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ECOMMS


 
Midterm Exam

         March 12, 2008
Spring 2008 






                    
    10:50-12:50
Student’s Name: 









DIRECTIONS: This exam consists of three parts – Part A, Part B and Part C. Answer all questions in all three parts. This exam is OPEN TEXTBOOK/NOTES, CLOSED COMPUTER/WEB. Calculators are permitted. Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK. List ALL ASSUMPTIONS.
Part A (8 questions @ 5 points each = 40 points)

1. Describe the limitations of a coherent detector system in demodulating standard-AM or DSB-SC signals. How can these limitations be overcome?
2. A digital communications channel has a bandwidth of 1 MHz and tolerates a maximum SNR of 7. What is the maximum data rate allowable in this system for error-free transmission and reception?

3. The signal, m(t) = Amcos(2fmt) is 

(a) An energy signal



(b) A power signal

(c) Both




(d) Neither

4. Write down the time-domain expression for the following frequency-domain signal:

S(f) = (f – 610k) + (f + 610k) + (f – 590k) + (f + 590k)

5. An audio signal needs spectral analysis using an N-point FFT chip, where N = 2m (m = positive integer). The desired frequency resolution is 
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 10 Hz. Calculate: (a) N; (b) the required sampling frequency, 
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; and (c) the time-window for observation, T.

6. A consequence of the Maxwell-Gauss Law for magnetic fields: 
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; is that magnetic monopoles do not exist. If that were NOT true, speculate on the effect this would have on communications systems technology.
7. What is the maximum audio frequency that can be transmitted without loss of quality by an AM radio station?
8. Digital binary messages are converted to analog signals before modulating a sinusoidal carrier using a line-encoder. Two methods for line-encoding are shown below for 1-0 binary message sequence. Figure 8(a) shows Unipolar encoding  and Figure 8(b) shows Polar encoding. Write down the time- and spectral- domain expressions for both these line-encoded sequences. Sketch their spectra.


Figure 8(a): Unipolar line-encoded sequence.      
Figure 8(b): Polar line-encoded sequence.

Part B

9. Perform a spectral-domain analysis of the system shown in Figure 9. In your analysis at each stage of the block diagram, you should provide equations describing the signals in the frequency domain. Also provide sketches of the signal spectrum at each stage, clearly indicating all amplitudes and frequencies. Make other justifiable assumptions as necessary.

 (20 points)


Figure 9: Modulation system.

Part C

10. Instrument Landing System (ILS)
You have been hired by the Philadelphia Airports Authority to design an Instrument Landing System (ILS) for the new runway expansion project. Part of the ILS is a Doppler-based radar system for detecting the speed of landing aircraft. This sub-system will be placed alongside the runway and aimed at the approaching aircraft, whose landing speed will then be transmitted to the control tower. The sub-system consists of a sinusoidal generator, which continuously generates the signal,

s(t) = A cos (2fct)

This signal is beamed out to the landing airplane via a horn-antenna. A similar antenna receives the reflected signal, which is of the form

r(t) = B cos [2fc+f) t]

The situation is shown in Figure 10.


[image: image4.jpg]



Figure 10: ILS sub-system for detecting landing speed

The frequency difference is given by

f = 10 v

where v is the velocity of the incoming airplane in mph.

Design a landing-speed detector subsystem that displays the incoming aircraft speed on a digital display inside the control tower.
(40 points)
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m(t): sinusoidal message;
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r(t) = B cos [2fc+f) t]





s(t) = A cos (2fct)
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