm ot the reca\‘vfw: end .

Exercise 9.19

. 7
feirnz TR,

r=%2mm |, f:GOHE , F:.' Jooo HZ,
At {=conz sﬁj 2 2
2r 6o *47!'310'7#1’552(]07 =103x10 m
s‘ = .09 em
At F= |oco Hz s
=2.67om
27 Io*® xq-nxno x355x107
f, = 2 &7 mm
At f=1mHz 5 _J 2 -
- - =8.45 x10 M
27 x10° x 41 X157 x3.55x107 -

gc.:o.OBq-Smm

3.15




E xercise 9.20

/0 .
B2 ez S f: IkHz F= IMHz o= 3.55-x\o7s/,,,
Ai f:[kﬂe TR P
2 : -
8e = = I.aﬂx'ia,_gm

21 x10% x 3.55%107 x 4w X157

Tl‘lﬁ :'nkfnaﬂ r'e;;_';ia,"ce :
Ry = . i - 82,26 '5%
£ - ' i = 82,26 %10
ama o S‘ 27 XSXI55;§3.55XI073 |.05xt61 '

The inlernal inJur.'l‘GMM :

-6
Ly;= 8228 e 1309 %10 H/m
271 » 103
At f: IMHE ;

-5
be =f—2 s 845K m
2n‘xiosx3.55mo-’;47r;u‘-¥ R P
T\ne_ internal re.h':‘}%ge;_
Ry = ! = 106 » :o'z.p./m
27 x 5X16 >x 355107 x.8.45410°

The  infernad inducfonce ;

-2
.06 x 10 -

Ly; = = 169 x 15" " Y/
27 x 10%

g.16



Prouem 3.2

A
.,‘_:: 20 km z¢= ISO..D. MP.-.-.O.SG
o

= 0.9 xsxloa

Up =
= , Il -
'JL}CJ Q4

=
_!;!_,_15‘02 (1) , ___‘__-_:(2.7“08) (z)
Cy L.‘Cj'

Sof.vfny (1) ond (2 ) Simul‘ftneomﬁ] 3.'4{:{: ,

- = It
,Lj_-.- 5.56;]01H/m ) C}z 2.47XIOI Ffm

Totod inductance L= 2o0xi0° 25.56 A\D ! = H.12x153#

or

Hizmi

-7
Totad c,o.fna"fnﬁce C= 2o x|03x2,47xl6" = 4.94 %10 F or 0.49%4pF

fiolo\em 9.3
Induckance :
—— I —
= m Bz u,
Qq’ i Zme bl F 27
0 7 3-5‘= alrfJZ '5}
1 b -
%- f .  drd2Gy = po 2
H 2Tr E rdzay = p jn
= N = = = Mo - ”n ﬁ |
A $ N=/ Az & = p —2_7-2'-1 = [‘W;é]

L= .ﬂ%: _f:-/&l -;- {H/m]

%

(7]

[we /)



Cozfac rtance :

Bl (1], 3meEn e 2 (o]

L4
b m
T',tn-; T‘ln—;-'
Is,=rdédza,
I zm -
Q= I € v a - rdédz q. = _ﬁ_g_ g]__
J rjmi = ml

co 28 ETE [F}
dV }n% o

ProL’ém 3. 4

{Jz'lt}ms at f=fMHz ,f: Zm M=Mo €.7
iJ-_-,- ,,d_f;. = j.‘/ LJCL
From  Problem 9.3 L= 2ot | Chmone,fUnk

Yot J(£r 0 )(5E) N

(M»xlo )

€, = z ) = 4.4
4%‘1157;‘ 8.85x18'° '




Pralem 9.5

A
L=300om , Z2.=750 , 4,=220,000kmfs , {3MHz

A , ~ .
Z‘_ = 150 +) 40052 ) VR-..-..SO& 14 (rms).

~ .
~ '
V, 50L¢ .
IP\= TP‘ = - = o,n7[=8244 A
Z'L 150 +) 400 .
X 27 e -
BP= - x3xto = 8.57!!01 f‘o.c‘/yn
Up 220,000 X10 ;

\{s (SDL_ ) u;(s 57 x10 xBOO) +) 752{ 0. \\71 )5111(5 B1xt0 xsou)

_?_roLlem 8.6

-5 A -] L]
Lz zm, f=15MHz, p=39.6x5 rmdfm , Z =3 10", 523.52j157a,

Vo= Bale. V| V=34V

~¥%  3.5-)L5 . e e
I: = ——= 0.07-j003 => Ig=00762 (232 A

34-[.15_ = 50 cnx(sm.cxtésxz) +] 2 0.0763&3;3_. sin(3¢3.6x15x2)
34cosd + j34 singd = 36. 95— 0:022¢ §)0-047 F |
34 cosd 4 0.02Z; = 36.95' (Ij ) 34,5:‘:1{ =0.047Zc" (2)
Solving (1) ' and (2)  simalioacously eedds

2.-283.240. ,$=2305




Problem 9.7

A :
Sq =100 +) 30 MVA | L=100km, f:Gon,

Lg= 0.372 pH/m

-6
a) %°= ’ 3.72“9 - 69.96n
A .

' :
— = 188,07] km/s

Cy= 76 pF/m

la) Ur = —
110.372 122 74 % \D'%

27 x 60 -6
L -2 x10 ra-J/'m

188,071 % 1o?

% 3 ¢ .
e) Ig = _(_l°°+J3°) e _309.1+j272.73

jlo x103

?Rz 949. 13 l-l‘? A
(lO A0 L_) C.os(z;t\o x looxl® ) -I'J(‘s 3‘[__)(547’31;"_)5!11(2810: l°)

-~
5

Vo= 123164 kv
J) AV = Ve ~-Va

Av = N2.31-11o = 2.3]kV

9.20



Problem 9.8

2=0 E'll‘ 2’1."'11
1. I
A A ) .
zc' P FI Z‘:. ; P‘i :
E Li l Ls ‘
V(G) 7(1:) v(lﬁ'!z)
1(e) 10 T L)
V(1) I cosfals 32 sk \[ V0 0
Fi( ,\l) j"g;s;“F’zll. cosPady ';_-[J(.(‘-i' L)
V(o) ) Cosplﬁl JZ sinp‘,(l V(“l’]
I(OJ J;—Snnp,l‘ cos ﬁ.l.. . Fi(i,)

V(O) -CosFlil ,.)SinPl'(l cospzdy -j’;“P"‘q‘ {‘/U“"'l")

1(0) lj.,ils.sinp.l, usﬂah 1. 1, r-osﬁ;!; 'i('ﬂ.‘-!-f‘z)
Z

<) JT Slnpz
[ éf. ’ ' A , . A -
ﬁ Cos Pl.yﬂ cospy 1. - '—%—l‘ﬂﬂﬁll, sinp L, J Zﬁzs’"Pg‘ll""SPIRI"'J?'-r“"Frll"’qu
) . ‘
'J ' sinpiliCast_ﬂzui-j?EL-ﬁ"le,wF,X, _th sinl,$in Pedy + Corpd, Pk,
K ; ‘ -



