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Problem 2.27 At an operating frequency of 300 MHz, a lossless(b@ir-spaced
transmission line 2.5 min length is terminated with an imped@nce (40+ j20) Q.
Find the input impedance.

Solution: Given a lossless transmission liry,= 50Q, f =300 MHz, | =2.5m,
andZ_. = (40+j20) Q. Since the line is air filledy, = ¢ and therefore, from
Eq. (2.48),
W 21mrx 300x 108
B= Up 3x 108

Since the line is lossless, Eq. (2.79) is valid:

= 2mrrad/m

Z. — 7, (ZL + jZotanBI) B [(40+ j20) + j50tan(2rrrad/mx 2.5 m)
in — -

Zy+ jZ, tanpl 50+ j(40+ j20)tan(2mrrad/mx 2.5 m)
= 50[(40+ j20) + j50x 050+ j(40+ j20) x O
= (40+j20) Q.




Problem 2.32 A 6-m section of 1502 lossless line is driven by a source with
Vg(t) = 5cog8mx 10't — 30°) (V)
andZy = 150Q. If the line, which has a relative permittivity = 2.25, is terminated
in aloadz, = (150 j50) Q, determine:
(a) A ontheline.
(b) The reflection coefficient at the load.
(c) The input impedance.
(d) The input voltagéy.
(e) The time-domain input voltage(t).
(f) Quantities in (a) to (d) using CD Modules 2.4 or 2.5.
Solution:

Vg(t) = 5cog8mx 10t —30°) V,
Vg=5e 3% v.

li Transmission line
_._C

O N
/+ T m

+
\79® Vi Zo—»  zo=1500 V. |Z |(150i50)Q

\. '

O )
A

Generator |fe——I1=6m ]

- L oad
zZ=+ z=0

Figure P2.32: Circuit for Problem 2.32.



@

c 3x 108
Up = —— — =2x10® (m/s
PTVE V225 (m/s)
U, 2mu, 2mx2x10®
F~ o T TV AL
w 8mx 10’
_———————,— .4
B b 2x10° 0.4t (rad/m)

Bl =04mx6=24m (rad)

Since this exceeds®(rad), we can subtractr which leaves a remaind@i = 0.4
(rad).
(b) T'=

(©

Z -7y 150-j50—-150  —j50

= . = —_ —0.16e 18054
Z +Zo  150—j50+ 150  300— j50 ©

20— 27 [ZL + jZotanpl ]

Zo+ jZ tangl
(150— j50) + j150tar{0.41m)
150+ j(150— j50) tan(0.47)

] = (11570+ j27.42) Q.

(d)

VgZin 567139 (1157 + j27.42)
Zy+Zn 150+ 1157+ j27.42
_ 530 (1157+]27.42
2657+ j27.42
— 5130 x 0.44el74% = 22712256 ().

V=

(€)

Vi(t) = Re[Vie Y] = Re[2.2e7 12256 el¥] — 2 2 cog8mx 10"t — 22.56°) V.



Module 2.4 Transmission Line Simulator Options: | Set Input / Output % |

Z,=150.0+)0.0 Q
Vg=433-j25V

d=121=60m

Set Line
Length units: () [A] ®[m)

Low Loss Approximation

Characteristic
Impedance

Frequency f

Relative
Permittivity

Line Length

Ep=

Z,=150.0+j0.0 Q
e, =2.25

z,= | 150 [*1 |50 [2

(®) Impedance O Admittance

Z, =150.0-)50.0 Q

f = 40.0 MHz
A =50m

Transmission Line Data 1

Output |

Cursor d =12k =6.0m
Impedance |Z(d) = 115.702409 + j 27.423507 |

[9] =118.907931 L 0.2327 rad

Set Generator

vg=|_§4g3
z3 = 150

| e Y
| oo \ |

Admittance Y (d) = 0.008183 -j0.00194
[S) = 0.00841 L -0.2327 rad
Reflection Iy =-0.11718185 + j0.11530585

Coefficient = 0.16439899 L 2.364264 rad
= 0.16439899 L 135.462322°

Voltage V(d) = 2.055434 - j0.853886
(V] =2.225742 L -0.3937 rad

Current T(d) =0.015164 -j0.010974
[A] = 0.018718 L -0.6265 rad

Power Flow P, =20.269378
[mW]

[5 cos (-30)

5 sin(-30)




Problem 2.42 A generator withVg = 300 V andZ, = 50 Q is connected to a load
Z, =75Q through a 502 lossless line of length= 0.15A.

