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(b) At the point SWR: S = 1.64.

(€) Zyis0.350 from the load, which is at 0.144. on the wavelengths to generator
scale. So point Z-IN is at 0.1444 + 0.350L = 0.494A on the WTG scale. At point
Z-IN:

Zin = zinZo = (0.61 — j0.022) x50 Q = (30.5-j1.09) Q.
(d) At the point on the SWR circle opposite Z-IN,

Yip = % = (3‘6—45;1;;"—06) = (32.7+ j1.17) mS.

(e) Traveling from the point Z-LOAD in the direction of the generator (clockwise),
the SWR circle crosses the x. = 0 line first at the point SWR. To travel from Z-LOAD
to SWR one must travel 0.250A —0.144% = 0.106A. (Readings are on the wavelengths
to generator scale.) So the shortest line length would be G.106A.

(f) The voltage max occurs at point SWR. From the previous part, this occurs at
z= —0.106A.

Problem 2.39 A lossless 50-Q transmission line is terminated in a short circuit.
Use the Smith chart to find

(a) the input impedance at a distance 2.3\ from the load,

(b) the distance from the load at which the input admittance is Yip = —j0.04 S.

Solution: Refer to Fig. P2.39.

(@) For a short, zin = 0+ jO. This is point Z-SHORT and is at 0.000A on the WTG
scale. Since a lossless line repeats every A/2, traveling 2.3) toward the generator 18
equivalent to traveling 0.3\ toward the generator. This pointis at A : Z-IN, and

Zio = znZo = (0— j3.08) X 50 Q = — ji154 Q.

(b) The admittance of 2 short is at point ¥-SHORT and is at 0.250A on the WTG
scale:

Vin = YinZo = —jO.04 Sx 50 @ = —j2,

which is point B : ¥ -IN and is at 0.324) on the WTG scale. Therefore, the line length
is 0.324)\ — 0.250A = 0.074A. Any integer half wavelengths farther is also valid.
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Problem 2.40 Use the Smith chari to find yp if 71 = 1.5 j0.7.

Solutiom: Refer to Fig. P2.40. The point Z represents 1.5 — j0.7. The reciprocal of

point Z is at point ¥, which is at 0.55 + j0.26.
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Figure P2.40: Solution of Problem 2.40.

Problem 2.41 A lossless 100-Q transmission line 3A/8 in length is terminated in
an unknown impedance. If the input impedance is Zin = —j2.5£2,

(a) use the Smith chart to find Z; .

(b) What length of open-circuit line conld be used to replace Z; ?

Solutiom: Refer to Fig. P2.41. zin = Zin/Zo = —j2.5 /100 & = 0.0 — j0.025 which
is at point Z-IN and is at 0.0042 on the wavelengths to load scale.

(2) Point Z-LOAD is 0.375) toward the load from the end of the line. Thus, on the
wavelength to load scale, it is at 0.004A + 0.375 = 0.379A.

7L = 2.7 = (0+ j0.95) x 100 Q = j95 Q.
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Figure P2.41: Solution of Problem 2.41.

(b) An open circuit is located at point Z-OPEN, which is at 0.250L on the
wavelength to load scale. Therefore, an open circuited line with Z;;, = — j0.025 must
have a length of 0.250A — 0.004A = 0.246A.

Problem 242 A 75-QIossless line is 0.6A long. If S = 1.8 and 8, = —60°, use the
Smith chart to find [T, Z., and Z;,.

Solutiom: Refer to Fig. P2.42. The SWR circle must pass through S = 1.8 at point
SWR. A circle of this radius has

L

-1

=35

=0.29.

|

191
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Figure P2.42: Solution of Problem 2.42.

The Joad must have 2 reflection coefficient with 8; = —60°. The angle of the reflection
coefficient is read off that scale at the point 8;. The intersection of the circle of
constant || and the line of constant 8; is at the load, point Z-LOAD, which has a
value zy = 1.15 — j0.62. Thus,

7 = 2170 = (1.15— j0.62) X 75 Q = (86.5 — j46.6) Q.

A 0.6) line is equivalent to 2 0.1A line. On the WTG scale, Z-LOAD is at 0.333A,
so Z-IN is at 0.333A <+ 0.100A = 0.433A and has a value

Zm=0.63= 029,
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Therefore Zn = zinZo = (0.63 — j0.29)x 75 @ = (47.0— j21.8) Q.

