CHAPTER 11 PROBLEMS and SCLUTI ONS

Probl en{11.1). A strip-line is constructed froma netal strip 1 mm
wide (W 1 nmm) separated froma ground plane by an oxide | ayer
whose thickness, D, is 20 mm The relative dielectric constant
of the oxide layer is = 8.00, and its relative perneability is
m= 1. 00.

(a) What is the velocity of an el ectromagnetic wave on this |ine?

(b) What is the characteristic inpedance of the strip-1line?

(c) Apulse onthe lineis 10 neters long and corresponds to a
constant potential difference of 10 Volts. How much energy is

stored in the pul se?

Answer (11.1).
2 2
(a) v2= e =3

1 _c
em g 8

v= 1. 06x108 m sec.

(b) Inthe dielectric material one finds curl E= iwnp Hfor a

. . -1 wt
wave having a tinme dependence € . Therefore

TEx _
and
Ex = gﬁgbgry where kv= w.
Ex _ _
Thus Fg = vy = 133. 2 Chns.
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In the strip line the potential is V= ExD, and the current is

given by I= W4,. It follows that the characteristic inpedance is
gi ven by

_V _ ED_ % _
Z0 = = pw= Gy 133:2) = 2.66 ohms.

(c) The electric field in the insulator is Ex= % , SO

E, = 10

= W = 5X105 Vol ts/ m

- B _ 3
Hy = 133 5 = 3.754x10° Amps/m

The energy density stored in the electric field is given by

eE2
2

W = = %; ebEi = 4€bE§ Joul es/ n¥.

The energy density stored in the magnetic field is given by
My
W = n;? = :;§ Joul es/ n?.

Ex _ ¢ _ V8
But H, NE M or H cmy Ex

so that W= 4eoE>2( Joul es/ nP.

The total energy density is W W + W = 8ebE§.

So W (8)(8.84x10-12) (25x1010) = 17.86 Joul es/ nd



The vol une which contains this energy density is given by

Vol . = (10) (10-3) (20x10-6) = 2x10-7 n3.

The total energy stored in the pulse is 3.54x10-6 Joul es.

Probl en(11.2). The space between the conductors in a co-axial cable is
filled with pol yethyl ene which has a relative dielectric
constant &= 2.25. The characteristic inpedance of the cable is
50 Chns. A 10 neter length of cable is used to connect a pul se
generator to a load of R Chns. The incident pul se anplitude is
Vo.

(a) What is the anmplitude of the reflected pulse if the cable is
termnated by 50 Chns?

(b) What is the anmplitude of the reflected pulse if the cable is
termnated by zero Chns?

(c) What is the anplitude of the reflected pulse if the cable is
termnated by an open circuit?

(d) What is the amplitude of the reflected pulse if the cable is
termnated by 100 Chns?

(e) What is the inductance per neter of cable?

(f) What is the capacitance per neter of cable?

Answer (11.2). The velocity of a pulse on the cable is v:\/c_ = 23C =
&
2.0x108 msec, and the characteristic inpedance is Zp= 50 Chns.

VR _r-1 R

The reflection coefficient is given by Vo - r+l where r= Zo

(a) R= 50 Chns, therefore r=1 and Vg= 0.



(b) R= 0 Chns, therefore r= 0 and VR= - \p.
(c) R= ¥ Ohns, therefore r= ¥ and V= +\.

(d) R= 100 Chns, therefore r= 2 and &F; :% :
(e) v2= &: and Zg= VL/C so that
L/C = 2500 and LC = R S
4x1016 -
2500 1
2 = - =
Consequently, L4 = Ax 1016 and L= a uHenry/ m
C = = - 100 pF/' m
= 2500 P

Probl en{11. 3).
A typical co-axial cable has a characteristic inpedance of 50

Chns (Zo = 50 Chns).  The dielectric material can be regarded

as lossless and ¢ = 2.25. The cable is connected to a 50 Chm

pul se generator and is termnated by a resistance R Chns (see

the figure).
T--———————-4o n -
o )
- A
50 Ohne R
o) N
N\ A\
B
Cener at or
An oscill oscope is connected across AB: its inpedance is

effectively infinite so that it does not disturb the
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propagation of pulses on the line. The distance between AB

and the end of the line is 40 meters. The generator emts a

rectangul ar pul se whose anplitude is 5 Volts and whose | ength

intime is 107 seconds.

(a) What is the velocity of pulses on this cable?

(b) Let R= 0. Mke a sketch of the signal measured using
t he oscill oscope across AB.