(a) Computezi,, the input impedance of the line at the generator end.
(b) Computel; andV..
(c) Compute the time-average power delivered to the Rae= 29[Vl ].

(d) Compute Vi, I, and the time-average power delivered to the load,
A = 1%eVLI{]. How doesR,, compare tdA ? Explain.

(e) Compute the time-average power delivered by the geneRtaand the time-
average power dissipatedy. Is conservation of power satisfied?

Solution:
50 Q - .
J\M ___Transmission line
+
Vg @ Zin—»  Zo=500Q 750Q
Generator T<_ | = 0.15\ _>T L oad
z=+ z=0
I
. !
Figure P2.42: Circuit for Problem 2.42.
(@

Bl = 27" % 0.15) = 54°,



2 — 7 [ZL + JZOtanBI] _5p [75+ j50tan54

] = (41.25— j16.35) Q.

Zo+ jZ. tanpl 50+ j75tan54

(b)

I/ 300 i

—_ Y9 _ : =3.24¢101% (A

' Zy+Zn 50+ (41.25- j16.35) © *,

V, = 11Zin = 3.24611016 (41 25 |16.35) = 1436e 11146 (V).

©
1, o~ 1 —j11.46° -j10.16°
P, = éme[\/ih = éf)ﬁ{e[l43Ge x 3.24e ]
1436 x 3.24
= TIPSR 0q2162°) = 216 (W)

(d)

ZL-Zy T75-50
- ZL+Zy 75+50 7
~ 1 1436¢ 11146 e
+ __\/ _ _ — |54
VO _\/I (ejﬁl +re_jB|> - ej540+0.267j540 — 15% (V)7
VL =V, (1+T) =150 %% (1+0.2) = 18015 (V),
_ V+ 1 — j54°
=2 (1-T)= 150~
Zo 50
1. ~~ 1 L o
R = SReMI] = ESthe[lsoe-Jf’“ x 2.4e%] =216 (W)

(1-0.2) =2.4e % (A),

R. = By, which is as expected because the line is lossless; power input to the line
ends up in the load.

(€)

Power delivered by generator:
1. ~~ 1 i
Py = 5%e[Vgli] = 57e[300x 3.24€11916] — 486¢0$10.16°) = 4784  (W).

Power dissipated in £

Pry = %me[ﬂvzg] = %me[ﬂﬁ*zg] = %\mzzg = %(3.24)2 x 50=2624 (W).

Note 1:Py = Pzg +Pn,=4784 W.




Problem 2.45 The circuit shown in Fig. P2.45 consists of a 1QO0tossless
transmission line terminated in a load wih = (50+ j100) Q. If the peak value of
the load voltage was measured to|\g = 12 V, determine:

(a) the time-average power dissipated in the load,
(b) the time-average power incident on the line,
(c) the time-average power reflected by the load.

|

+
~g® Zo=100Q 7L = (50 +j100) Q

A O
2% U

Figure P2.45: Circuit for Problem 2.45.

Solution:
@ . :
_ ZL — 2y _ 50+ j100— 100: —50+ 1100: 0.620/82%"
Z +7Zy 50+ j100+100 150+ j100
The time average power dissipated in the load is:
1~
Pav=S[ILI"RC
1|V [°
e
2|z R
1[VL|? 1 50
= R =-x12x —— - =029 W.
A Rl N Ty
(b) _ ,
Pav = P:!w(l_‘r‘ )
Hence, 5 0.29
Pl= == =047 W.
& 1-r2 1-0622
(©

Pl = —|I|?P,, = —(0.62)2 x 0.47= —0.18 W.