Problem 2.43 Using a slotied line on a 50-£ air-spaced lossless line, the following
measurements were obtained: S = 1.6, |V|max occurred only at 10 cm and 24 cm from
the load. Use the Smith chart to find Z .

I o —5r e
5

e

Figure P2.43: Solution of Problem 2.43.

Solutiom: Refer to Fig. P2.43. The point SWR denotes the fact that S=ike
This point is also the location of a voltage maximum. From the knowledge of the
Jocations of adjacent maxima we can determine that A, = 2(24 cm — 10 cm) = 28 cm.
Therefore, the load is %—gf&m-l = 0.357) from the first voltage maximum, which is at

0.250 on the WTL scale. Traveling this far on the SWR circle we find point Z-LOAD
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at 0.250A -+ 0.357A — 0.500A = 0.107A on the WTL scale, and here
7 = 0.82— j0.39.

Therefore 7, = 71.20 = (0.82— j0.39) X 50 @ = (41.0— j19.5) Q.

Problem 2.44 At an operating frequency of 5 GHz, a 50-£2 lossless coaxial line
with insulating material having a relative permittivity & = 2.25 is terminated in an
antenna with an impedance Z; = 75 Q. Use the Smith chart to find Zin. The line
length is 30 cm.

Solution: To use the Smith chart the line length must be converted into wavelengths.
Since B = 2x/A and u, = ©/B,

W 2E_ 2y © 3 x 108 m/s .68
B~ © & 225x(5x10°Hz)

Hence, [ = g:gg A = 7.5 Since this is an integral number of half wavelengths,

Zn=7Z =75 8.

Section 2-10: Impedance Matching

Problem 245 A 50-Q lossless line 0.6\ long is terminmated in a load with
Zi = (50 + j25) Q. At 0.3X from the load, a resistor with resistance R =30 Q is
connected zs shown in Fig. 2-43 (P2.45(2)). Use the Smith chart to find Zip.

o ; S
Zin—>  Zp=30KQ 302 Zp=508 | Zo
o : O

b 0.3% e 0.30 o

Z = (50 +j25) Q

Figure P2.45: () Circuit for Problem 2.45.
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Solution: Refer to Fig. P2.45(b). Since the 30-OQ resistor 1s in parallel with the input .

impedance at that point, it is advantageous to convert all quantities to admittances.

Z. _ (50+25)Q )
= = — =] .
ZL Z 500 + j0.5
and 1s located at point Z-LOAD. The corresponding normalized load admittance is

at point ¥-LOAD, which is at 0.394) on the WTG scale. The input admittance of
the load only at the shunt conductor is at 0.394). 4+ 0.3001 — 0.500% = 0.1942 and is

denoted by point A. It has a value of

Wi 1.37+f0.45.
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The shunt conductance has a normalized conductance

50 ¢
=30~

The normalized admittance of the shumt conductance in parallel with the input
admmittance of the load is the sum of their admittances:

YinB = g+ Yina = 1.67 4+ 1.37 4 j0.45=3.04 + j0.45

and is located at point B. On the WTG scale, point B is at 0.242. The input
admittance of the entire circuit is at 0.242) + 0.300A — 0.500A = 0.042A and is
denoted by point Y-IN. The corresponding normalized input impedance is at Z-IN
and has a value of

Zin = 1.9—j1.4.
Thaus,

Zin = z0Z0 = (1.9— j1.4) x 50 Q = (95— j70) Q.

Problem 2.46 A 50-§) lossless line is to be matched to an antenna with
zZp=(75-j20) &

using a shorted stub. Use the Smith chart to determine the stub length and the distance
between the antenna and the stub.

Solution: Refer to Fig. P2.46(a) and Fig. P2.46(b), which represent two different
solutions.

L= % = Egggﬁ =15-j0.4
and is located at point Z-LOAD in both figures. Since it is advantageous to work in
admittance coordinates, v, is plotted as point ¥-LOAD in both figures. ¥-LOAD is at
0.041% on the WTG scale.