E’ouam 9.9

. A . -7, | .
A=20m f:.- loMHz , Z=loo+j602 , L,=3x10 Hfm, Cx=40xlﬂli}{h

A -7
z" =J %10 — 86-6 JL

40 x 5%

p= 27 x10x10° ;/3x16'7x4o;uof”' = 0.218 rod/m

-‘2-:; ..1—0- = [OMm
2 yA
A . »
jo0+ 60 +)86.6 4on0.218(20 - .
Zi (o) = 86.6 J ! °-te)] - 45.81L677 o

86.6 +J'(too+jéo)hﬁ[a.2|§(zo-lo)J )

%;“(o) = 45.49 + J54'° JL

P_ro\p\em 510

A . ' s
d=90m , Z,=50n, f= spokHe |, wp=2.8xl0 m/is

A -
2;(0) =60 -j20

1
210 aB0ox10 -

= — 1122 x18° rad fm
2.8 » Jo?

3 & Fylo) - jEtempL
L= ~
© 5~ ) Zile) tempd

(60 -j20)~j50 Lo 1,122 %15 X 90)
50 - j(60+j20) Zam(1122x15%20)

AN
21_-_-_50

A
2L= 56.09 +j 20.75.L

3.22



P""Mem 9. ]l

A A .
A=2m, Z,=750 , up=2.6 x10%mfs | 2 =1zot+j30.a
Ua(t) = 150 cas (1.26 x10°4) =126 x108 rad /s

8 -

2.6 » 108

A [20+)j90-75 . o
a) = - = 0.463[_3_8£ = 0.366 +0.273
120 +j 70 +75 :

[3(:‘5) =-(b.4es 1 3848° ) ( ‘e"JZX 0-4-85(2-3))

-3(1.2¢5~0.97%
F(z)=o.4.69 eJ(' )

. Ay —joaBEx2 jo.¢r8
L) isolel = Ute (1+0.469¢ )

A

+ .
V' = 107.3¢ (4347 v

'\7{ =(107.3¢ [ 43477 ) (10982 ™ ) 2 yom3 [=1208" v

YAV = "1 3458° 3¢1-1208" ) = 50.35 26.60
V, = fr V; = (0. 463 13¢48" )( 107.36(=/208" ) = 50

¢) wvswro I tfe _ _1+o4Ey .,
I = fr 1— 0.469.
-J1.2¢5 )
‘J) F(") = 0.463 eJ = 0.463212:48

F\?(") = |07.36 L‘E’.‘f’l. \_ | +o.4c,3|-72.4-8']
V(o) = (3], 59122997 -
AV = V(o) - V(1) =131.59 —150 ==18.41V
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e) Fr(z) = Re[ (V v .._,pz)( V* JPI ):)

+=

=Y - '07'36 = 153.68W
2. 75
T}(z)uss.eaw
A . .
-JFZ -128(1-2) V JPZ Lx J2p(1-v)

Pb(z) Rci[ f J g ][ e ‘OR e ]

_ v'rz 2 107.3¢° 2 '

T T fﬂ =- 75 0.46% =—~33.80W

Pb(z-) =-33.8o0WwW

f) Pl)= Prle)+ B, (o) = 153.648-33.80=1/2.88W

P4y = P (L) + P (L) =153.68 ~33.80 = 119.88wW

Pu) = 1988 = /ooz
F(e) 119.88

Pl'ouem 3. 12

_l.-.-. 50m | L1= O.‘SFH/m , Ciz 50,9F/m , 4}5&)=230 co,(G.ZBxiovf)

A -
ZLf- 250 LP— 1

A -t
0.5 x Jo 250~ oD
a) Zc:f | -_-_-IOOJZ /OR:' '.'-0-4-3
] 250 4100

50 x 18’

7 - -
lo) P-.—.. 6.28x|0 ,ﬁ.ﬁ'xm 6,.;50):/&'z = O.3l4.r‘n_J/m

A A —JZF; :
(o) = e _ o -j2x0.314x50 _j3La
f [r e =0.43¢e



0-!- = 2'80'—@_ = 145, 81 [-O-_Z_'M-. |4
- 3.4

| +0.43 éj
~ __' z ° _jO.3|42
Ve (=) = A<l =(195.81 [-0% ) e - [v]

~ At PR . _jo.s;q.a' ESTIVE T CI
V, (z) = fa‘(z) Vel s (14581 2% e Nouse )

Te) = (842 [02w7) GO39 (g

e —J034E . .
~ 195.81 =024 o e _JO.?;M:E -
If(z),, L—’:' =1.96/=2%% e - (A)
o .
. J(o3i4z-314)
e 84.2 [-0%*h e .
I,(2)=- —2

!oo ’ . .
. J(e.3i4z=314) . -
Cfb(?)z ~0.842 !—0.274 e - (4]

e) P(E):Re[vff*] I_.
'f ‘f { . _jo314z i g0 3142
=Re | (195.81]-02% e rgelozis’ e )]

P{ (z) =383.79 W

f(2) = Re[ Vb fb*J '
1(e. -31.4) . =) (0Myz-N:
- Re[(84.21-027¢" &M N cosatean ﬂ

Pb(’Z]:: - 70.9 W

3.2¢8




Problem 9.13

A
L=o0.42m i.—.?i_ , E =20-y108 | C=50.78pF

L5 (£) = VZ cos(6x1ft) A

B= .2_1%- = 5.74 rul/m

W= 6x\0 rod ¢ A-6.42 = A=1.68m
4 e

}

‘ =12, 2
C = EE:.?—BK_IQ_- = L2089 X'Olo F/”” ’ L = F = 3.742 ~
0.42 : C‘ch,l. (GMoe)le,?'OSJ\lﬂu

N = . Ly= 3.214510-1 H/m
Z. = | 3.214x10  _ 5| .56,
7.2609 % 107

-4
Zide)z 77 _ns.87[2657

. 20 -jio
: ~t [ ]
- vz - 1A —IS'—-‘LE"" A
Srms Jz .

'\75 =0 )(133.87[26-57° ) = 118,87/ 26.57 v

Problem 9.14
Q=Tm | Bg=2802 n | V=Bolo v, Ti=210" A (rms)

A . ° . .
Z, = Sols. -25l0 a For he maximum. powerAfmn.rfb‘,
AL Zi (o) = Zz

A e
z;m(o) =28[2° .