(c) Let R= 0. Mke a sketch of the signal measured using
the oscill oscope connected across the resistor, R

(d) Let R= 50 Chnms. Make a sketch of the signal neasured
across AB.

(e) Let R= 50 Chns. Make a sketch of the signal neasured
across the resistor, R

(f) Let R® ¥ (an open circuit). Mke a sketch of the
si gnal neasured across AB.

(g) Let R® ¥. Mke a sketch of the signal neasured across

t he open end of the cable.

Answer (11. 3) .

(a) For this cable & = n2 = 9/4 therefore n = 3/2.

The velocity of propagation v = € -2 x 108 nisec.

5

(b) Shorted Cable. At AB one sees the original pulse

followed by the reflected pul se after a tine delay of
80/v = 4 x 10-7 seconds (40 mout and 40 m back). The

reflected pul se is inverted.



(c)

(d)

+5 Vol t <
 _
time
-7 -5 Vol t ¢
- 4x1
Secs

The reflected pulse is absorbed in the generator because
t he generator inpedance is Zy, = 50 Chns.

Shorted Cable. Nothing will be seen across the short at

the end of the cable (R = 0).
Cable term nated by Zy, = 50 Chns.
One will measure only the initial pulse. There is no

refl ected pul se.

Vi
+5 Vol t <

SEeCsS




(e) Cable term nated by 50 Chns. The voltage across the 50
Chns will just look like the incident pul se but del ayed

by 40/v = 2 x 10-7 secs.

(f) OQpen circuit. At AB one will see the original pulse
followed 80/ (2 x 108) = 4 x 10-7 secs. later by a simlar

pul se. The reflected pulse will then be absorbed in the

gener ator.
A7
+5 Vol t <
|
tine
< Ax 12
SecCs

This is a standard techni que for generating a del ayed pul se.

(g) At the open end of the cable one will measure a single
pul se whose anplitude is twice that of the origina
pul se. (One neasures Vo + VR). There will be a tine

delay of 2 x 10-7 secs.

Probl en(11.4). A certain co-axial cable is characterized by a velocity

of v= 2.00x108 neters/sec., and it has a characteristic
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i npedance of 50 Chns. The cable is termnated by a capacitor C=

100 pF. A 10 Meter |ong rectangul ar pul se whose anplitude is 5
Volts is launched al ong the cable. Make a sketch of the
reflected pulse. Carefully indicate the voltage and tine scal es;
let the reflected pul se reach the observer at t=0. Wiat is the

maxi mum voltage in the reflected pul se?

Answer (11.4). A 10 mpul se has a tinme duration of 5x10-8seconds. The
time constant associated with the capacitor is CZp= 5x10-°
secs., therefore the capacitor will becone fully charged during
the tine that the pulse is applied to it.

(i) Initially the capacitor behaves |ike a short circuit; the
reflected pulse will have an anplitude of -5 Volts. This
anpl i tude decays to +5 Volts as the capacitor becones fully
charged and | ooks |ike an open circuit. Note that when fully
charged the potential across the capacitor is Vp+Vr= 10 Vol ts.
(ii) At the end of the incident pulse the capacitor, which has
been charged to +10 Volts, deposits its charge back into the
line at a rate determned by C and the characteristic inpedance,

Z0.



+10 V-

+5 V|-

I '
50 nsec tine

-5 vL

Probl en(11.5). A certain co-axial cable is characterized by a velocity
of V= 2.00x108 neters/sec., and it has a characteristic
i npedance of 50 Chns. The cable is termnated by an inductor L=
0.25 mH. A 10 Meter long rectangul ar pul se whose anplitude is 5
Volts is launched al ong the cable. Make a sketch of the
reflected pulse. Carefully indicate the voltage and tine scal es;
let the reflected pul se reach the observer at t=0. Wiat is the

maxi mum vol tage in the reflected pul se?

Answer (11.5). The tine duration of the pulse is 5x10-8 secs.= 50
nsecs., whereas the tinme constant associated with the inductor

is t= ;b = 0.5x10-8 secs.= 5 nsecs; thus the inductor wll

beconme fully charged with magnetic energy during the course of

t he pul se.
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(i) At t=0 the inductor |ooks |ike an open circuit because it

resists a change in the current flowi ng through it. The
reflected pulse will therefore have an anplitude of +5 Volts,
equal to the anplitude of the incident pulse. The reflected
anplitude will decay with a tine constant t= L/Zg as the current
t hrough the inductor reaches a steady state val ue. Wen the
current has become constant, the inductor |ooks |ike a short
circuit and the reflected pulse anplitude is -5 Volts.

