
[image: image1.emf]
	King Fahd University  
	[image: image2.png]Wndy
&g‘:“his:, %
ST R

llll v

1963 \YAY

7

&
a
D
o=
Z
2,




	of Petroleum & Minerals


Department of Electrical Engineering

EE 418 Introduction to Satellite Communications 
Major Exam I

Sunday, 28 October 2007
5:30 pm – 7:30 pm

Name:


ID:


Instructor:    Dr. Wajih Abu-Al-Saud

	Problem
	Score
	Out of

	1
	
	40

	2
	
	25

	3
	
	35

	Total
	
	100


Good luck!
Important Constants:  

Duration of Earth’s day  (  24 Hours.


Kepler’s constant  =  3.986 * 105
km3/s2

Earth’s average radius  =  6378 km

 
Speed of light = 2.998 * 105 km/s
Problem 1: [40 points]

A satellite orbits Earth in a circular equatorial orbit with altitude of 16,000 km in the same direction of Earth’s rotation. At 1:00 pm, this satellite was visible from KFUPM (26.3( N,  50.1( E) at a distance d = 17,681 km away and an elevation  El = 40.83( towards the South-West. Find:

a) sub-satellite point (Latitude and Longitude) of satellite at 1:00 pm  
            (20 points)
b) sub-satellite point (Latitude and Longitude) of satellite at 3:00 pm  
              (8 points)
[if you could not solve part (a), assume the sub-satellite point at 1:00 pm 

to be (0( N,  35.6( E)].

c) look angles (El and Az) and distance (d) to satellite from KFUPM at 3:00 pm.  
(12 points)  
[if you could not solve parts (a) or (b), assume the sub-satellite point at 

3:00 pm to be (8.4( S,  36.4( E)].
Problem 2: [25 points]

A satellite with a circular equatorial orbit is orbiting Earth at an altitude of 25,000 km in the opposite direction of Earth’s rotation. A supersonic airplane is flying just above Earth’s surface on the equator and in the same direction of Earth’s rotation at a speed of  500 m/s  with respect to Earth’s surface. At 12:00 pm, the satellite passed exactly above the airplane. If the satellite was transmitting a 6 GHz signal towards the airplane, find:

a) the central angle ( at Earth’s center separating the satellite’s position
  (8 points)


from the airplane’s position at 1:00 pm.

b) distance (d) between the satellite and the airplane at 1:00 pm.

  (7 points)

c) frequency of the signal received by the airplane at 1:00 pm. 

  (8 points)

Hints: Don’t forget the effect of Earth’s rotation. Also, the sine law shown below for any triangle with sides of length (A, B, and C) and angles (a, b, and c) may be useful.
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Problem 3: [35 points]

A satellite is launched in an elliptic equatorial orbit opposite to earth’s rotation. The eccentricity of the orbit is 0.6 and its period is 10 hours. Find: 
a) The semi-major axis distance.






(6 points)
b) The semi-minor axis distance.






(6 points)
c) The altitude of the satellite at the apogee point.




(6 points)
d) The speed of the satellite at the perigee point.




(6 points)
e) During a particular orbit of the satellite, its perigee point was over

(5 points)

longitude 35( E, over what longitude will its perigee be in the next orbital 
period. 

f) If the eccentricity of the orbit of this satellite is modified to be  0.854,

(6 points)

the satellite will crash into Earth surface before it approaches the perigee. 
Determine the speed of the satellite when it hits the surface of Earth.  
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