J.26



25 +_;2= don 78
Z, +]25 ton TP

28l%2° _ 2,

(26.31 +)9.58) (2. + j254eTp) = 2. (25 +j2ctomTP)
2¢.312. -23.95 lan7p =252, (1)
68175 hmza-r'?.ssz.,_,.—-zfta*?ﬁ (=)

Slving (1) amd (2] simubloncously  goeldr

2, =28.86n aud p=o0.144 rod/m

Problem 9.15
~ . A .
Ze =F5 , Z_=10-)400
- A 10-)40~75 .
o el o 'ct&nf : = -_:0.51_3!”23'?'
Vallwge reflection  cocff [rv 10-j40+75

Currenf f‘-f“ld‘b‘" Coc-FF-'r:a-J : ﬁﬂlz—ﬁﬂva‘ 0.8i3] 56.8

Problewm 9. 16

~

A
2 =50n |, f=IMHs, Z = |Ma

#ic.
~

A N A A
2 = B J] R o B P
;H* 2‘];
' A
No rc{hc;ﬁh af R ?J.ﬂ.ﬁ{-a /QJ( =0 )
A A %M %o.u_ gal
p T -t Fxm,. T e
T e = T =0
R 4TS Zh'éeu A
-T—'T- + B
A b Z‘h.\- °fe SOXH.'!G
~ é -~
2,10 —~ 50(&,, +10°)=o Zo= = Son

et Sl



E-olalem 9.17

A .
=12m | Zinle)=120-)80 2 | Az2m f = sOMHz
P-.: _?;_:ﬂ: w fﬂ-"/m

2

Z, +j2,un(27)
Z, + 2, tom(12m

IZO—JBD = 2.

1202, +5808BZ =2, Z, (1)
87.12 2802, = Z:oaze (2)
golvl'rvg (1) and (2)  simdbnanly  yelds

Z. = [20.5| 52

Problem 9.18

A ~t o
Z, =500 , fzlom  f=200kHe | V=502 V (rms)
A A )
2.,=152 , l=2m, Z, =120 -j200 2
A A
Z‘,_,_ A Zeq
—f) i
lom Zm
. o A
E;"ico) E:ﬂz{a) ZL
' 75 - 50
Cl) ﬁq: 55 750 = 0.2 ‘Iﬁ=l+ﬁg=1+o.2=l.2



3
‘9) W= 2T x200x10 =41rxlosnul/s
ios -3
__f_’f___-.-.q..sleo rodfm

/0 8 .
Mo o o= 2.78%10 mfs =
A= T3e s > B - 278%108
Up, = z =25 xtosm/s — 47,“6'5' =5 037(\!;3!’0.1/”\
> T8 x50 ' s P2= 2.5 x108 :
. -3

2 (120~j208) + ) 15 tan(5.03x10 x2 " e

Z;nZ(O) = -?5 : ) ] ( -3-“ ) - 226_49 -51-84 2
75 4j(120~j200) tom (5.03x18°x2) -

. "-j-’s
:?_9 A
~ I N
Vs Ziu‘(oj Ei“z(o)

A -59.84" 4 (4 =3 .

22¢.491 +)50 ton (4-52x10 A 10
Zin.(") = ) - 190.02 j-6455 o
50 + j{226.49|-5%84") to.(4.52x15%10)
~ 50l )
L= =0.263] 6435 A
> 7 T%0.02 -64-55° [ 42

~ . _ ] 3 . n . _ S .3 i
VA :(50[9_)w(4..52x|o sxto) -J(0.263[54'55 )aSOn:-n(4-52 x10°x 1 )

VA = 50.48 l-a.2‘j° Vv

= a — -3 _3
IA = -j "'L'(SOLQ-)s""(‘\-'E’Z)“O 3XIO) +b.263| 64.55 ) c..os(4..5_2.xlo xjo)
50 .

—~ °
T,=o0.223 [5%52° 5

8.29



Problem 9.19

Z =500 VSWR=1.5
VSWR = ____....._' + 1R ' .5 = I +fr o 0
e T D pemoz
Z,.-50 : o
RS —m————— = 0.2 = -
f = 750 > E =750

W"H" no 54«:\«.4:-.7 WoAes VSWR = | or Iog‘-'-u .
For ‘op_=o ZLI-.—- Z. =50

L=t >3z,-150n

2 = 2 /2, =50 = _ .
75 2w 50

Pr‘olnlem 9.20

A
A =10m , )a..—.. 50MH:z , 2c.=8on , -/3=,_,grnJ/m)2,_-_-J5van,’%=loov

= !0011" .
IR.'-’ —_— - p.067l2_ A
1500

Vs =(oore )“J(!.Iax!0)+j(3010-067/i)5|'n(1.lﬂxl0)
U_.; = 72.14 -2.9%" vy

VS = 72.14 V (rms)



Problem 9.2)

JOR - 1500 - 8° = 0.899L2:
i5Do -+ Bo

-j2a118x10

Vi 7easl-2% o (T(1+0.899e )

02 57.91|223¢F y

V(z)= 57.5:1/ T 0.895° 1 270.899 car[zxr8(10-2)]

V(z) =573l ﬁaoe + 1,788 <os (23.6—2.362)

To Jetermine dhe VoHﬂ?l ruk 23,6 -2.362=0 = Z2=(0wm
23.6 =2.362=2T % 2=134m

cr

Vpay =V(10m) = 5731 /1808 +1.798 = [03.97V

. . g
TIMS AR  eCcurd of Q-Uu‘"a ;\/z = ..]...’-g-: 2.66m

T(z)-= 513 J; + o.assz_'z,o.sss w[Zx\.IB(_IO-E)-_]
50

T(2) = 116 [ 1 808 - 1.798 cos (236 - 2.362)

Te dalermine  dhe current Puk 23.6-236z= 2= B.6Im
or 23.6 -2362=3C z=640m

T, = I{8.67m) =116/ 1808 +1.798 =2.2A
Th:‘s maximum current  occury at w«r} }Ia.[{ W"&'I%J

J:.E ?\_: _Jr_-:'Z.éém
2 118

9. 31



‘Prouﬂ-lm 9. 22

2.=750 , VSWR=2Z

| +fr

2o 0= ’ '.-:—l- i
| - fa —> fr=73
: Vinox. '.\/-I-(lﬂ.“a Y i eee l+‘_:','5 . |
Zmo#-: = = 2. =75 = /5002
T M G-F) fe | i0d
' v (l"'f’g . - - J
zmin-.—. Vo, = " ) = Z _'—.‘.‘L_=75 _1__3_. =375
Tmin  VEQi+fR) 0 I+ a+F ~
Ze St N
Problem 9.23

f.; loMHz , 2, =550 2 = (x:za.n.// C',_’::Ioo.-.).aF}f-'
A 1 o
ZL:‘. — = I9-65'J2-47.ﬂ.

) . 7
—_ 27 a0 5 t0
20 +J

A 19.69-]2.47 - 55 o
J<4 -0471—_)004‘7 '—>f& 0474’*—'3037

fr= s -
19.9 - j2.47 + 55 ' b= -3.039rad

| +0.474
474 =28
] - 0.474

2p(l-2)-¢ =2nm n=0,12,3,....