(ii) The steady state value of the current through the inductor

is just twice the current in the incident pulse, i.e. Ig= %z?

Anps, corresponding to a short circuit. Upon term nation of the

pul se, this current collapses to give an initial voltage

_,dr_ L @Vl _
V—Ldt— tlo— ZO%B_ 2\).
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+5 V-

?0 nsec

time

-5 VL

-10 VL

Probl en(11.6). A certain co-axial cable is characterized by a velocity
of V= 2.00x108 neters/sec., and it has a characteristic
i npedance of 50 Chns. A piece of this cable 21 mlong is used to
connect a 250 MHz oscillator to a | oad i npedance Z,.
(a) What | oad inpedance will be presented to the generator if Z_
is a 50 Ohmresistor?
(b) What | oad inpedance will be presented to the generator if Z_
is a 1.00 nH inductor?
(c) What | oad inpedance will be presented to the generator if Z_

is a 100 pF capacitor?



12
(d) What inpedance will be presented to the generator in the

above three cases if the co-axial cable has a | ength of 20.0

neters?

Answer (11.6). At 250 Mz and for v= 2.00x108 nisec. the wavel ength on

. . 2x108 4
the cable is | = 2 5x108 ~ 5 met ers.

(a) Termnated by the characteristic inpedance. The generator

| ooks into 50 Chns.

(b) At 250 MHz. the inpedance of a 1.0 nH i nductor is given by
Zi= iLw = 1571i Ohns, since w= 1.57x109 radi ans/ sec.

2L _ .
Z0 - i 31.42.

. . 4p(21 .
20kl =i —E%——l =105 1ip

whi ch is equivalent to a phase shift of p. Since the inpedance

seen by the generator is

wher e
b _ a&-19 ;2ikl
a +1g :
and
_ 2L
z = Zo

. b 1-1i31.42 _ .
one finds a —m = -0.998 - i0.0636 .



13
Zc _ 1 + bla _

To—m—'l 0.0319,

or Zg= -1.59i Chns. The | oad appears to the generator |ike a

capacitor with C= 400 pF!

(c) The load inpedance is a 100 pF capacitor.

For the capacitorZc = ow - -i 6.366 Chns.
_ 4 .
z —ZO—-|O.1273
As before éZIklz-l so t hat
b/a = 222 = 0.9681 + i0.2505
1ty . . .

Zg _ 1 + bla

To—m=l7.855,

from whi ch ZG = i392.8 Ohns.

The | oad appears to the generator |ike a 0.25 nmH i nductor.

(d) A 20 mcable contains an integer nunber of wavel engths,
therefore the generator will look into the | oad i npedance

exactly as if the cable had zero | ength.

(a) Zg = 50 Ohns.
(b) Zg = 11571 Chns (I nductive).
(c) Zg = -i16.37 Chns.

Probl en(11. 7).



A co-axial cable is characterized by a characteristic

i npedance of Zo = 50 Chns and a velocity of propagation of
2 x 108 misec. It is used to connect a 10 Chmload to a
generator. Calculate the inpedance as seen fromthe

generator for a cable having the follow ng | engths, L:

(a) L =1/8
(b) L =1/4
(c) L =3l/8
(dy L =1/2

(e) Calculate the Voltage Standing Wave Ratio, VSWR

Answer (11. 7).

For a load of Z = 10 one has a normalized inpedance
_ 10
zL = 55 = 0.20
_zL -1 0.80_ 2 _2 _ip
A TR 1.2 -~ 37 3¢
I -2i -1 4pL/ 1 - .
(a) L=y \ e 2ikb - glatll o g -ipi2 o

3
\ 1 +Ge2kk 1 4+2(/3 _ 3+ 2

ZG = | Ge2klL T 1-2i/373- 2i
(3 +2i)(3 + 2i)

_ 9 + 4
\ zg= >+ 120 - g 385 + 0.923i
13
\ Zg = 50 zg = 19.23 + 46. 15i Ohirs
i.e. a large inductive conponent
(b) L=1/4 e—ZikL = e-i4pL/| = e-ip = -1

\ Ge2ikk = 2/3 (real)

14



(c)

(d)

(e)

15
1+2/3 _5/3 _

\Z6F1 37 y3 "0
\ Zg = 250 Chns  (purely real and relatively large!).
3l . , . _
L:@ e-2ikL = @-idpL/l = @ip/2 = 4+ j
\ Ge-2ikL = -%
_1-2i/3 _3-2i _(3-2i)(3-2i) _5- 12i
6= 1 +2i/373+2 9 + 4 - 13

\ Zg = 19.23 - 46.15i Chns

i.e. there is a |arge capacitive conponent.

