tELEG 320 ELECTROMAGNETIC FIELD THEORY |
HOMEWORK #6 Solutions — DUE NOVEMBER , 2010
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A 50-2 lossless transmission line 1s connected to a load composed of a 75-€2 resistor
in series with a capacitor of unknown capacitance. If at 10 MHz the voltage standing
wave ratio on the line was measured to be 3, determine the capacitance C.

Solution:

|r|—5_1—3_1 2
TS+1 341 4

=0.5

1
Z1. =R — jXc, where X¢ = oC "

r— 71— 7y
L1+ 24y

re=|(Z57) (2]

\Zi+z2 )\ ZF+ 7
TP = LZf+Z5—Zo(ZL 4+ ZF)
ZLZF+ 75+ Zo(ZL + ZF)

Noting that:

Z1.7{ = (R — jXc) (R + jXc) = Ri +X¢,
Zo(ZL+7Z7) = Zo(RL — jXc+ Ry + jXc) = 2Z0Ry,
> RI+XG+Z5—20R.

r-= 3 - 3 -
| | Ri|lﬁ|zﬁ|2ZORL

Upon substituting |I't | = 0.5, Ry =75 Q, and Zy = 50 Q, and then solving for Xc,
we have
Xe =066.1 Q,
Hence
1 1

C= = _ =2.41x 1071° =241 pF.
oXe  2nx 107 x 66.1 % P




2)

Problem 2.28 A 100-MHz FM broadcast station uses a 300- transmission line
between the transmitter and a tower-mounted half-wave dipole antenna. The antenna
impedance 1s 73 €. You are asked to design a quarter-wave transformer to match the

antenna to the line.
(a) Determine the electrical length and characteristic impedance of the quarter-

wave section.
(b) If the quarter-wave section 1s a two-wire line with d = 2.5 cm, and the spacing
between the wires is made of polystyrene with £, = 2.6, determine the physical

length of the quarter-wave section and the radius of the two wire conductors.
Solution:

{(a) For a match condition, the mput impedance of a load must match that of the
transmussion line attached to the generator. A line of electrical length 2./4 can be
used. From Eq. (2.77), the impedance of such a line should be

Lo =+/ZpnfL =+/300x 73 =148 Q.

(b)
b Up c 3x 108 -
- - —0.465 1
474 3/af  4/2.6x100x 106 o

and, from Table 2-2,

Hence,

which leads to

d 'A% }
() +y(5) 1=

and whose solution is a = d/7.44 =25 em/7.44 = 3.36 mm.



3)
Problem 2.15 A load with impedance 7y = (25— j50) Q 1s to be connected to a

lossless transnussion line with charactenistic impedance Zp, with Zg chosen such that
the standing-wave ratio 1s the smallest possible. What should Zj be?

Solution: Since §1s monotonic with I (1.e.. a plot of S vs. || 1s always increasing),
the value of Zg which gives the mimimum possible § also gives the mimmum possible
IT|. and, for that matter, the minimum possible |T|>. A necessary condition for a
mimmum 1s that 1ts derivative be equal to zero:

B o
a7y

8 |RL+ jXL —Zo|*
0Z0 |Ry + jXL+ Zo|”
_ 0 (RL—Zo)+X? _4R(ZZ—(RL+XD))
0 (RL4Zo)HXE ((Re+Zo) +X2)
Therefore, Z = R + X{ or

0

T =

Zo= |21 =/ (25 4 (—50)) =559 @,

A mathemaucally precise solution will also demonstrate that this point 15 a
mimmum (by calculating the second derivative, for example). Since the endpoints
of the range may be local minima or maxima without the derivative being zero there,
the endpoints (namely Z5 =0 Q and Zy = = Q) should be checked also.



4)
Problem 2.21 A voltage generator with v(f) = Scos(2x x 10°#) V and internal
impedance Z. = 50 Q 15 connected to a 50-Q lossless air-spaced transmission
line. The line length 15 5 em and 1t 15 ternunated 1 a load with impedance
Zp = (100 — j100) Q. Find

ia) T atthe load.

i(b) Zj, at the input to the transmission line.