VSWR =

For n=zo : 210_25(,(-2)+3.039=0 = -2 =2~8.9m
"= 0O s ;hfe.a.ulle Lecaure 1-2<O e o

n=1: 2Zxo0.22 (1-2)+3.039= 27
J-? =7.37m

-<9. 32



Problem 9.24

A

24-..-.50-!?- 2 1:]2%\’ uf-.-z.'IxiaBm/s ’ £|_='5°~"-
‘ 5 A .

¢, (1) = 25¢cos(Bxl0°L) V | Z_=l0~)52

5 ' 9x105 -3
w= 8x10° radfs | P= =2.96 x10. rod/m
2.7 x108

) | ,
N '
a) Zlo) =50 _12° +J50 tam {2.9¢ x10 x 12)

50 +j150 toam(2.96 x153x12)

= 148.5 ~ jl4.05 2

o~ o’ ..

T,. 22— - 0.157/45" 4
10 =~ )5 +148.5 - jl4.05

o M ~ ) / 9'

Vi = Zinlo) I, = 23.389 /4243 V

A ~ R R

Qg= VsI, = 3.642 -j0.345 VA

Ps=3.642w , Q;=-0.345VAR

A A

b) Zi.(i2m)z Z, =150
VR :(23.35" [ 1449 ) 604(2.761:10.3&!2)-_1' 50x(0-l57z6-86.)s:'n (2.?65l533l2)
Ve = 2337 127 v

ol . .
’f - VR = 2337 [oF) = o0.156 (277 A
R 2, 150

A ~ o~ ) 2
Se = Vo Tg = 3642V

]

PR =3.642 W

/

QR-.:O

J.33



R P L R LA )
in -
50 +[150 tan[ 2.96 x15°(12-3))

=149.153 =j10.531 o

V( 3m) -.:(23. 353!1.449‘)&; (2,96 xl;a(lz-a)]-j 50x 0.l51{6.655.5:“(23‘;‘;3ﬁ)
V(3m) =23.3¢8 +j0.383 V
T(3m) =23.35 M.(-j-g';).s;nfz.es x|63(tz-3)]
+ 0.1‘57&3_5.5.7 Cos (2.96:!53(12-3)]
T(3m) = 0.156 +J'o.oos A
A ~ ~%
5(3m) = V(39 T(3m)=3.642 -}0.084 va
P(3m) = 3.6442wW

, Q(3m)=-~0.086 var

A 3 -3
J gm) - 150 + 50 taw [2.96518 (12-9)] ) o
) Enlsm) =50 e )~ W80 I 2

V(3m) = 23.359 +j0.521 V

(3m) = 0.156 + jo.oI5 A

> =

~ ~
(8m) = V(3m) (3m) = 3.642 ~0.253. VA
P(Sm) =3.642VA | = ~0.259VAR

e) Vi, =Yy - Vg = 23357 —23.37 = -0.00V

9. 34



P(‘o]oltm 9.25

A :
R =50a , A=100m , Z=40-jloon , i,;=0.503, {= zombe

1

d
A
Z
Al B
Yu‘('l)
A
¢ -2
uf = __I_a.?.—-z-= 20 Ku"'-’?rn/.r , P': _":_: 'Z.TI'._-xZDX-IOG_= Z2om x 1o rﬂﬁl/m
0.5 x16 Up 2 x10
P:O.'ZT[ ruJ/w'\
. ; d) 1
A + (40 -jroo) tan{o2me) .
\';- (J) = l >° J( -g;""-l 50 ion(O.ZﬁJs)
1,12

50 (49 .._',;oa) +j50 {on (0-211:1)
S.;_,\_Vinj the above z.luusb‘au -aidc\s ,
3:2.42\*\ or d=0.93Im M.A 1;:0-5?"‘

USuuﬂL} the  shortest Listonce RJ”‘{” dhe Jood - s

Fre{zrru\.

3.35



Pfo'o-l!m 3. 26

T ey

J=15m , f=125MHz 2 215042252 | d;=2.5mm, d,=6mm

€r=2-5 .
_41Tx157jm 3
27T 1.25
0 27 2.5 xa.QSx\B'z /0
e = . 3 = .57 %10 F/m
.25 '

Li l75'x|o - 33,18 0
1.59 x168'
p=2mxl25x10 ﬁ75xl6 <1.589x16"° = 4.14red/m
| l _ .
| I <

Y} (1) - 33.18 +_;(150+5225) tan (4. qu) | o

SO\U;nS -HM?. alow.z a.?un.“u‘-!n alb‘As)

d= 34.28em and ,Qs-_-_'é.SGcm

9.36



ﬁ‘o‘alem .27

' ‘].'-:IOD‘m , r'-.=5mm., .L--_.-'

i50
loo

Ly=

gl(f)f- Rg(f) +Jwly

150ul, G=o,

-!5/1”/»1 , ;=

2000

YL(F) "’CL

. f © ‘w)

TS e e

= 20pF/m

C =2000pF

Ry(f)=1 /7_1;%

x(f) +JPf1')

f Ry 2 2
o u
kHz)] [ah Dy gl . caprmd | L .-EJ}»J‘ [ rote)
. Y TN -

o | 0.002 |z13872-j2.4/3  [3.032x0 +_;3 wax5? 3 0822167 30420151 LE309)
Joa 0.005 |[273.862 -_j 0.763 9, 589;:0 "’J ¢.603 |4.589x 156 0.003 1-83“‘
1] 6.017 |273.861 - jo.241 |3:632m1874)0 234 3032x187 0.034  pe3"
10%] 0.053 |273.861 - j0-076  |2.589x15°+)0344 9.589157] 0.344  [1830
10° 0. 166 |273.861 = jo-024 3,052 x15%1) 3.44 . | 3.o32nd| 244 Lo
10° | 0.525 |273.8¢) ~jo-°°8 4. 589 x16%4 7 34.414 _7-595"'";1 34.414 pasud

9,37




Prublem 9.28

L=100km , RJ_- 34 63 x10 .n./m L.l - ]500 xl0 ’/J/m 6’0 f:GOHE

-/,
C‘ =55 xl0 zf/m

S Fe =100MW | cos8=0.9 ““W"‘J) Yo =104000V . .
4
a) T. = 160 x 10 = LI A
: R 165 x0.9 !

a .
" u‘ -
Zy= 34.63x10 4 j27xé0x15%i0 - = 5.665x 16 1/ 86.5 2/m

¢ 3 - - —-8... o
Y1=J27|’x SSx\o'z=2.o73“°8£90 8/
A = A A -7 ) ;‘
Z. = ’ i = |65. 3Lﬁ a2 ’ﬁ:,}fl\’ﬂ = [.048x10 " 4 3.426n1°
A

7 -7 . & 3
V_sz 100000 c.a_sl-,[(l.o4axlo +) 3.426 nlo )xlooxiu J - 1&5.