For the first solution in Fig. P2.46(a), point Y-LOAD-IN-1 represents the pomt
at which g = 1 on the SWR circle of the load. Y-LOAD-IN-1 is at 0. 145 on the
WTG scale, so the stub should be located at 0.145A — 0.041A = 0.104A from the
load (or some multiple of a half wavelength further). At Y-LOAD-IN-1, b= 0.52,
so 2 stub with an joput admittance of yswp, = 0 — j0.52 is required. This point is
Y.STUB-IN-1 and is at 0.423A on the WTG scale. The short circuit admittance
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Figure P2.46: (a) First solution to Problem 2.46.

is denoted by point Y-SHT, located at 0.250%. Therefore, the short stub must be
0.423% — 0.250\ = 0.173X long (or some multiple of a half wavelength longer).

For the second solution in Fig. P2.46(b), point Y -LOAD-IN-2 represents the point
at which g = 1 on the SWR circle of the load. Y-LOAD-IN-2 is at 0.355A on the
WTG scale, so the stub should be located at 0.355A — 0.041% = 0.314A from the
load (or some muliiple of 2 half wavelength further). At V-LOAD-IN-2, b = —0.52,
so a stub with an input admittance of Yswb = 0+ j0.52 is required. This point is
v.STUB-IN-2 and is at 0.077A on the WIG scale. The short circuit admittance
is denoted by point Y-SHT, located at 0.250A. Therefore, the short stub must be
0.077A — 0.250% + 0.500A = 0.327A long (or some multiple of 2 half wavelength
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Figure P2.46: (b) Second solution to Problem 2.46.
longer).

Problem 2.47 Repeat Problem 2.46 for a load with Z; = (100 + j50) L.
Solution: Refer to Fig. P2.47(2) and Fig. P2.47(b), which represent two different

solutions.
7z 100+j50Q
A= 08
and is located at point Z-LOAD in both figures. Since it is advantageous t0 WOIK in
2dmittance coordinates, yy. is plotted as point Y-LOAD in both figures. Y-LOAD is at

0.463A on the WTG scale.

24 j1
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Figure P2.47: (a) First solution to Problem 2.47.

For the first solution in Fig. P2.47(a), point ¥-LOAD-IN-1 represents the point
at which g = 1 on the SWR circle of the load. Y-LOAD-IN-1 is at 0.162A on the
WTG scale, so the stub should be located at 0.162A — 0.463) + 0.500% = 0.199A
from the load (or some multiple of a half wavelength further). At Y-LOAD-IN-1,
b = 1, so a stub with an input admittance of ysp = 0 — j1 is required. This point
is Y-STUB-IN-1 and is at 0.375)\ on the WTG scale. The short circuit admuitance
is denoted by point ¥-SHT, located at 0.250A. Therefore, the short stub must be
0.375A — 0.250A = 0.125A long (or some multiple of a half wavelength longer).

For the second solution in Fig. P2.47(b), point Y-LOAD-IN-2 represents the pornt
at which g = 1 on the SWR circle of the load. ¥Y-LOAD-IN-2 is at 0.338A on the

b R
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Figure P2.47: (b) Second solution to Problem 2.47.

WTG scale, so the stub should be located at 0.338%— 0.463A + 0.500A = 0.375A
from the load (or some multiple of a half wavelength further). At Y-LOAD-IN-2,
b= —1, so 2 stub with an input admittance of ysmp = 0+ j1is required. This point
is ¥-STUB-IN-2 and is at 0.125A on the WTG scale. The short circuit admitiance
is denoted by point Y-SHT, located at 0.250A. Therefore, the short stub must be
0.125) — 0.250A + 0.500% = 0.375X long (or some multiple of a half wavelength

longer).

Problem 2.48 Use the Smith chart to find Zy, of the feed line shown in Fig. 2-44
(P2.48(2)). All lines are lossless with Zy = 50 .
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Zp=(50-j50) Q2

Figure P2.48: (a) Circuit of Problem 2.43.

Solution: Refer to Fig. P2.48(b).