L =5 e-2iklL = @-idpl/l = @e-i2p = 41
\ Ge2k = G = -2/3

=1333 - 4 = 0o

\ Zc = 10 Chns.

i.e. The generator |ooks directly into the | oad.

The standing wave ratio is given by

_1+]9 _ 1+2/3 _
VW=7 = 1-23 = °

In a slotted line there would be no change in the
position of |Vpyin| when the | oad was exchanged for a

short.



Probl en( 1

G ven a co-axi al
m sec.

connect a |oad i npedance Z_ to the generator:

16
1.8).
cable for which Zo = 50 Chns and v = 2 x 108
A piece of this cable of length L neters is used to

Z. = (10 + 20i)

Chns.
Cal cul at? t he i npedance seen by the generator for
(a) L =15
3l
(b) L =16
_ 5l
(c) L_|16
(d) L =5
(e) Calculate the Voltage Standing Wave Ratio, VSWR
Answer (11. 8) .
Z = (10 + 20i) Chns
_ 1+ 2
zL = ( 5 )
G:zL-1_1+2i-5_-4+2| -2 + i
zZL+1 1+2i +5° 6 + 2i 3+
\ G:(-2+i)(3- i) _ -5+50 _(-1+1i)
9 + 1 10 2
1 .
\ G= — e3pi/4
\2
Now e-2i kL = i 4pL/l \ (a) %:% e-2ikL = g-pild
(b) [ = 1% e-2ikL = g 3pi/4
(¢) [ = 1% e-2ikL = g 5pi/4
(d)%:% o2kl = @ 2pi o 4 1
So
. 1 . i
a Ge2ikL = — gip/2 = —_
(a) 7 NF
: _ 1+ Ge2ikk 1+ /2 _ W2 +i
CT 1. Ge2ikb T 1. /2 V2 - i
(W2 +Hi)(W2Z+i) 1+ 22
\ Zg = 3 = 3



\ Zg =50 zg = (16.67 + 47.14 i) Chns.

(b) G e 2ikL = J% (purely real)
1+ 1/4/2
\ =———"— =583
TV
\ Zg = (5.83)(50) = 291.4 Chns (Purely real!).
() Ge2kl = L gip2 = _
V2 V2
_1-i/N2 N2 -

Z = =
CT 1w iVZ N2+
(The reciprocal of case (a))
\ g = 1':;2V§ , and Zg = (16.67 - 47.14 i) Ohns,

and now t he generator | oad has a capacitive conponent.

. 1+6G
(d) Ge2kl =G ZG:ﬁ; ° zL
\ Zg° ZL = (10 + 20i) Ohns.
1+ |d 1+ 1/+/2
e VSWR = = = 5. 83.
(¢) 1- 101G T 1. 12

Probl en(11.9).
A 50 Chm pi ece of co-axial cable of length L neters is used
to connect a load to a generator. The |oad inpedance is
gi ven by

ZL = (10 + 100 i) Chns
Cal cul ate the inpedance seen by the generator for
(a) L/l = 0.0732
(b) L/I

0. 250
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0. 3232

(c) L/I
0. 5000

(d) L/
(e) Calculate the Voltage Standi ng Wave Ratio, VSWR

Answer (11.9).
_1 .1 + 10i
ZL = g + 21 = 15
_Z|_'1_'4/5+2i_'2+5i_ 0.921i
V G= 17 6/5+2 T 3+5 - 0.924em 50,
(a) e-2ikL = -0.92i \ Ge-2ikL = 0.923 purely real
_ 1+ Ge?2kh 1 + 9235 +i 0.00095 _ :
\ 26 = G2kl - 1 - .9235 -i0.00095 - (25-16 -
0. 34) Ohns.
Zc = (1257.8 + i 16.9) Ohns. Al nost resistive!
- - - 2 - 5i
-2ikL = @-ip = - -2ikL = .
(b) e-2i = elp=-1 \' Ge“l 3 + 5

= -0.559 - 0.735i

(1 - 0.559) - 0.735i _ (.441 - .735i)(1.559 - .735i)

V26 = (1559 + 0.7351] 2.971
\ zg = 0'143 571'47' and Zg = 2.48 - 24.75i Chns

Capaci ti ve Loadi ng.