(-3 . -7 . - - 3
-(]65 L:’Ji?_)»( llll.ll!-25'~_“7 siﬁ‘a[(l.o.fl.s;lo + 3. 426 x10 )_’“°°”° ]

~Jt

VS = [.033 ,dos!-34.037 174 or V5= 109.3'L'i4i.,2. LY
~t A .
I.=- _L.__.. sinh (T 4) =100000 +(510.11 225%) cosh(T4)
|65|-l.152
T, = o6 [=2:785" A
A ~ e P , 7 .
= V = [07x10" — 14.609x10 VA} Effie: o IR __loo
£ . VEIRNREY ¢t M -
] s T J q ¢ Al P JoF
P, = to7 mMw Q = - 46.03 MVAR 7___33.52'
/\ ~ A . 7
SR= VR IR = 108+J 4.843x10 VA %/ ervuéﬂlnﬂ
AV= L A L
Fo= loomw , Qg ="48.43 MVAR 1 | loo
avV= 9.37

3. 38



PI'OLKEM g. 25

A Adipsle .
i=2°°ma Z, = 'l:. =T4+)4252 , f:‘]OMHE

R£=l;4x |53_p./m) L“: 220alO-SH/m 5 C‘t:l??xlslzf-‘/m

GJ_: o.1 HS/W‘

a}
= 21rF:-. 27«90 xioa = 180'{r I‘»|°6 ﬁu\/s

-3 . o -
1.4 x + ) 1BoTx 2 i 3
4 X190 ) 10" x 220 x10 = 35.255 ~jl.808x10 4--”.

2
C=
0.1%15 % + ] 18T X177 15"

& _ . ——
’?: \/(T.ztméstjlaonxlo 220 x15° ) (et 115541807 x10° 1 77110 )

- 246z x16° +)3.6289

g{>

A

Zl.. +£¢,&Mh(?/€) N
— - - = 12735 +) 1.262 5
2.+ 3 tomh (Y1)

Z}.\(ﬂ) = .’Z\‘_

b) i:i_s=10|.— A

o

A o~ . .
= Zia(0) I, = (12775 4j7262 )(1012 ) = 1271775 + jT2.62 V

V, = 146.94¢ (2365° v

KU

~ A - A~ A ~ .
Vo= corh(¥)-Vy ~ 2. T sink¥l) V= 35207412728 V
Y -99.234° '
Ig= 4 JeL0m4 2,602 ~13.202 E ’
5= — = -2, ~-13. A=d42¢ 2310 A
2. Hri4es ! *
. N Sy :
Power delivered do dhe cable: Sg=V; = 1277 4)726.233 VA
Fe=1277w |, Qg =T126233 VAR
Power Hromsmitied bydhe antenma: Sp=VaT7= 1260 +j723.423 VA
Rr=723.413 VAR

PR=126°W "

.39




Pr’oumn 3. 30

A . . =3
l=500m | 2Z _50[-5 o, x=50x10 dﬁ/m} f-.-z.smne

-5 A . ~t °
Up=2.3x10 km/s . Z =200-j3c0n Vi=20l0 1

=3
50x10 6
= 0.0058 Nf/m . P= 2T n‘2.5XIO- = 0.0683 l'a.J/m

8.9 . 2.3x108
’?-:. ak-;-jﬁ: 0.0058 +jo.0683 =o.0685|€5.5'

z, (o) =(501=5") (206 -j300) +(50L=5) Tm-hgo.osasl 85.15" )x500]
(50L8") +(200-j300) tanl(0.0685 L8555 500

. ~ L]
¥, % zoLe
f;,\{o) 50.211 [=4.834"

T I

Te=-

=~ 0-3?5[_00_ A

(zol2 ) 's;nhko.assslii-_”')* 5_°°]

50/=5°
+(°- 353&:) Cos\n[(n.oé&SZ 85.15 )xSOO]
Fik - o,ﬂoé[—lOS'..?Jj' A

~ A i v
Va= 2. T =200 [-162.293

Power Ja(:'vcr-cJ +o he /an:
~on

A
SR= Vz IR = 0.006 ~ jo.0c08 VA

PR_'-" emwW . QR‘= 7 mVAR

8 4o



Problem 3.32

A o .
f=Bom, Bo=4o[=5 o, 2, =280n , y(t)=20ces(6xi0’t) V
Uy (4) = 18 cos (6x10°¢

-2°) v , £G=50+j40.n.

a) V,=182v  {L=zoldV

V "XG—"" in(e) —_->. 'Z\;.\(o)' = 194.485-j56.7¢ o
ZG +Z {o) y
k)
—Th& rmfaag;ﬁ'evl cam-l'mf.‘
From  dhe "“f“j' '”‘fmfmc.e , at 2=0, :
tanh(JL ) = Zc (Z'- 2,,\( )-] (40122 ‘{280 —(194.485 -j5¢. 700\
n\(°) (m 485~ 56.7¢X28@) —40
| M(%l) = 0.053~+ )0 .053

A -

= 7PAL=0.053 40953
A

A=

5..\‘4;.

-3 . -3
= l06 xio~ +)1.06 x10

c) Re.f(er-‘hrh C“{{'"‘Wi

—_ Z:_"Zc.

-5 .
FR ) . _280- 40— _ 5 951[l45¢
ZL Z. 280 +4’°.L-'£' .
~ “J —,2. . ®
-I.s'-'-‘— 1/3 = 8L~ = O.OBSL—-——4.27 A
Zide)  194.985-j50.7¢
c= con(T1). T, - 8T, sibl@) > Ve=rnpalzit v
. ~12.548" |
,-..IJR: YR - '7.854[____ — Q'Oﬁ-(]- [-—!2.543 A
EL' 2 8o

9.41



e) P

U (1) =17, 854 cos (6x10°t —12.548") vV

Lg(1) = 0.064 Cos(leoe{: ~12.548) A

d)

Avern-jﬂ Fowe.r cl,ur. 40 -F:rwn.ﬂ; wiava
~ A
\/}'I" VS 'I'Z;Is

—
—

= Jo. —10.148"
= 0.748/ Y;

P&)— [ -2 ‘:'.‘

e

-3
+ |0, —ZXIDSKIDE
P(z)=7‘2-( us) s
4.0 .

~3
~2.]0 X\D 2

P (é)_ L.438 &

Awmje ’:ower dues e

backuward . wave

o~ A .
V =V, -V =72084 V
-,z 242
|
P(z) = E(\;: e cae.
=
" 5xio
P(z)=__l_('2zsa) ezuo XI5 = .
2 40 ceos S
2lox1032

P(z)=-00657¢e W

il

+ -
P(o) +P (o) =1.438-0.657=0.T81W

Pa = P(Sc:m)-i- P(50)= 1295 —0.729 = 0.566 W

ﬂl=_‘1x._. 0.58¢ _ 07247 = 7:72.47%
P, 0.78l
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Problem 9. 33

ﬂ-: 257’!) L1=0.4HH/IM )
A
v ’ ZL=I6°JZ-

Cl=4-5'fF/m , R}= a-ﬂ-/m’ 6‘!:0

V() = 6o cos (Tx10°t )

-

. [ Y4
A [ ]
\/*3 +) 7x10 x0.4%10 _ jesossl N

Zo= | o
j7x|o‘x 45x18'F

= 0.03 +)0.04Z

r_?-_-, ,‘(( 8 +j7xlo‘x O-qz|6“)(j7x|o‘x45x:3"')

o
A A » e YWY,
- J6o — 164.0352Y ) 5159248

a) = —= : -
fR ?‘L + Z¢ léo 4 IGQ.OSSI—Z‘-EI

[25(t-2) ~j¢
f;(z) =fR e[ J ~] .
_[2(0-03+jo-04.a)(1-3) —JI.SIq.]

