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ECE 3317
Applied Electromagnetic Waves
FINAL EXAM
Dec. 12, 2018


1. This exam is open book and open notes. However, you are not allowed to use a computer or any electronic device other than a calculator. Any devices that may be used to communicate are not allowed.
2. Show all of your work. No credit will be given if the work required to obtain the solutions is not shown. 
3. Perform all your work on the exam in the space allowed. 
4. Write neatly. You will not be given credit for work that is not easily legible.
5. Leave answers in terms of the parameters given in the problem. 
6. Show units in all of your final answers. 
7. Circle your final answers. 
8. Double-check your answers. For simpler problems, partial credit may not be given. 
9. If you have any questions, ask the instructor. You will not be given credit for work that is based on a wrong assumption.
10.  Make sure you sign the academic honesty statement on the next page.


Academic Honesty Statement
I agree to abide by the UH Academic Honesty Policy during this exam. I understand that the punishment for violating this policy will be most severe, including getting an F in the class and getting expelled from the University. 


_______________________________________________
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Problem 1 (20 pts.)

A Time Domain Reflectometer (TDR) is being used to determine a fault on a transmission line. The TDR has a voltage generator vg (t) that applies a voltage step function with an amplitude of V0 = 2.0 [V] at the input to the transmission line circuit shown below. The transmission line has a relative permittivity of 2.1. The voltage waveform v0(t) that is recorded by the TDR at z = 0  is shown below. A partial short on the line (the fault) is modeled as a parallel resistance Rp as shown.  
Determine the unknown resistance Rp and the distance d between the short and the TDR. 
Support your answer by constructing a bounce diagram and using it to get the voltage v0(t) in terms of d and Rp.
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Room for Work


Problem 2 (20 pts.)

A 75 [] RG-59 coaxial cable has an outer radius of b = 1.85 [mm] and an inner radius of a = 0.292 [mm]. The coax is filled with Teflon (r = 2.25) that has a loss tangent of 0.001. The conductors are made of copper, which is nonmagnetic and has a conductivity of  = 3.0108 [S/m]. Calculate the attenuation in dB when a 500 [MHz] signal travels along the cable a distance of 20 meters. 
 






Room for Work


Problem 3 (20 pts.)
	 
A TEz plane wave at a frequency of 1.575 GHz (GPS frequency) is incident from the air onto the ocean (which is nonmagnetic). The ocean has a relative permittivity of r = 81 and a conductivity of  = 4.0 [S/m]. The angle of incidence is i  =  45o. 

a) Find percentage of power that is reflected from the ocean. 

b) Find the dB of attenuation in the plane wave as it travels from just below the surface down to a depth of 10 meters (z = 10 [m]). 
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Room for Work


Problem 4 (20 pts.)

An air-filled rectangular waveguide is designed to transmit the dominant mode at an operating frequency of 8.0 [GHz]. The operating frequency should be halfway between the cutoff frequencies of the dominant mode and the next higher mode. Assume that b = a/2. 


a) Determine the dimensions a and b of the waveguide. 


b) Assume that we wish to have the dominant mode attenuated by at least 100 dB when the frequency is 5% below the cutoff frequency of the dominant mode. What is the minimum length of waveguide (in the z direction) required to do this?

Room for Work 

Problem 5 (20 pts.)

NASA wants to use a large reflector antenna in the Deep Space Network (DSN) to communicate with a CubeSat satellite. A simple dipole antenna is used on the CubeSat.  The frequency is 7.2 [GHz]. The transmit dish antenna in the DSN has a diameter of 34 [m]. Assume that the aperture efficiency of the dish is 70%. 

a) If the transmitted power is 100 [W], find the power density at the cubesat location, assuming that the cubesat is located near Mars, at a distance of 75 million [km]. 

b) Find the power that the CubeSat antenna is able to deliver to a matched load, assuming ideal conditions (the polarization of the transmitted wave and the receive dipole antenna are perfectly aligned).

























Room for Work


Bonus (20 pts.)

