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King Fahd University of 
Petroleum and Minerals

Department of Electrical Engineering

EE 418 Introduction to Satellite Communication
Section 01 (071)

Homework Assignment # 1 (Due Sunday, 21 October 2007)

Note: You may discuss how to solve this assignment with your colleagues (a maximum of 3 students per group), but please submit individual solutions. If you work in a group, please indicate the names of the members of your group on your solution. Also, note that the smaller the group you work in, the more tolerant I will be when grading your HW assignment.   

1. Solve Problem 2 on page 55 of your textbook [parts (b) and (c) only].

2. Solve Problem 3 on page 55 of your textbook.

Notes:


Part (a):  the maximum frequency shift (or Doppler shift) occurs when the observer is stationary in the orbit of the satellite so the satellite will be heading directly towards or directly away from the observer.

Part (b):  you can easily compute the angle at which the satellite is approaching or departing the observer by observing that the two angle ( and ( are equal in the following figure. To solve this part, you may assume that the satellite is placed in an orbit over the Equator going in the same direction of Earth’s rotation (from West to East) and the observer is also located on the equator. Include the effect of Earth’s rotation around its axis. As the satellite rises from the West, it is approaching the observer but the observer is moving away from it due to Earth’s rotation and as the satellite is setting in the East, the satellite is moving away while the observer is moving closer due to Earth’s rotation. What matters when computing the Doppler’s frequency shift is the relative movement of the satellite and the observer.
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3. A satellite orbits Earth in an elliptic orbit in the same direction of Earth’s rotation. The Perigee of this satellite’s orbit has an altitude of 1,200 km and its Apogee has an altitude of 33,000 km. Find the following:

a) The orbital period T of this satellite in seconds format and also in Hours + Minutes + Seconds format.

b) The eccentricity of the orbit of the satellite.

c) The speed of the satellite at the perigee point.

d) The speed of the satellite at the apogee point.

e) In one of its orbits, the satellite at the perigee point was located over the city of Sao Paulo, Brazil (located at 23.3( S and 46.6( W). Over what city will the satellite be when it reaches the following apogee point? (Remember that the perigee, apogee, and center of Earth all fall on a straight line and that Earth rotates around its axis once every sidereal day. Once you obtain the coordinates of the satellite, use Google Earth or any other accurate map to locate the city under the satellite).

f) What are the Look Angles and distance to the satellite relative to an observer in Caracas, Venezuela when the satellite was at the perigee over Sao Paulo, Brazil? Is the satellite visible to the observer or not? Explain.

g) What are the Look Angles and distance to the satellite relative to an observer in Dhahran, SA when the satellite was at the apogee over the city found in part (d)? Is the satellite visible to the observer or not? Explain

4. Solve Problem 5 on page 55 of your textbook. 

Note:   Remember that because a satellite passes over a specific point on earth every 4 hours does NOT mean that the period of the satellite is 4 hours because Earth rotates around its axis. By the time the satellite makes a complete rotation (360(), that specific location on earth would have moved to another location (when the satellite and Earth rotate In the same direction) so the satellite must have a period less than 4 hours to reach that location in 4 hours. 

5. Solve Problem 9 on page 56 of your textbook. 

6. As Muslims, we pray heading towards Makkah where direction of Mecca is considered to be in the direction of the shortest path between your location and the location of Makkah. Many Muslims living in the USA make the mistake of praying facing a direction between the East and South-East which appears to be correct when observing the location of cities in USA relative to Makkah on a flat map. However, this is clearly not correct when using a spherical map. By considering the equations used for finding the look angles to a satellite, compute the Azimuth angle of Makkah for an observer located in San Francisco, USA and show that when praying, the observer should be heading almost North (Assume the altitude of the satellite is 0 km, and note that when you compare the location of Makkah with San Francisco, Makkah will be to the North East of San Francisco). 
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