J’o‘(z) ~0.31%9 e
..a-oG(ZS—ZJ ..J' [0.034 (25-2) —I.LIA}]

F(z) =0.39 e o |
b) é\ (e) —(ls4 03s5/-2}k 8/') 160 +{64.035/=2" ) -,L,.,L,Ko.o 3+jo-o4z)kas]
in(0) =(164. (164.035(=28" ) + 160 tahfo03 +]0041)%25]

:Z\;,.(o)-_-.' 144.03 =)IN. 73 2

L ° ,
’ 2:.\(0) 144.09-)lIT13
A w 0.032 rod
-t + A o
=V +V , Otoseus M8 v -
0* v -—> A o -0l red
L=7 "7 V™= 4.035 [-26438 v
STERZ
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Ferward Vo“wax Wane

~(0.034+10.042)% jo.032 -0.032 - j{0.042% =0.032)

'\'@(2): 50.415 e =Bt4lSe  .a

Backward voHn?l wave :

~ (0.03+4)0:042)2  _jo.4b) a.032 j(o.o427.'-0-45'1
V,,(z)=4.0356 ,eJ = 4.035 & -

ForuuurJ CurrEn‘} wave *

o~ 50.032 jo-‘l-f _CQ.03+'3_°43‘)% ) . ‘o -
I]c (2) = 0.3%344 & . e e / - 0.34450.‘933. 6:1(0.649 0.6422)

Backward current wave :
~ 0.03z (0649 +0.042%)
I,,(*) =~0.0246 & -

C) Aw.ra-ze power duw +o %rwu& wawe.’

z
+ t) -2«
Fler - 1 820 e,
“
+ + _a2x003%
P(E)r..%.._slg%e u:35.3$’°

-0.06¢

P+(z) =i912 e

AV‘"“’je rowﬂf clu.e fo ]Da:d'.wu-rJ wave
) 2 '

- V™) 2«2
P(2)=z- -l-- ( e cos €
.2 zc. e
- T 2x0.032 .
P(z)=. L A5 cos 35.35
2 164,035

P(2) =-0.0305¢""""

d) P, =7912-0.0405 2787 W

0.06x25

-0.06x2%
Pe=790¢ - oo4ose =158

"I_-_ :,.";8{75 =0.20) al-_ao.gz
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~ _0.03225 .){0.042s25 - 0.032)
005M S j(a.a:,zazs'-a.q.u J

| Q)_ VR=§£.4l5e e +4035e e
Vo= 27.¢88[-4031 v IR
VDH‘“-‘)J Jror . AV=¢60-2T7688= 3231V

Pr cblem 9. 34

sttt |

J-'-o-"”{_Loomm . l-.:]o:.m , f=1ooMHz
aeEmm —T ) ' . -
eef'.";f's‘s" M= Mo c;u=5.axso7s/m
2 | BT 2 574 16oxi0® .
Rg: _&-— _.----Of - — _j-znuo X loexio TC. - ’_0443_/1”.
5%10 5.8x to?
pd 4—#%157)40.2;&!53 -8
Liz — = — = 5.0265x10  H/m
a 5x163
C ca 3.5 x8 85X16 X 5 X16° : o -
. . » 1 -t
L= T — = 7. 744110 Ffm
0.2 %\o0
5 l.044 +j21rx|c>8 5.0265 X 10 8 ' ¢
d) Z.= x5. _ 8059 |-0-%47 n
| j2rx10® x 7. 744 x18"°
’ 58 2mxietx L Tek 313 )

b) ’Y—;J(l.o.ﬁ +_j2nx|ns,g5.o?.65x
;1-_- 0.065 +)3.721 o

8
(7 IM X0
O P > w2 T = 1602x10" m/s
| ) p 3.921 o
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Problem 9.35
U =5ces (C.ZBK\DB{:) TR=53153L£ A

Vs-‘- 5 Ig. v
o sk Ve x ekt T (1
¢ A ~t A o~
= cosh -V, = Z_ sk« T,

sul.,séhk.va (z) & (1) .,3.'._(.-.&.;
sk T cosh 4L Vs +coshid - fg )
. (3

2

(2)

EREN el

o.Hl
"

v 1 24,
| +smh 7L
T, - 0.604 (538" 4

V_.: f_,* = {.503 -J' 0.14 VA

LY L

A
S, =

Q, = -9.14 VAR

P{"o‘glﬂm 3.35
= Smnm, u;(t) = |0 Cas(‘fxlﬁlot) 14

r:= lmm ;

_,Q:Zm, i
A:R('t) = 0.5 c,os(S'xlo‘of- lo') mA

9
ag=58x0 .S/m’ €E=2.9¢€, ) f-‘(--/un

Ri:' .-.l_.. iH ( _l—- + —-l-—) =4'4’4’5"Q'
2 Y ro. VN N
L:..r—&_ r‘-32| Xl;? zmwe 5"
1 - ,Qv\.;..c.. .219 H/Vh J cx-_—_ = = 8.638 x10 Flm
;:.
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. jo
4446 +]BRIOx3.21 ae !

A
2. = 61.046 - 0.0075"

}8.638x15" x5 210" 2

A

’X:r\/(;.alms’-}ijIowLS.lﬁ xlg?)(j 8.638 x13" x5 xuo'°7
A .

Y = 0,036 +)263.643  Vm

From (3) of  Problem %35,

~ °
1,-= 0.091|-7%.812 A

’S‘ A it
s= 3 V, I, = 0.08 +j0.44¢ VA
PS =0.08W

—~ A ) A A ~
Vg = cw’«("/./[)vs - 2 siahTL - I,

PR-.—.o.oosw , @R=6,084X154VAP~
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Prouﬂ‘m 9- 37

on—

/ . . .