(c) % = 0.3232 e-2ikL = @i 4pL/l = g 4.06/i

\ Ge-2ikL = (0.923 e-3.141i = (0,923 e-iP = -0.923 (real)

\ 1 - .9235 - i0.00099
ZG = 1 + .9235 + i 0.00099

and Zg = (1.987 - i 0.027) Ohns.

A small, nearly purely real, |oad.
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(d) When L/I = % one gets the sane effect as connecting the

| oad directly across the generator.

\ Zg =2 = (10 + 100i) Chns.

(e) VSWR =

1+]GF _ 1+ .923 _
1 | q - l - - 25- 16-

- . 923

Probl en(11.10). A certain co-axial cable is characterized by a
velocity of V= 2.00x108 neters/sec., and it has a characteristic
i npedance of 50 Chns. The attenuation parameter for the cable is
a= 0.02 per neter. A piece of this cable 21 mlong is used to
connect a 250 MHz oscillator to a | oad consisting of 100 pF
shunted by a resistance of 5.0 Chns. Calculate the | oad on the
gener at or .

Answer (11. 10). The inpedance of the capacitor is & :‘éb = -i 6.366

Chns. The | oad i npedance is Zc in parallel with a 5 Cm

resi stor;
1

_1 1
z. -5 " Z¢

-

- . P
= 0.20 + 1 20 °

so that Z = 3.092 -i 2.429 Chns, and

zZ= %; = 0.0618 - i 0.0486 = 0.0786|-38. 15°
1 +!%§al éﬂkl
W have zZ = 4 = a
Z0 b2al 2ikl
1-56 e
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wher e e2I Kl = -1 and where eZaI: 621('04): 2. 316.
Let G=2-1 = (-0.880 - i 0.086
e =241 - (-0. - i 0. )
and

b/a = Gexp(-2al - 2ikl)= (0.380 + i 0.037)

The i npedance seen by the generator is %(C; = ifitb);: .
Z .
Zg = (2.213 +i 0.192) ,

therefore Zc = (110.7 + 1 9.62) Ohns.

This can be conpared with an i npedance Zg = 500 + i 393 Chns for
the sane length of |ossless cable. Inthe limt of a very |ong
cabl e the i npedance seen by the generator nust, of course,

approach the characteristic inpedance of 50 Chns.
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Probl en{11. 11).

A slotted line is termnated by a | oad i npedance

Z. = (10 + 10i) Ohns. The characteristic inpedance is Zy = 50
Chns.  The position of the voltage mnimumis found to be at
z1. The load is then replaced by a short and the voltage

mnimumis found to be at zs.

(a) How large is the shift LZl—f—E;l ?

Is this shift positive (i.e. z7 > zp) corresponding to the
shorted line mnimumcl oser to the generator, or is it
negative (i.e. zp > z1) corresponding to the shorted |line
m ni num cl oser to the | oad?

(b) Cal culate the Voltage Standing Wave Ratio, VSR

Answer (11. 11).

(a) Zo = 50 Ohns Z = (10 + 10i) Cnhns
\ z|_:§'6:0.2(1+i)
G = ZL -1 _-0.8+0.2i _ -0.92 + 0.40i
Tz 417 1.2+0.2F 0 (1.2)2 + 0.04
= - 0.622 + 0.27i
\ G= 0.678e2. 731i = 0.678 ei(0.869)p.

VW have at a vol tage m ni num
4
cos [TXL - z1) - d =-1
4
\ TE(L - 21) - .87p =p

_1.87l
=4

\' L- z1 = .468 |
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z=L
|<—O. 468 4>|

shift
M ni mum wi th short

(L-25) =1/2

So upon shorting the line, the mninum noves 0.0327

t owar ds the generator.

(b) VSWR =

141G _
1- 13

Probl en(11. 12).
A slotted line is termnated by a | oad i npedance
Z_ = (10 - 10i) Onhns. The characteristic inpedance of the
slotted line is 50 Chns. The voltage mnimumis found to be
at z;1 on the line. Wen the load is replaced by a short the

vol tage m ni num noves to z».

(a) Calculate the shift Lzl—f—zzl. Wien the line is shorted

does the mninum nove towards the generator or towards

the | oad?

(b) Calculate the Voltage Standing Wve Ratio, VSWR

Answer (11. 12).
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(a) ZL = 10(1 - i) Chns
Z _ 1 i _
Zo 5574
Go2ZL-1_-4/5-i/5_-4-i _-23- 10i
“zL+1~ 6/5-i/l5 T 6-1i ~ 37
\ G=- 0.622 - 0.27i = 0.678 eil 13p.

g = 203.5° = 1.131p radi ans.

