ELECTROMAGNETICSII
April 27,2007
Exam 3, Solutions

Answer thefollowing four questions Write clearly, condsely and legibly. Youmay use
any material, induding your notes, book, etc. but you cannotborrow material duringthe
exam. You are encouraged to make reasonéable assumptionsbut you mug state them
clearly. Smith charts are supplied. Youmay use a Smith chart in any problem if you think
tha would hdp but you mug solve problem 2 usng a Smith chart

Leve of difficulty: All are equdly easy (or equdly difficult).

1.Alossless 75! trangmissionlineisgiven as shown. Thevoltageat pant A is
measured and equds 50V. Calculate:

a. Themaximum voltageon theline

b. Thelocation at which this voltage occurs (closest locationto A)

c. Thevoltageat point B

V=50V
A B

75! 75!

0.25"

Solution: Sincetheload at B is matched to theline, thelineimpedance anywhere
between A andB is 75 . Tha meansthat thetwo impedances are essentially in paralédl..
This meansthat theequivaentimpedance at A is.

Za=75175=375 [Q]

a Now we can calculate thereflection coeficient at A:

r,=Ze=2% _375-75__1
Za+Z0 375+75 3

Hence, theSWR is;

SWR=1+1/3_»
111/3

To calculate the maximum voltage onthelinewe argueas follows: Theload is purely
real and smaller than the characteristic impedance. This meansthat theload isalocation
of voltage minimum. By ddfinition:



INVR = Vimex - Vimax _ 7 I Vinax = 100 [V]
Vmin 50

b. Thelocation of thefirst maximumis //4 fromA (to theleft) sncetheload isa
location of voltage minimum

c. Sincethesection beween A and B is matched, thevoltageis condant and equd
to 50V asisthevoltageat B.

2. A trangmission lineis made of three sections each with a different characteristic
impedance as shown. Three loadsare connected, one at the end of each section. Calculate
thelineimpedance at thelocation marked as D usng a Smith chart.

D C B A

: Z,=50 @ lj Z,=75Q Ij Z,=50 @ Ij

300 Q 75Q 75Q
< oo 0250 o o025n

Solution: wefirst normalize theload impedance at A:

z2=%a-15_15
Zy 50

Thisis placed onthe Smith chart as point P;.and the reflection coefficient circleis drawn.
Now we movetowardsthe generator adistance of a quater wavelength to calculate the
inputimpedance of the section B-A. This bringsusto point P,: Thenomalized
impedance at P, is0.667. Therefore theinputimpedance to this sectionis:

Zina-s = 50! 0.667 = 33.35 [ ]

Thisimpedanceisin paale withthe75! load a B. Theequivalentimpedance at B is
therefore:

33.35%75 _ 55 Q]
33.35+75

Zp=133.35I175 =

Theequivalent circuit now looksasfollows:

C B
Z=SOQ =
) Zy=759Q 30
300 Q
>

><
' 0.2\ 0.25 A

D




Now we repesat the process abovefor this new equivaent circuit. The normalized
impedance a B is:

We mark this as point P; and draw thereflection codficient circle for this new load. We
now move a quater wavel ength towardsthe generator up to point P4. The normalized
impedance at P, is 3.3. Hence theinputimpedance of thesection C-B is.

Zinc-p = 75! 3.3=247.5 [ ]

Thisimpedanceisin paale withthe300! load at C. Theequivaent impedanceat B is
therefore:

247.5x300 _

Zc = 2475|300 =
247.5+300

135.616 Q]

Theequivalent circuit now looksasfollows:

D

C
Zy=30€Q lj 135.616 Q
>

0.2 A

Now we repesat the process abovefor this new equivaent circuit. The normalized
impedance at Cis.

z'c=270=m=2.712
Zy 50

Thisis placed onthechart as point Ps and thereflection coefficient circle throughthis
point is drawn. We move a distance of 0.2 wavelengthstowardsthe generator to point Pe.
Thenomalized impedance at Ps is

Z=0.4"! j0.28 [ ]

Multiplyingby Zo = 50! we get theimpedance at D:

Zp=(0.4 - j0.28)x50 =20 - j14 Q]



3. Inthelineshown bdow it isrequired tha theload dissipates 10 W (time averaged
power). Calculate thenet power entering thelineat location A to produce the required
power in theload. Note: net power meansthe power tha propagates towardstheload and
isthe difference between the forward propagaing power and the backward propagaing
power.

Hint: Usetheideatha net power entering a system mug bedissipaed in the system.

A
@
Z,=50Q
a = 0.01 Np/m 100 Q
@
< >
100 m

Solution: Thereis an easy way to solve this problem and thereis a more difficult way.
Let@ start with the easy way, usang Eq. (14.155:



Thepower at any locationontheline (from Eqg. (14.155)) is:.

_ ‘V+‘2 2az 2 20z ...
P, = > —|nf e )eos6yz,
2|7,

In this case, the phase angle of the characteristic impedanceis zero (real impedance) so
we have:

‘V+‘2 2z 2 "2z
Pzz—(e < \# e “)

270

Attheload,z = 0:
+2
Pe=Y (1 -|np)
270

Thereflection coeficientis;

/,=100"50 _1
100 +50 3

Thus

+2

+2
PL:4(‘V‘ 1—l) :HV‘ 1-l):1o > yt=, 10009 _ 5354 [y
2o\ 9/ 100 9 8

Now we can use the same formulato calculate the power at adistance z=100m as
follows:

Pye100= (v +)2(eZaZ - |riPe2) = (33-54)2(92><0.le100 _ le—ZxO.lelOO)
270 100 9
= 11.25%(7.389 - 0.015) = 82.95 A\

Thepower needed to produe 10Win theload is82.95W. Therest islog ontheline

Themore difficult way isto calculate the voltage at theload (from the given power and
theload impedance), then calculate the backward and forward voltages and currents,
propagae them back a distance of 100m and then calculate the power dueto thevoltage
a theinputto theline Theresult isthe same either way.

4. Inthelinegiven bdow, suppo® tha theload isa potentiometer and we can changeits
resistance at will. Theinputvoltage (peak value) is kept condant at 50V and theload
voltageis measured as 20,000V (pesk value). Calculate therequired resistance of R to
accomplish this condition.



V. =50V V, = 20KV
?
Z4=50Q HR
°
>

025\

®
<

Solution: Because theload and characteristic impedances are real, theload mug bea
location of eithe maximum or minimum voltage Since the distance between a minimum
and a maximum voltagelocation is aquater wavelength, theload mug bealocation of
maximum voltage Therefore we can write:

R = Znar = ZoSWR [t ]
By ddfinition:

SWR = Vimax = 20,000
Vmin 50

=400

Hence:

R = ZoSWR = 50%x400 = 20 [kQ]