_Zy _50+j50Q z
31_2'5' 00 =141

and is at point Z-LOAD-1.
Z 50-j50% ;

Zo 508

and is at point Z-LOAD-2. Since at the junction the lines are in parallel, it is
advantageous to solve the problem using admittances. y; is point ¥-LOAD-1, which
is at 0.412) on the WTG scale. y, is point ¥-LOAD-2, which is at 0.088A on the
WTG scale. Traveling 0.300A from ¥-LOAD-1 toward the generator one obtains the
input admittance for the upper feed line, point Y -IN-1, with a value of 1.97 + j 1.02.
Since traveling 0.7002 is equivalent to traveling 0.20CA on any iransmission line,
the input admittance for the lower line feed is found at point Y-IN-2, which has2
value of 1.97 — j1.02. The admittance of the two lines together is the sum of their
admittances: 1.97 + j1.02+ 1.97 — j1.02 = 3.94+ jO and is denoted Y-JUNCT.
0.300A from Y-JUNCT toward the generator is the input admittance of the entire
feed line, point ¥ -IN, from which Z-IN 1s found.

Zi = zinZ0 = (1.65— j1.79) x 50 Q = (82.5 — j89.5) Q.
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Figure P2.48: (b) Solution of Problem 2.48.

Problem 2.49 Repeat Problem 2.48 for the case where all three transmission lines
are A/4 in length.

Sclufion: Since the transmission lines are in parallel, it is advantageous {0 eXpress
loads in terms of admittances. In the upper branch, which is a quarter wave line,

¥ Z
Yim= - l

Yoz
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and similarly for the lower branch,

Y2 I
I L o
G T
Thus, the total load at the junction is
VAR V)

Vier=Yint+thn=

z

Therefore, since the common transmission line is also quarter-wave,

Zin = 22/ Zscr = Z¥ier = Z1 + 22 = (50+ j50) Q4 (50— j50) © = 100 2.

Section 2-11: Tramsients on Transmisst

Problem 2.50 Generate a bounce diagram for the voltage V(z,z) for a 1-m long
lossless line characterized by Zp = 50 Q and u, = 2¢/3 (where ¢ is the velocity of
light) if the line is fed by a step voltage applied at 1 =0 by a generator circuit with
Ve = 60 V and Ry = 100 Q. The line is terminated in 2 load Zy, = 25 L. Use the
bounce diagram to plot V(¢) at a point midway along the length of the line from 7 = Y
ot =25ms.

Solution:
& _ Ry—2Zp 100-50 _ 50 1
8T Re+2Zp 100+50 150 37
- :.ZL—ZO :25—50 _ =25 =:l
L=Z.+Z 25+50 75 ~ 3°
From Eq. (2.124b),
Vi = VoZo _ 60 x 50 o0y
Re+Zy 100+50
Also,
! 3
T= ! = 5ns.

% 2¢/3 2x3x108

The bounce diagram is shown in Fig. P2.50(a) and the plot of V(z) in Fig. P2.50(b).
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Figure P2.50: (a) Bounce diagram for Problem 2.50.

V(0.5 m, 1)
4

L A

20V 1

: s} : . = ¢ (ns)
] 10 15 20 25

Figure P2.50: (b) Time response of voltage.
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Problem 2.51 Repeat Problem 2.50 for the current [ on the line.

Solution:

5 e Re—Zy 100-50 _ 1

&~ Rg+Zo 100+50 3’

. _Z-Zy _25-50 -1

L=Z+2 25+50 3
From Eq. (2.124a),

VC
IF £ 0.4 A.

= Re+Z 100450
The bounce diagram is shown in Fig. P2.51(a) and I(r) in Fig. P2.51(b).

=T g Current I":-TL=l
’ 3 z=05m =
720 — 7=34
I'=04A
1
: : - 5ns
0.133 A_-
1
10 ns- ' +
} -0.044 A
+ : . 15 ns
-0.015 A,
20 ns- : -
': 5%x107 A
3 ; - 25 ns
L 3 ‘}'
3 z

Figure P2.51: (a) Bounce diagram for Problem 2.51.
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Figure P2.51: (b) Time response of current.

Problem 2.52 In response to a step voltage, the voltage waveform shown in Fig.
2-45 (P2.52) was observed at the sending end of a lossless transmission line with
Ry =500, Zy=50 Q, and g, = 2.25. Determine (2) the generaior voltage, (b) the
length of the line, and (c) the load impedance.