An antenna radiates an electric field in the far field that is given by 




where E0 is a constant. 


Calculate the directivity D(, ). Make sure that you evaluate all integrals to get a closed-form result.




Room for Work



18

oleObject2.bin

oleObject47.bin

image48.wmf
k

wme

=


oleObject48.bin

image49.wmf
m

h

e

=


oleObject49.bin

image50.wmf
0

0

0

376.730313[]

m

h

e

=W

B


oleObject50.bin

image51.wmf
2

0

ˆ

2

E

Sz

h

=


oleObject51.bin

image52.wmf
p

v

k

w

=


image3.wmf
00

1

c

me

=


oleObject52.bin

image53.wmf
2

k

p

l

=


oleObject53.bin

image54.wmf
d

c

f

l

=


oleObject54.bin

image55.wmf
0

0

1

jkz

x

jkz

y

EEe

HEe

h

-

-

=

=


oleObject55.bin

image56.wmf
c

j

s

ee

w

æö

=-

ç÷

èø


oleObject56.bin

image57.wmf
kkjk

¢¢¢

=-


oleObject3.bin

oleObject57.bin

image58.wmf
2

k

p

l

=

¢


oleObject58.bin

image59.wmf
1/

p

dk

¢¢

=


oleObject59.bin

image60.wmf
tan

c

c

e

s

d

we

e

¢¢

==

¢


oleObject60.bin

image61.wmf
2

1

p

d

kk

d

wms

d

==

¢¢¢

»»


oleObject61.bin

image62.wmf
0

x

s

sx

E

Z

J

º


image4.wmf
-12

0

-7

0

 8.854187810 [F/m]

= 410 [H/m]

µ

e

p

´

´

B


oleObject62.bin

image63.wmf
1

2

s

ss

R

XR

wm

sds

==

=


oleObject63.bin

image64.wmf
2

s

l

RXR

a

p

æö

==

ç÷

èø


oleObject64.bin

image65.wmf
11

22

s

RR

ab

pp

æö

=+

ç÷

èø


oleObject65.bin

image66.wmf
ˆˆ

()()

jkz

xy

EzxEyEe

-

=+


oleObject66.bin

image67.wmf
()0

a

bp

<<

LHEP


oleObject4.bin

oleObject67.bin

image68.wmf
()0

b

pb

-<<

RHEP


oleObject68.bin

image69.wmf
1

o

tan

090

b

a

g

g

-

æö

=

ç÷

èø

££


oleObject69.bin

image70.wmf
oo

LHEP

RHEP

4545

ARcot

0:

0:

sin2sin2sin

x

x

x

x

xgb

-££+

=

>

<

=

where


oleObject70.bin

image71.wmf
12

sinsin

it

nn

qq

=


oleObject71.bin

image72.wmf
o

12

sinsin90

c

nn

q

=


image5.wmf
(

)

222

11

ˆ

22

SVVV

ndSdVdVdV

tt

sme

¶¶

æöæö

´×=---

ç÷ç÷

¶¶

èøèø

òòòò

Ñ

EHEHE


oleObject72.bin

image73.wmf
1

2

1

tan

ib

e

qq

e

-

==


oleObject73.bin

image74.wmf
12

12

 

TETE

zizt

ZZ

kk

wmwm

æöæö

==

ç÷ç÷

èøèø


oleObject74.bin

image75.wmf
12

12

  

TMTM

zizt

kk

ZZ

wewe

æöæö

==

ç÷ç÷

èøèø


oleObject75.bin

image76.wmf
(

)

2

1/

zc

kkff

=-


oleObject76.bin

image77.wmf
22

2

d

c

c

mn

f

ab

pp

p

æöæö

=+

ç÷ç÷

èøèø


oleObject5.bin

oleObject77.bin

image78.wmf
(

)

2

1/,

cc

kffff

b

=->


oleObject78.bin

image79.wmf
(

)

2

1/,

ccc

kffff

a

=-<


oleObject79.bin

image80.wmf
(

)