Ryz 0.0 fkm, Lg=t8mbfim, C=T.3nF/im, Gy=0

4 | ) 5167 R sy
a) 2o [ol ¥)AMxEnrLE7 = sl n
jamwxbo x TIx167 L o

e

T . - . . . . - _1
L,) ’?.—.,\/(04 +j-217x6o'xl.'5><|°3)(321rx60 x7.9x%\9 )

4

A _ . -3 ) . .'..
A = L1143 %18 4 1303% 0 L/ km

A 20X 60 5
c) tp = = = 2.893 x10” km/s
B [.303x 163 . _
: _er _ _2m = 4B22.0% km
‘L) _2"" B T L.303x153 4 ' .
|Svxlo
= — = 500 A
e) A A=3s0km | W= 300000V, Ip® 3o T
. Ay =T3S0 _ 4350
300;&!05[1_ = V+e + {\/ -a (1)
oo C’fe:--{sn _ O-e‘?an . (z )
% " yasagSer” 439150
So[lﬂ?n: (I) and (2 J Sr:mwf'ﬁ.nf.ow%' ?ld.f . |
A4 >0 vt . - /-o.zzqraJ
V = 2.'7o:xrog[24-‘°°7' 4 , V = 4.012 x10°7 [-12.8¢3° Y
~ JO9t ~(L1g3xn s ¥ [ 13032153) 2
VF = 2.70ixl6” & e *)
r~ 5 —li43x15 %= ".j(l-3°3’”‘;32 - 9.419)
Vf=2.7o;x|o e - e 14

where 2 is in Enm.
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.5.:::224 (1.14-3“6"*-1-_)'!-393;153);

o~

Vb = 4.012Xx10" ¢ e

~ 4 l.l43x15+2 j(l-BBBMI;ai.' -0.224)

V, =402 x10' e e oy

whete B 95 o km.
£) Vi= Vple) #Vile) |
V = 2.7013105L2_'4'_°2r + 4.012 /=i2.893°
: —

-t . .
5 . .
V; = 3.032 x |0 m V4 = 303.2 zI‘S.QST LV

Pt

3) F . @ Vi)
2, X

Is"' S544.818 (34 7% -A

A ~ .~
8
s = 1.593 x10 -J‘4,341xlo7 VA

3

P_c, = 1573 mw 5 Q_‘: —43.63 MVAR

‘n) ‘ ':'..._PE_.
1",
_ 150 _ 6.942
1= 159.3 4
’7':. 7-4-.22
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Problem 9.38

For a .A;sl,o.--kenless line R_,_Cl-.: L",_Gx_ () .

\ . .
For | i [l eie
G, +JwCy Cp G L e
C

' /2
distorhamless Limg us u'.\j (1 ) -a.qq,uj

For a
b
¢

el [T T —'ch
§=J(RL+JUJL (G +chz!-) [,/R’L-!'wz[_ qu R‘XG‘*W l G:.)
l lc.JL rdidess  line,

'T J RL+ML G +wc}') R: .Fgf o -:Lrh

+
4 [ + —
(Rj.-c-m L) (6, "'“’c ) __K‘;__ o (B G'L ol S
(R,l ) R;' 1w L
R'f

For a .31'»(‘{1&'2“ lllﬂ U-.lu-j (l) ‘3"—'-‘-(4 D{ R‘_ G.L

A
Z. =

ot ' 2
z L 4.4 2.2 G
P"]/‘ZfW"LZ)(G;.w Ly) e Rl
$+°°L") oLy Ri_ 4
CDZ'LJ&

For a  distorbiodess Line Usirg (1 ‘}"."u’;
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?roLlu;. ‘3."39

. Lﬂ-: 0-4,4”/"\ ) cl= BGFF/M 7 R_l_= ”'WI-Q/H‘I ’ f:?SMHE

- .
% . = 0. 4x1° - 8.2 0
<=\ e, - Bex1o'Y

Cy
=3 -2 i
f ReCq¢ 1lxi10 x 8éxio -4
A= G G, = = — 2.365x10 5/m
Rl s 4 Ly 0.4K16%

- - -
A= ,/;xmaxz.%s;clo -.—.z;;m"‘/vf/m

' - -1z :
P: 2n x‘lExlos‘ﬁ.qmo‘xsémo = S.SfO-J/W

f?: 2x1;++_}'3-5

‘
ap = 274 45510 — 1.705“08”'/5
ProLlem. .40
5 L1 dB
A=20m , 2.=752 ty=9oms  &y=ze-!
-
A = 2! ooy Np ae 2% 595 xi0  Np/m
8.6% 20
- 20 8. s
ty=9ons Up = vy 2.22x30 M/
—_ -7
V=2 22x10° 75 = ....f.:-‘- = L = 3.378x10 Hjm
o Ce o’ Gx15"F/m
JL;C.! g =

. Ra1Cy 2'__ | _ ’dzf._g _ é‘

- -
Rl: 5.75x10 9}' 75 = 0.0432 Jz/‘lm G, = D.0432 abx)o
24 3.376x157

:7.677(1;;/
n
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Problem 3. 41

7
-f..-—. IDOlkHE , f’i:]-5‘mm‘, Mo = 3mm , T=5.8x10 .S/mJG'.-.Z_zgo

L - ZA‘JTXID-? 3 - 139:(10-? -!'l
1 2T r 15 " /m

=12 -
cﬂ - ZTx278.85X10 = 8.82 xlo"F/m

3
An Iy
3 -7 ' —
Rﬂ"' | 'DUX|0 x 4”1'0 ( ’ ! ) _2
=2 = 1.313
2 TX5.8x07 LE%1S? -+ %153 xlo .rz/-m
31315 i
G _ l. Alo xB.Bleo 83 -
1= 1.39 x g7 =033 x10  S/m

A -7
?_(-_____ [.39 x 10
vV 8.02 xi5"

R = [Ry6, =ﬁ3!3xco'zxa.33ma‘ =33 %10 Np/m

= 41.63 2

| __ —
B= 2T xloox|o ‘[I-B‘Rxlo?xﬁ-BleO” -——2.139)(153@4’/»4
/Ot‘-'x/t:!3
U,o: xz?r_-_z.aiéx:osm/;
2.199x 153

3.52



Problem 9.42

d=1om , 'L=2HH , C=2oo00pF | Ro=1oz, R =locon.
V.= lov i = Ins
a) L‘.—. 2. :o.Z/JH/m ; C_[-.-. 2000 =‘200fF/‘m
10 .
- 10
Rc: o.xsé = 3l.63n Is‘-"— ——z0.24A
Zoox 5" Jo+31C3
! 8
Up = = .58 Xx10" m/s
,J;.Zx.ls‘x 200 x18°¢
-8 '
-E{::_m____: é.32xlo s {£=€3:2“5
1.58x108
f’R-‘- foo -3163 o ' ﬁ:_’_"_'_'_f.,_:..o.ez
foo +31.63 ’ 16 +ioe
5 VOLTAGE LATTRE Diaaw R s CURRENT LATTICE DiAtRam R
2244
o2y |.
(a.u)l"'so
0123
@ollf)( 0.82)
ho-’ﬂ’
: ~o.108) €55
0.054
( o.ﬂs'f")( 0,.1} o.
244
{ =574 €25
_0_0225
f‘o.qh.a e
~90)87




ai_‘.-p,('k)m[ A] o
1 QI‘ZTZA— e

-

doaza o.l15A

' 0214

SRS N R N 1Y
O .ty ozby_ | 4k 5§
’ L eheany

 aad
-G.009 5

3.54

1y
5V -
0.936V
el 4 5t eV
-5V PR
rit) Wl
2.4wW
L2 W
5 : 2?'- . 4ty 614 .
b -1:A.213|,\'p:“'é -o.039w S& —'huiiw?(‘ 4