V(0,1
¥y

SN

; ol

0 ops

Figure P2.52: Observed voltage at sending end.

Solution:
(2) From the figure, V;" = 5 V. Applying Eqg. (2.124b),

_ Vel _ Vel _ Ve
T Re+2Zo ZotZo 27

which gives Vy = 2V]” = 10 V.

vy
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3 x 10
€ _ 22XV _ 2% 10® m/s. The first change in the waveform occurs
V& V225

A,  6x107°

== x 2 x 10% = 600 m.
hange in level from 5 V down to 3 V means that V| = ~2V. But
v -2
Vo =TV, N =-L =—=-04.
1 =0 OFLTEYFTS

1+To 1-04
L= —=)= = 21.43 Q.
L Z"(l—r,,) 50(1_1_0'4) 1.43Q

2.3 In response o a step voltage, the voliage waveform shown in Fig.
53) was observed at the sending end of a shorted line with Zp = 50 Q and
termine V,, Ry, and the line length.

V{0, ©)

12V

a2
' . 075V

§ == Z

0 7us 14 ps

Figure P2.53: Observed voltage at sending end.

c 3x108 g
Up= —= = =1.5x10° m/s,
¥ \/’E_r \/Z
21 21
7 =7 S - — = N
m=TEs T5x 10°

Ll -— 525 m,

q
#
i
5

R
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From the voltage waveform, V;" = 12 V. Atz = 7us, the voltage at the sending end
is

V(z=0,t=Tus) =V + TLV;H + TIL V= TVt (because I = —1).

Hence, 3 V= ~Tg x 12V, 0or Iy = —0.25. From Eq. (2.128),

Rg=zo(1“'rg) ..—;50(1_0'25) =30Q.

1-T, 1+0.25
Also,
VoZo Ve x 50
VE = g = g
U= Rtz F 2T 30+50°

which gives V; = 19.2'V.

Problem 2.54 Suppose the voltage waveform shown in Fig. 2-45 was observed at
the sending end of a 50-Q transmission line in response o a step voltage introduced
by a generator with V; = 15 V and an unknown series resistance Kg. The lineis 1 km
in length, its velocity of propagation is 1 X 10% m/s, and it is terminated in 2 load
Zy. =100 0.
(2) Determine R,.
(b) Explain why the drop in level of V(0,7) at z = 6 ps cannot be due t0 reflection
from the load.
(¢) Determine the shunt resistance Ry and the location of the fault responsible for
the observed waveform.

Solution:

N0, 5
A

5V

3V

0 6 s

Y
™~

Figure P2.54: Observed voltage at sending end.
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V= VgZO :
' T R+ 7o

2-45, Vi =5 V. Hence,

_15x50
T Rg+50’

; Rg =100 Q.
dtrip time delay of pulse return from the load is

21 2x10°

= =2
lp 1x 108 08

2T =

ch longer than 6 us, the instance at which V(0,2) drops in level.
5. The new level of 3 V is equal to V;" plus V™ due to shunt resistance:

Vir+Vy = 54+5T=3 (V),
2 = —0.4. But

_Re—2Z - 04

T —— =
Re+Zo

Ry =21.430.

5 A generator circuit with Vg =200V and Ry = 25 Q was used 10

-0 lossless line with 2 rectangular pulse of duration T = 0.4 us. The line
g, its up = 2 x 108 m/s, and it is terminated in a load Zy = 125 Q2.

ynthesize the voltage pulse exciting the line 2s the sum of two step functions,

{r) and Vg,(1).
voltage step function, generate a bounce diagram for the voltage on

bounce diagrams to plot the total voltage at the sending end of the line.
length = 0.4 us.

Ve(2) = Vg (2) + Ve, (2),

V() = 200U(z) (V)
V, (2) = —200U(t=0.4 ) (V).
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CHAPTER 2
250 =0
+
gg(w@ Z=75Q 21250
) > X e O.__,_

Figure P2.55: (2) Circuit for Problem 2.55.

LV

Ve @
200 V==

Figure P2.55: (b) Solution of part (a).

(®)
1 200

_E;=2x_103 =

We will divide the problem into two parts, one for Vg (z) and another for Vg, () and
then we will use superposition to determine the solution for the sum. The solution
for Vg, (t) will mimic the solution for Vg (1), except for a reversal in sign and a delay
by 0.4 us.