(c) the input voltage V; and input current J;.
Solution:

(a) From Eq. (2 49a),

_ Zi—Zy _ (100— j100) —50

— — —0.67—297°
7o+ 7y (100—j100) 430 ~ 0%¢ -

r

(b) All formulae for Ziy require knowledge of p = m;”urp_ Since the line 15 an air line,
1p = c, and from the expression for v,(f) we conclude w = 2mx 107 rad/s. Therefore

_ 2ax107rad/s _ 20n
P= Ix 108 mlis = 3

rad/m,

Then, using Eq. (2.63).

7 7 (2t iZotanpl
» =0\ Zo+ jZitanpl

(100 — j100) 4+ j50tan (%'1 rad/m X 5 cm)
50+ j(100 — j100) tan (20" rad/m x 5 em)

=
2

50

_ { (100— j100)+ j5Otan (% rad) o
0 : =(12.5—j12.7) @,
’ (:‘.r;]+ (100 7100y tan (3 raq) ) — 22~ /12T)

An alternative solution to this part imnvolves the solution to part (a) and Eq. (2.61).

(e) In phasor domamn, V; =5V ef":'q. From Eq. (2.04),

VeZin  5%(12.5—j12.7)
Zo + Zin ~ 50-4(12.5—j12.7)

7= =140 V),

and also from Eq. (2.04),

v 1,4e—340° I
- = =784 115 nA),
Zn  (125—j12.7) ¢ (mA)

L=




5)

Problem 2.23

50 € and loszless.

ia) Calculate Zy,. the mput mmpedance of the antenna-termunated line, at the
parallel juncture.
(b) Combine Z;,, and Z;;, mn paralle]l to obtain Z]"~= the effective load impedance of
the feedline.

(¢) Caleulate Zip of the feedline.

Solution:

(a)

ZL +ngta.n[3e’1:|
=2 L0 P
Zi =20 | Z 7 tanph
[ 75+ j50tan[(2m/3)(0.20)] ] o
— 50 — (35.20 — j8.62) Q.
{50+ 752/ (020 § — ¢ j3.62)
750
(Antenna)
150
(Antenmna)
Figure P2.23: {a) Circuit for Problem 223,
b
| ZiZw,  (3520—j8.62)° .
A=g 7 mey LA
(c)

| +—— =03} —]

o i
- -
Lip = L
o Cr

Figure P2 23: (b) Equivalent circuit.

[ (17.60— j4.31)+ j50tan[(2m/4)(0.3% o
Za= }U{Eﬂ-l—jr:l?.l.rﬂil—:ljd.;]jmEEInﬁ?.%ED.E?Q:H } =(10757—j56.7)

Two half-wave dipole antennas, each with impedance of 75 Q| are
connected in parallel through a pair of transmission lines, and the combination is
connected to a feed transmission line, as shown in Fig. 2.39 (P2.23(a)). All lines are



6) Let us assume that measurements performed on a slotted line of characteristic impedance Zo=
50 Q provided the following data. First, with the short circuit as the termination, voltage minima
were found to be 20 cm apart. Next, with one of the minima marked as the reference point and
the short circuit replaced by the unknown load, the SWR was found to be 3.0 and a voltage
minimum was found to be at 5.80 cm from the reference point on the side toward the load.
Compute the value of the unknown load impedance, Z.

From the value of the SWR, we obtain by using (7.29)

(8}

— 1

Tkl = g = 0.5

"Ni

Since the distance between successive voltage minima is 20 cm. A/2 is equal to 20 cm, or
A is equal to 40 cm. Since the voltage minimum shifted toward the load from the refer-
ence point, dy,;, is equal to A/2 minus the shift,or 20 — 5.8 = 14.2 cm. Then, from (7.30),
we get

o B o T = s Gl

0‘40

Thus

1~ =~ A
l R — 0.3(”0A~F

Finally, using (7.31). we compute the value of the load impedance to be

= &l 1 + 0.5e/0427
e 1 — 0.5e/042m

1.1243 + j0.4843
0.8757 — j0.4843
1.2242/23.303°
1.0007 / —28.945°
= 61.17/52.248°

= 50

= (37.45 + j48.365) ()



7) A TM mode is excited in a parallel-plate waveguide filled with a dielectric of ¢ = 4¢p and u =
o and having the plates in the x = 0 and x = 5 cm planes by setting up at its input z = 0 the
magnetic field distribution

H = H, cos 407zxsin8z x10°t .