10

,,cos

z

jkz

z

x

HxyzAe

a

p

-

æö

=

ç÷

èø


oleObject80.bin

image81.wmf
(

)

2

1/

g

c

ff

l

l

=

-


oleObject81.bin

image82.wmf
(

)

2

1/

d

p

c

c

v

ff

=

-


image6.wmf
=´

SEH


oleObject82.bin

image83.wmf
1

g

d

v

d

d

d

w

b

b

w

==


oleObject83.bin

image84.wmf
(

)

2

1/

gdc

vcff

=-


oleObject84.bin

image85.wmf
2

0

ˆ

2

E

Sr

h

æö

=ç÷

ç÷

èø


oleObject85.bin

image86.wmf
(

)

(

)

0

,,,

jkr

F

e

ErE

r

qfqf

-

æö

=

ç÷

èø


oleObject86.bin

image87.wmf
(

)

2

2

0

00

1

,sin

2

F

rad

PEdd

pp

qfqqf

h

=

òò


oleObject6.bin

oleObject87.bin

image88.wmf
(

)

(

)

(

)

2

,

,

/4

r

rad

S

Dr

Pr

qf

qf

p

º®¥


oleObject88.bin

image89.wmf
(

)

(

)

(

)

2

2

2

00

4,

,

,sin

F

F

E

D

Edd

pp

pqf

qf

qfqqf

=

òò


oleObject89.bin

image90.wmf
(

)

(

)

,,

r

GeD

qfqf

º


oleObject90.bin

image91.wmf
Thin

ZZ

=


oleObject91.bin

image92.wmf
2.1

r

e

=


image7.wmf
(

)

*

1

2

SEH

º´


image93.wmf
[

]

0

50

Z

=W


image94.wmf
[

]

50

L

Z

=W


image95.wmf
[

]

50

g

R

=W


image96.wmf
0

z

=


image97.wmf
zd

=


image98.wmf
zL

=


image99.wmf
(

)

g

vt


image100.wmf
p

R


oleObject92.bin

image101.wmf
(

)

0

vt


oleObject7.bin

image102.wmf
[

]

1.0V


image103.wmf
[

]

0.286V


image104.wmf
[

]

0.290

s

m


oleObject93.bin

image105.wmf
x


image106.wmf
z


image107.wmf
i

q


image108.jpeg




image109.wmf
z


oleObject94.bin

image8.wmf
[

]

[

]

0

0

2

F/m

ln

lnH/m

2

r

C

b

a

b

L

a

pee

m

p

=

æö

ç÷

èø

æö

=

ç÷

èø


oleObject95.bin

oleObject96.bin

oleObject97.bin

image110.wmf
(

)

(

)

0

ˆˆ

coscossin,/2

,

0,/2,

F

E

E

qqfffqp

qf

qp

ì

+£

ï

=

í

³

ï

î


oleObject98.bin

oleObject8.bin

image9.wmf
[

]

[

]

2

S/m

ln

111

/m

22

d

m

G

b

a

R

ab

ps

sdpp

=

æö

ç÷

èø

æö

=+W

ç÷

èø


oleObject9.bin

image10.wmf
vi

RiL

zt

Iv

iGvC

zt

¶¶

=--

¶¶

¶¶

=--

¶¶


oleObject10.bin

image11.wmf
(

)

(

)

(

)

,

dd

vztfzctgzct

=-++


oleObject11.bin

image12.wmf
(

)

(

)

(

)

0

1

,

dd

iztfzctgzct

Z

=--+

éù

ëû


oleObject12.bin

image13.wmf
(

)

,(/)

gd

vztvtzc

=-


oleObject13.bin

image14.wmf
0

0

00

g

L

gL

gL

RZ

RZ

RZRZ

æö

-

æö

-

G=G=

ç÷

ç÷

ç÷

++

èø

èø


oleObject14.bin

image15.wmf
0

0

0

g

Z

VV

RZ

+

æö

=

ç÷

ç÷

+

èø


oleObject15.bin

image16.wmf
(

)

(

)