Problem 2.66 A 200-Q transmission line is to be matched to a computer terminal
with Z, = (50— j25) Q by inserting an appropriate reactance in parallel with the
line. If f =800 MHz ands; = 4, determine the location nearest to the load at which
inserting:
(a) A capacitor can achieve the required matching, and the value of the capacito
(b) An inductor can achieve the required matching, and the value of the inductor

Solution:

(a) After entering the specified values fdr andZp into Module 2.6, we have
represented by the red dot in Fig. P2.66(a), gndepresented by the blue dot. By
moving the cursor a distance= 0.093), the blue dot arrives at the intersection point
between the SWR circle and tige= 1 circle. At that point

y(d) = 1.026126- j1.5402026

To cancel the imaginary part, we need to add a reactive element whose admitta
positive, such as a capacitor. That is:

wC = (1.54208 x Yo
154206 154206

—=7.71x10°%
Z 200 S

which leads to
7.71x 1073

_ _ —12
= o B 16 1.53x 10 *“F.



d - >, <] »
SXIC
Module 2.6 YT ~——
Interactive Smith Chart | /' ,T‘
o\ > out

¥ SWR Circle ™ Cursor Lines
¥ Show curve ™ y(d)
™ Full Chart

Click and drag mouse
to reposition load

[ [s=1circle |

7
- 7
-
N “

) Tangent SWR Circle
SWR = 4.0666

] Voltage Maximum
d(max) = 0.27107 &

1 Voltage Minimum
d(min) = 0.02107 X

¥ShowI’ @ Load O Cursor

® z =025-j0.125

I, = 060525749 L -164.8271°
@ z(d)=0.299584 + j 0.449673

Iy =0.60525749 L 128.2129°

~> @ y(d)=1.026126 - 1.540206

¢~ d=0.093A
2Bd=1.168672 rad = 66.96°
7~ 0.5\ -d=0.407A
2B(05A-d) =
= 5.1145 rad = 293.04°

Set Line

Z, = 200 (Q]

Set Load

Z,= 50.0

+J -25.0 [Q]

®z Oy or

to

Figure P2.66(a)

y(d) = 1.000001+ j1.520691

atdy = 0.447806\.

(b) Repeating the procedure for the second intersection point [Fig. P2] &&{ts

To cancel the imaginary part, we add an inductor in parallel such that

i 1520691
wL 200
from which we obtain
L 200 =2618x 108 H.

T 152x2mx 8x 108




/- [SWR circle

//

Jreey

.\l\\\lulnnfu,,
/

iy

Click and drag mouse
to reposition load

T
Vi

|
el

d - { ) )< »| A
{ & TR ¥ SWR Circle ™ Cursor Lines
Module 2.6 — ¥ Show curve ™ y(d)
Interactive Smith Chart R [—|Abou! ™ Full Chart

1 Tangent SWR Circle
SWR = 4.0666

1 Voltage Maximum
d(max) = 0.27107 &

) Voltage Minimum
d(min) = 0.02107 A

¥ShowI @ Lload O Cursor

} @ y(d)= 1.000001 + j 1.520691

® z =025-j0.125

'y =0.60525749 L -164.8271°
@ z(d)=0.301887 - 0.459076

Iy =0.60525749 L -127.2474°

7~ d=0447
2B d = 5627296 rad = 322.42032°

7~ 0.5A-d=0.052194\
2B(0.5A-d) =
= 0.6559 rad = 37.5797°

b

Zy =200 (Q]

\
!

ot ond

Z,=50.0

+J -25.0

(OF Oy or

Figure P2.66(b)




Problem 2.31 A voltage generator with
Vg(t) = 5cog2mx 10°%t) V

and internal impedanc&y = 50 Q is connected to a 5@ lossless air-spaced
transmission line. The line length is 5 cm and the line is terminated in a load with

impedance = (100— j100) Q. Determine:
(a) T atthe load.
(b) Z, at the input to the transmission line.
(c) The input voltagd/ and input current;.
(d) The quantities in (a)—(c) using CD Modules 2.4 or 2.5.