NN TNECTE

10.24A
3 At 0.038A
N Z'ii ) . 6;&{
° 4 My 45 sy ] Feh
= O-O4I5A
‘r\‘-";._t-t}["]
sy 152
[-0.228A
LoV
{sv
' : . 2mv
’ b zt*’ 4k Dy r
=133y
J-8Y
' ~6.43V
} Rb)Dwl
24w
LI5W -
Jlaw
0.318W o
] o.rsﬂ\d o.00m




Problam 9.43

Vi = tooV d=100m , Re=9om, Rg=502, R,=2s500

joo

-7
{{:. foe =4xlo 5 "..':CI.A'-f-LS
2.5x108 ,
50~90
250 - 70 — . - - _0-29
(ier o e L L
s VoLTASE LATTICE DiAGram 2 s CURRENT LATTICE DIAGRAM
W oo v L']
4 100 : L
' ~47)
ot g2t e
—O.b‘[

- OJ‘SU('NP

Lz.oﬂ“"‘j('u'w

=280 1,53

[‘2 pa:'?' w-g)(.ﬂﬁj

.82 [~4

(3 .qu';}(-ayv




1, (+) £v1

4
1/.aTyv
1 _128.8]V 129.99v  1n24.35v
. siate
{ooy {ooy
sov |
° Ay 2i M 44 sk o T, Bk 95 g an
LI LITA
Lo ¥
os L wms“ﬂ: .51 __ o0.5174 -
. S
) Sk—ﬂl;
Smde
— , . . . . . . .
1; 24, 3t 54
B) 453 1 t St 4t St 64, 74 8t 91, 1oy lig,
01 wnw
foe ¢
e Bw
| spzew — 6879w 6c.87W )
\I L"'—’-S-F-a
50 ) skt
o L . b d A, A " A 'l
e 2% 3t 4t, 5t 64 T Bty Jt 0% 11E, T -t
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4 G (RI0Y]

150 4TV
12%.519 24.32v .
126.94v 129 129. 37y
L-—ss-k---l'a
st
0o
50 |
= L , — . ot
Wo24 3 4 54 64, TFi, Biy 9t ot NY
}iglt) £A]
l.o }
D.588A
0.5 D.So8A c.51%A ©.517A o0.5174 -
s .S-k.n.lnj
S =it

1

Ly 2t 3L, A, By e 14 8L 3% 6% I

A Fr(1) [ wl

joo
8t.44W
e4.5w _ ET-3IwW 66.85w  £6.88wW
“
‘\5 Skad

50}
AL
-t

4]
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Pfch‘e-m 3. 44

Pu=1kw |V, =120v (4e) A=500m , R =Son
Vs = 30V Rg =50.a Up= Z10000 km /s
3
~-& 174
.h;: go0 5= 2.38xlo0 s , Rie k. 2o = 1440
Zloococonio fL Jooco ) .
4 =980 50~ %0 .
= :24- i s
eSS WY v@) V1
: l 35 | {150 Vs
+ an)t_o-'ﬂ&) 13ov f UL\QW\
9.\ : ' ] /'
2 -
}i(“"r-z }I :
d (‘9.2’) - |[1oo .
a2 '27-29 i ,
t oY)
(27.25)( . ! 637y
&
’c-ﬁj , o ' L ' 4aiav PR
4*'(- 19.3 1% i ,1134;*——-—-'_ — 5.6,
" “0-29) . . l ) 2 agr_-_ __}' : - 4195, 43y
5.7 .
'Stc l )

’4.15 ' ' 1 L] ! 1 i ] M | L3
&l | TRt 2y a4, Bty Gby T4, 64
6‘4-!5) -0.3 5 .o —.-.t .

| 120
7t
4
! ("zo)(_n.TZ'l)
o. 871
s, ;
)
37!)(_0 Y
3 | 2.253
7 LO-zs-sJL-O-‘-“*}
o) =2 —
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Pl‘oLl-ﬁm 9. 4_?_

RC.|= oo , ££.=4["5 2 Rcz=50.ﬂ., ‘t{;.—.ZFS

5b-50
V = 24V = =0 Sb-/eo -
S 4 fR 50+50 ’ fS £p4+400 =
ﬁ:_ff_:i:t._e.-.!. '1:'-_, [-_' TowurJ: Jf\a 50~ line
50 +ioo 3 2 .
_ ’°°"5°_._~, ,1 ; T, = H--'s-: -g:- Towards loo=~d line
f loo + 50 3 ' )
° Re =icos Re, =502 R
24
@
2
24
4 X
T2 —
6| 3 ~ </
- : - s
- e - 'Lo)\f-
5|28 - &
(-5.¥8)
10
iv
8
12 ]
i L 12
| R 7
14t €373 ... 8
8 It L
-3 R o 1
¢ N b Jo
5 N-&
w6l > 5) |
& 4 I8
b33
20 I 28
8 -~ ‘ L&
22 (-'3)('-:-}) )
9— - ‘R-‘.’
2 - B — = (X3
(-3 )ae |
r{33 &l
B
%43
“I 6) _ﬁ) i6
1 — — —
30| ('3)(?—9 . 79
- T
2 _ 129
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RAQ Lv]

24
18 |
oV _ 17.97v . 17.93 v
12 .
& .
°o .
2 4 ¢ 8 le 12 g r{._::s e 22 294 2 z3 %
| 4]
TVJ-(U Lvd
z4
18| 17227v 17.88vy
6v
121
G
rel —
o " 3 " 3 2 °
2 4 .6 B e e 14 14 t2 2o 2 z-.q. 2'; z'-at-
[1]
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Problem 9.46

d=4mm , f= l100Hz, |kHz, JokHz, 190kHz, |MHz, JomHe,

' -7
tooMHz . | GHe , M= 47X10 "H/m o= 5.8x|o7.s/m
o= i = 2 wmm
z .
! 57 52
Rei= m [4’”‘“’ f = 2.076x16 ¥ f
210 4T x 5Bx 107 '

-5
Rc,: = 2,076 x10 ‘\/f
» -;
L. = Rel 2.076%10 -JF
el = =
4 2w f 27 f
fluzll R[] ) L [H/m]
oo 2.676 x10 % | 3.304x 1687
103 ¢.565x 1074 |1.0452 157
10? 2.076 xi83 | 3.204x16"°
10% 6.565%x103] 1.045x10 B
TS 2.076%x10 % | 3.3048 x1572
197 1’5.565)&16‘1 ‘,045310”
108 2.87% ~no! 32.304 % 16'°
(02 ¢.565x10! l.o45x16'°

3.6l

-6
= 3.304x10

!
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