Find the expressions for the electric and magnetic fields of the propagating wave.
L~

"H = Hg cos 407x sin 87 x 109 a,

For a = 5 cm, cos 40mx = cos g ’gg corrcsponds to two half-sine variations in the

x direction.

.. The excited mode is TM3 o mode.
Ae=a=5cm

= 7p _LSXI0F 5, 109Hz

9
FOIf=T=4X109HZ,

f>feand the mode is a propagating mode.

Y f,} 8:r><109 (3)2
= 15x108 4

=110.82

A 1.5%108 110.82 -
—1= X X 607 = 124.67
Ag 4x109 2{: -

A _1.5x108, 60w _
En— 4100 XOOS 141.37

The field expressions are
H = Hy cos 407x sin (87 x 109t - 110.827) a,,
E = 124.67Hp cos 407 sin (87 x 10% — 110.82z) a,

+ 141.37Hp sin 40mx cos (87 x 10% ~ 110.827) a,



8) For the parallel-plate waveguide discontinuity shown below, find the power reflection
coefficient for f = 7500 MHz for the TE;o mode.

5cm €, K1,

Z=0
TEyo

for continuity at dielectric boundary impedance must match

. mmx Wy oo .
E, = sin cos— e I%22% (forward propagating)
Ep = sinEe‘jkzzf
10 = 2
where a=5cm
—jknH =V XE
J0E,
—jknH, = —
_] 77 y aZ
_jany = —jk,Ex
Eka
y - le
. Ex _ Ex _kny ,
Inmedium 2 Z, = — = —5— = — where k,, k and n are for medium 2
Hy  Exk,  k,
kn

Inmedium 1 E and H are sums of forward propagating and reflected waves
X . .
E=sin—2% (e7JkeZ 4 Telkz?)

. O,
knty =5

X X .
—jknH,, = sin?J’E (—jk,e~ 7% + jk,Te/kz2)



L WX, . i . -
_ 51n7(—]kze jkaz 4 jk, Teiks?)

H
Y —jkn
' Sin% (e_ijZ _ Fejkzz)
= _sz p
—jkn
. TX .
smT(e Jkaz 4 Telka?) kn

Inmedium1Z, = =
Sinﬂ (e—jkzz _ l"ejkzz) k,
a

—jkn

_j kz

where k,, k and n are for medium 1

Impedance must be continuous at z = 0

kZ:B:kfl—(%f

Ho

€o

n

- |Ho
M2 9¢,
1

fe,(TEyg) = —F—==2.99863 GHz
2a./€oto

fe2(TEqp) = = 999,545 MHz

1
2a./9€oug



Setting impedances equal at z = 0

1+T
Zzlz=0 = 7791ﬁ =Ng2
Solving for T

ng(l - = 77g1(1 +1)
_ Ng2 —Mg1

- Ng2 T Ng1

2
power reflection coef ficeint = I'? = (M>
Ng2 T Ng1

Ng1 = 411.305 Q
Ng2 = 126.798 Q

I'?2 =.279569

TM,,

following a similar approach

mmx nrw .
H, = cos (—) sinTy e~Ukz2) § (forward propagating)

Hyq10 = cos (z_x) e~Uka2) §

: : Jjk oH,
So inmedium2 —E, = 5 - —jk,H,
nk,
Ex = —THy
E k
Z, = H—x = _772k 2z — —MNg2 Where k,, k and n are for medium 2
y 2

In Medium 1 The field is a sum of the forward propagating field and the reflected.
Following the same steps as for above
X . .
Hy = COS (7) y\(e_]kzz + l"e]kzZ)

jk . _ oHy

—-Ey =—==cos (?) P(—jk,e I*e% + jk,Telkz%)



= —jk,(e /k2* — Telkz7)

] X . )
E,=— = ——=cos— (e /kz% — TeJkz?)
a

where 1, k,and k are for medium 1

nlkzl _
- kl - _T],gl

Mgt ((e —jkzz _ [‘eszz))

2= (eJkzZ + Telkz7)

for continuity of impedance at z=0

7791(1 - F) _

Zylz=0 = — 14T = Mgz

where 14, and 14, can be calculated using the values of k,and n from the TE,, case

7791 - ng _ ng - 77gl

ThusT = —
Ng2 T Ng1 Mgz +Mg1
Ng1 = 345520
Ng2 = 124540

rz=.221