For Vg, () = 200U (¢):

Re—Zp _25-75 _ ..

Re+Zo  25+75°
Z—-Zy 125-75

= — =0.25
ZL+2Zy 125475

Ig=

I

7
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V 200 x 75
Vl+ — IZO = 00 =150 V,
RBiZn 25+
V. 200 x 125
V= eZL = = 166.67 V.
Re+7Z. 25+125
() V1(0,7) at sending end due to V;, (2):
Vg (2)

1 & - _ 1
I':I'g=-—2- 1"-—1";_-.2
= z=200m

=0
¢ vV, =150V
' 1 us
37.5V
ZHs I 1875V '
o 3 p.s
-4.69V
sy 234V T
T 0.56V S ks
6 4
s 028V
v v
: I

Figure P2.55: (¢) Bounce diagram for voltage in reaction to Vg, (7).
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(ii) ¥»{0,7) at sending end due to Vg, (7):

R 1
F=lg=-3 e
z=0 z=200m
=l V=150V
- - 1.4 ps
37.5V
Sy 18.75V T
-+ - 3.4 us
4.69V
44 ps 234V T
1 -0.56V [S4ps
St s 0.28V
v \
5 7

Figure P2.55: (d) Rounce diagram for voltage in reaction to Ve, (2)-
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(®)
(i) V1(0,1) at sendiag end due to Vg, (7):

73

V,(0.2)
&
168.75 166.41 16758 166.67
150V
} : ; = [ (ULS)
2 4 6
Figure P2.55: (e) V1(0,¢)-
(i1) ¥»(0,7) at sending end:
¥,(0,17)
A
04 2.4 4.4 6.4
+ : + e= 1 (l1s)
-150V
-168.75 -166.41 -167.58 - -166.67

Figure P2.55: (f) V2(0,2).
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(iii) Net voltage V(0,2) = V1(0,1) + V2(0,2):

T ————

V(0,1)
£
150V
15
18.75
|—i 4 44 0.28 s
| - R — = I (S
0.4 2 24 L 6 64

Figure P2.55: (g) Net voltage V(0,1).

Problem 2.56 For the circuit of Problem 2.55, generate a bounce diagram for the
current and plot its time history at the middle of the line.

Solution: Using the values for Iy and I'L calculated in Problem 2.55, we reverse
their signs when using them to construct a bounce diagram for the current.

vy 150
ol = A
¢ Zo 75 =5

Vit —150

-_— = =_2 A
I?-'l- Zy 75 :
V.

== =133A.
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I (2}
rz-rg=-;- ' F=Tp=-%
z=0 z=200m
=0
2A
- L 1 ;J.S
-0.54
2is- 0.25A T
- -3 !.[.S
62.5mA
4us 1 31.25mA T
T -7.79mA. -5 s
6 1us 4 3.90mA
W W

Figure P2.56: (2) Bounce diagram for I1(¢) in reaction to Vg, ().
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1, (@

1
r:.rgz-i ] =_I—L:-—E
z=0 z=200m
t=04us
-2A
. 1.4 ps
0.5A
2415 0.25A 1
-+ - 3.4 s
-62.5mA
A -31.25mA
T 7.79mA. - 3.4 us
Ga s 3.90mA
v Y
4 r

Figure P2.56: (b) Bounce diagram for current /»(t) in reaction to Vg, ().
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@ I1(1/2,1) due to Vg, (1):

L2 1.25 1.3125 1.3333

0.5

: ’ ! o= 1 (UUS)
1.5 2.5 35

Figure P2.56: (¢) I;(1/2,t).

(i) h(1/2,t) due to V, (¢):

1,(100, 1)

09 1.9 29 39
: 1 : o 1 (Us)

15 -1.25 -1.3125  -1.3333
-2A

Figure P2.56: (d) »(1/2,1).

i

R

i T N
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N

:
1
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(Giii) Net current 7(1/2,2) = I{1/2,8) + B(1/2,1):

CHAPTER 2

e 1 (1s)

I(0,1)
&
2A
15 19 25 95 0625
1 i _‘i !
05 09 L 05 05
-025
.05

Figure P2.56: (e) Total I{1/2,1).




