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ECOMMS


 
Midterm Exam

         March 11, 2009
Spring 2009 






                    
    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/ CALCULATOR and CLOSED COMPUTER/ WEB/ PDA/ CELLPHONE.

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. A discrete source generates a total of 1,024 messages. Calculate the maximum possible source rate that a communications system can offer for transmitting these messages, if the time required to send each message is 1 s.
2.  Why are message signals translated from baseband to bandpass, before entering a communications channel?

3. What is the maximum carrier signal amplitude allowable for a 10 kW AM station operating at a carrier frequency of 640 kHz?

4. A time-domain rectangular pulse (t/1ms) is filtered using a low-pass filter with a cut-off frequency of 2 kHz. This filtered pulse is sampled every 200 s. Sketch the spectrum of this filtered and sampled waveform.
5. What is the advantage of using the discrete Fourier transform to calculate the continuous Fourier transform of a time-domain signal?
6. Sketch the spectrum of an envelope-detected single-tone AM signal, clearly indicating the harmonic distortion and ripple.

7. What are you going to do during Spring Break? What do you think that Dr. Mandayam should do during Spring Break?
8. Are there any limitations to the Costas-PLL in demodulating AM/DSB-SC signals? How can these limitations be overcome?

Part B

9. The circuit shown in the figure below is known as a square-law modulator. The non-linear device transforms the signal applied to its input v1(t) into a signal v2(t) given by the square-law

v2(t) = a1v1(t) + a2v12(t)    


(1)

where a1 and a2 are constants.

In this case, the input signal to the non-linear device is given by

v1(t) = c(t) + m(t)       



(2)

where c(t) is a sinusoidal carrier signal and m(t) is a message signal, given respectively by

c(t) = cos(2fct)         



(3)

and

m(t) = cos(2fmt)       



(4)

Assume that fc >> fm. The band pass filter (BPF) at the output of the circuit has a frequency response as shown in the figure.

(a) Provide time-domain expressions for v1(t), v2(t) and v3(t).

(b) Provide frequency-domain expressions for V1(f), V2(f) and V3(f).

(c) Sketch the amplitude spectra of V1(f), V2(f) and V3(f).

(d) What type of modulation does this circuit provide (Standard-AM or DSB-SC)? Provide reasons for your answer.

(20 points)


Figure P.9: Square-law modulator.
Part C

10. Video Surveillance System for the US Navy
The next generation of ships that are being deployed by the US Navy are required to operate with significantly low manning – i.e. the number of sailors present on naval vessels must be < 70. Diagnosis and preventive maintenance of shipboard systems, especially in the engine-room, becomes more challenging under such circumstances. The Navy has arrived at a clever solution for this problem – install a surveillance video camera in the engine room, transmit the video stream to shore, recover the signal and analyze for anomalous indications (either manually or automated, with some supervision).
Design a Ship-to-Shore Video Surveillance System for this application. Your design should address the following points (and is not limited to only these):

(a) Your assumptions, clearly stated, for addressing the problem.

(b) The overall block-diagram of your system-level design.
(c) The protocols/methods that you will use for acquiring baseband signals on the ship, translating into bandpass for communications to shore, and recovering the baseband signal for analysis at the remote shore location.

(d) Circuit/chip details (if available) of the sub-systems that comprise each block in your system diagram including any numerical calculations that will demonstrate the rigor of your design.
You will be graded on the technical, commercial and aesthetic merits of the case that you make for your proposed design solution.
(40 points)
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