Solution:
(a) From Eq. (2.59),
~ Z.—Zp  (100- j100) — 50
~ ZL+Zp (100- j100) +50

=0.62¢712°7",

(b) All formulae for Zj, require knowledge o8 = w/up. Since the line is an
air line, u, = ¢, and from the expression fo(t) we concludew = 21T x 10° rad/s.

Therefore
2nrx 10% rad/s 207

P= 3x10m/s 3
Then, using Eq. (2.79),

rad/m

. Z| + jZotanpl
“in =20 <Zo+ jZ, tanpl
_ 5o (100100 + j50tan(2 rad/mx 5 cm)
7| 50+ j(100— j100) tan( 22" rad/mx 5 cm)
100— j100) + j50tan(Z r
(100 j100 +jS0tan(zrad) | _ 0 1100
50+ j(100— j100) tan(% rad)

(c) In phasor domalﬁ\/g 5Vvel®. From Eqg. (2.80),

VoZn  5x(125—j127)

— : — 1.40e 1340° (v
Zg+Zn 50+ (125—j127) V),

V, =
and also from Eq. (2.80),

~ Vo 14e 130

==~ —784e115 (mA).
' Za T (125-j127) (mA)



Module 2.4 Transmission Line Simulator Options: | Set Input / Output 3|

IE 5 i< >I
d

an

o

Z,=50.0+)0.0 Q
Vg=5.0+j0.0V

d = 0.166667 A = 50.0 mm

Set Line

Length units: () [A] ®(m]

Low Loss Approximation

Characteristic Z
Impedance 0=

Frequency f

Relative €, =
Permittivity r

Line Length

Z,=50.0+]0.0 Q
e =10

2= 100 |*J |-100 |-

(® Impedance O Admittance

Set Generator

Yy =|s

zg=| 50

|7 |00 |Y

[ [0___J°

Z, =100.0-j100.0 Q

f = 1.0 GHz
A =300.0 mm

Output |

Cursor

Transmission Line Data 1

d =0.1666 A =49.98 mm

Impedance
Q]

Z(d) =12.530782 - 12.743838
=17.87249 L -0.7938 rad

Admittance
[S]

Reflection
Coefficient

Y(d) =0.039229 + j0.039896
= 0.055952 L 0.7938 rad

Iy =-0.53543815-j0.31292389
= 0.62017367 L -2.612703 rad
= 0.62017367 L -149.696881 °

Voltage
(vl

Current
[A]

V(d) = 1.161077 - 0.782796
=1.40031 L -0.5932rad

T(d) =0.076778 +j0.015614
=0.07835 L 0.2006 rad

Power Flow
[mw]

P, =38.461538




Problem 2.33 Two half-wave dipole antennas, each with an impedance d,75
are connected in parallel through a pair of transmission lines, and the catiobiis
connected to a feed transmission line, as shown in Fig. P2.33.

75 Q
I 0.31 (Antenna)
° Z
Zipy = ZTnl
mn
o 2

75 Q
| (Antenna)

Figure P2.33: Circuit for Problem 2.33.

All lines are 50Q and lossless.

(a) Calculatez,,, the input impedance of the antenna-terminated line, at the
parallel juncture.

(b) Combinez;,, andzi,, in parallel to obtairy] , the effective load impedance of
the feedline.

(c) Calculatez;, of the feedline.

Solution:
(@

o Z,, + jZotanBly
Zim =20 [Zo+ szltanﬁll]
[ 75+ j50tarj(2m/A)(0.2))]
- {5o+ |75tari(21/A)(0.2) )]

}: (35.20— j8.62) Q.

(b)

Zin, Zi (35.20— j8.62)2 _
zZ = —"Mmo : = (17.60— j4.31) Q.
L Zn,+Zin, 2(35.20— j8.62) ( 14-31)

(©



«—| = 0.3\ ———

(o O
1
O O

Figure P2.33: (b) Equivalent circuit.