/

0

12,

tT

LL

tetTZC

t

t

--

G=-³=


oleObject16.bin

image17.wmf
(

)

(

)

/

0

12,/

tT

LL

tetTLZ

t

t

--

G=-+³=


oleObject17.bin

image18.wmf
()

zz

VzAeBe

gg

-+

=+


oleObject18.bin

image19.wmf
()()

RjLGjC

gww

=++


oleObject19.bin

image20.wmf
2

1

d

LC

c

me

==


oleObject20.bin

image21.wmf
j

gab

=+


oleObject21.bin

image22.wmf
z

kjj

gba

=-=-


oleObject22.bin

image23.wmf
p

v

w

b

=


oleObject23.bin

image24.wmf
2

p

b

l

=


oleObject24.bin

image25.wmf
(

)

20

attenuation8.6859[dB/m]

ln10

aa

æö

==

ç÷

èø


oleObject25.bin

image26.wmf
0

RjL

Z

GjC

w

w

+

=

+


oleObject26.bin

image27.wmf
0

1

()

zz

izAeBe

Z

gg

-+

æö

éù

=-

ç÷

ëû

èø


oleObject27.bin

image28.wmf
0

0

L

L

L

ZZ

ZZ

-

G=

+


oleObject28.bin

image29.wmf
(

)

()

L

zz

VzAee

gg

-+

=+G


oleObject29.bin

image30.wmf
(

)

0

1

()

zz

L

IzAee

Z

gg

-+

=-G


oleObject30.bin

image31.wmf
(

)

(

)

(

)

in

Vz

Zz

Iz

=


oleObject31.bin

image32.wmf
(

)

2

0

2

1

1

z

L

in

z

L

e

ZzZ

e

g

g

+

+

æö

+G

=

ç÷

-G

èø


image1.wmf
0

v

t

t

ρ

¶

Ñ´=-

¶

¶

Ñ´=+

¶

Ñ×=

Ñ×=

B

E

D

HJ

B

D


oleObject32.bin

image33.wmf
(

)

(

)

0

0

0

tanh

tanh

L

in

L

ZZl

ZZ

ZZl

g

g

æö

+

=

ç÷

ç÷

+

èø


oleObject33.bin

image34.wmf
(

)

(

)

0

0

0

tan

tan

L

in

L

ZjZl

ZZ

ZjZl

b

b

æö

+

=

ç÷

ç÷

+

èø


oleObject34.bin

image35.wmf
(

)

(

)

(

)

0

1

1

in

z

ZzZ

z

æö

+G

=

ç÷

ç÷

-G

èø


oleObject35.bin

image36.wmf
(

)

0

tan

in

ZjZl

b

=


oleObject36.bin

image37.wmf
(

)

0

cot

in

ZjZl

b

=-


oleObject1.bin

oleObject37.bin

image38.wmf
j

LL

e

f

G=G


oleObject38.bin

image39.wmf
(

)

2

()1

L

z

j

VzAe

fb

+

+

=+G


oleObject39.bin

image40.wmf
(

)

(

)

2

()

11

L

z

j

Vz

ez

V

fb

+

+

+

=+G=+G


oleObject40.bin

image41.wmf
(

)

22

jzjl

LL

zee

bb

-

G=G=G


oleObject41.bin

image42.wmf
max

min

VSWR

V

V

º


image2.wmf
       

0      

 

v

EjB

HJjD

B

D

w

w

r

Ñ´=-

Ñ´=+

Ñ×=

Ñ×=

       


oleObject42.bin

image43.wmf
1

VSWR

1

L

L

+G

º

-G


oleObject43.bin

image44.wmf
0

0

SWRmax,

L

L

Z

R

ZR

æö

=

ç÷

èø


oleObject44.bin

image45.wmf
2

2

1

Z()

1

jz

N

L

in

jz

L

e

z

e

b

b

+

+

+G

=

-G


oleObject45.bin

image46.wmf
2

0T

in

L

Z

Z

Z

=


oleObject46.bin

image47.wmf
0T0

L

ZZR

=