M ni mum when cos[2k(L-z) - q = -1

or %E (L-2) - 1.13p =p
\ L -z =0.5331
Load M ni nur Load M ni nur
*l <— 0. 033 -»l <-0. 033
- 0. 5l .
Zo= L-1/2 L
Short M ni mur Short M ni nur

When the load is replaced by a short, the m ni nrum noves

.0327 | towards the | oad.

+]1§ _ 1.678 _
1§ T 1- .678 "

(b) VSYR = ] 5. 21

The sanme VSWR as for the inpedance of problem (9.11).
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Probl en{11. 13).

The Vol tage Standing Wave Ratio is found to be S =2.0 on a
| ossl ess 300 Chmtransm ssion |ine term nated by an unknown
| oad i npedance, Z;. The nearest voltage mninumis %% from
the load i.e. z7 = (L - 0.3l).
(a) Wien the above line is shorted where will the voltage
m ni mum be | ocated which is nearest the |oad, but not
right at the | oad?
(b) Calculate the real and imaginary parts of the unknown

| oad i npedance, Z.

Answer (11. 13).

(a) Wien the load is replaced by a short the mninumw ||l be
| ocat ed érfron1the short.

(b)S=VSV\R=2.O=HC§|

\ |g =1/3 G=|GF e
M ni mum at zq where

cos [2k(L-z) - q = -1
k = %9 and %E(L - 21 - g=p
Sop+a=(PCy =12p

\ g=0.2p

1 .
- = a0.2
So G 3 el. 2pi

I =0.270 + .196

z 1 +G
But z = zi =1-. 6

\ zL = 1.555 + .685
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\ Z_ = (z.)(300) = 466.5 + 205.6i Ohns.

Probl en(11.14). A slotted line is characterized by a velocity V=
3.00x108 msec, and by a characteristic inpedance of 50 Chms.
The slotted line is connected to an oscillator on one end and to
an unknown | oad on the other end. The vol tage standi ng wave
ratio is found to be VWABR= 2. 0. Moreover, when the load is
repl aced by a short circuit the position of the voltage m ni num
shifts 5 cmtowards the |oad. The position of the first mninmm
fromthe shorted end occurs 40.0 cmfromthe short. Calcul ate

t he i npedance of the | oad.

Answer (11. 14). The voltage mninumon a shorted |line occurs at a
distance |1/2 fromthe short; therefore for this problemthe
generator frequency corresponds to a wavel ength of |= 80 cnr
0.80 neters. The velocity on the slotted line is c= 3x108 ni sec,
so that the frequency is f= c/l= 375 MHz. The correspondi ng
circular frequency is w= 2pf = 2.356x10° radi ans/sec. The wave-
vector on the line is k= 2p/l = 7.854 m1,

Let the load be at z=L, with the generator sonmewhere to the |eft

(at z=0). For a tinme dependence é

V= ag' ke pdk

and
7ol = a6 % . pdkZ
-1 kL i kKL

At z=L V = ae + be
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and
Zol L
Thus
4_1+(b/a)e2”‘L_1+c;eiOI
20 1 (a1 . &9
wher e _ _
B - (R

One can wite

V(z) = ae—lkz (1 . cad eZI k(z-L)) ;
clearly | Vmax| = |a|( 1+ Ga,
wher eas | Vhinl = |a|( 1 - Ga,

| Vivax| 1+6G
| Vimi n| 1- G~

I
[
N
o

so t hat

Therefore G= 1/3. Wth the | oad connected the m ni rum occurs at

21, At the nininum é(2K(ZD*a_

1,

or 2k(z1-L) + g = #p.

Wien the line is shorted the m ninumoccurs 40 cmfromthe | oad.
Wth the load in place the mnimnumshifts 5 cmtowards the
generator. That nmeans that z; is such that L-z;= 45 cm=

0.5625] . Thus
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qg=#p + 2k(L-2z31),

or g = xp + 7.0686. The appropriate value is less than 2p so

that g = 3.9270 radi ans.

3. 927i
e

3. 927i
e

1 +
= 0.562 - i 0.298

Wi o4

and the | oad inpedance is Z = 28.08 - i14.89 Chns. This is

equivalent to a resistance of 28.08 Chns in series with a

28.5x10-12 Farad capacitor.