(17.60— j4.31) + j50tari(27/A)(0.3A )]
50+ j(17.60— j4.31) tan(271/A)(0.31)]

Zin = 50{ } = (10757— j56.7) Q.




Problem 2.39 A 75-Q resistive load is preceded by\a4 section of a 52 lossless
line, which itself is preceded by anoth&y4 section of a 10® line. What is the
input impedance? Compare your result with that obtained through two ssicee
applications of CD Module 2.5.

Solution: The input impedance of thie/4 section of line closest to the load is found
from Eq. (2.97):
% _50_
Zin = 7 =75 33.33Q.
The input impedance of the line section closest to the load can be consaietieel
load impedance of the next section of the line. By reapplying Eq. (2.97ne¢ke

section ofA /4 line is taken into account:
Z: 100

Zn=2=""_-300Q.
"7 T 3333



Module 2.5 Wave and Input Impedance Options: | _Set Line and Load

O

TEO04+j00 @2

r

d

=0.25% =250.0mm d=10

300.0 MHz (O ]‘ —  frequency

Choose length units: (=) [A] Olm]

(press Update to activate choice)

Set Line

Characteristic

Impedance Iy = .Sﬂ

75 L

Relative
Permittivity

Er =

e * ) Impedance O Admittance




Problem 2.43 If the two-antenna configuration shown in Fig. P2.43 is connected to

a generator witNg = 250 V andZy = 50 Q, how much average power is delivered to
each antenna?

7, =75Q

500 | n (Antenna 1)

Lipy = Line 1

Generator

ZL2 =75Q

- (Antenna 2)
|
Figure P2.43: Antenna configuration for Problem 2.43.

Solution: Since line 2 isA/2 in length, the input impedance is the same as
Z;, =75Q. The same is true for line 3. At junction C-D, we now have two(¥5-
impedances in parallel, whose combination i§Z5 37.5 Q. Line 1 isA /2 long.
Hence at A—C, input impedance of line 1 is 3R5and

-V 250
= Zy+Zn 50+375 286 (A)
1 e 1 = 2.86)2x 37.5
Rn = SRe[lV/7] = SRe[l{ 2] = ()2 =15337 (W).

This is divided equally between the two antennas. Hence, each anterenzese
15337 — 76,68 (W).




Problem 2.74 A 25-Q antenna is connected to a ¥b-ossless transmission
line. Reflections back toward the generator can be eliminated by placingn& shu
impedanceZ at a distancé from the load (Fig. P2.74). Determine the valuesZof
andl.

[=2?
I I
o O
B Y/
Zy=T15Q Z=2 []szzsg
o O

Figure P2.74: Circuit for Problem 2.74.

Solution:

u
“‘“
Y
O ‘\“‘-‘-““‘ o
et SIS T
RS S S SIS X KRR S
SRR A S X SESKSSI K IRLII
N et
SR s



The normalized load impedance is:

7z = ?—2 =0.33 (pointA on Smith chart)
The Smith chart show#é and the SWR circle. The goal is to have an equivalent
impedance of 752 to the left of B. That equivalent impedance is the parallel
combination ofZj, at B (to the right of the shunt impedancé® and the shunt
elementZ. Since we need for this to be purely real, it's best to chdosach that
Zn is purely real, thereby choosiigto be simply a resistor. Adding two resistors in
parallel generates a sum smaller in magnitude than either one of them. Sodve nee
for Zj, to be larger tharZy, not smaller. On the Smith chart, that pointBsat a
distancd = A /4 from the load. At that point:

Zin:37

which corresponds to
Yin = 0.33.

Hence, we needy, the normalized admittance corresponding to the shunt
impedanceZ, to have a value that satisfies:

Yin+Y= 1
y=1-yn=1-0.33=0.66
1 1
=-=_"_=1
y  0.66 S

Z=75x15=1125Q.

In summary,

Z=1125Q.
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