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ECOMMS


 
Midterm Exam

          March 8, 2004
Spring 2004 






                    12:40 – 2:40 PM
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 BOOK/NOTES. Calculators are permitted. Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK.

Part A (8 questions @ 5  points each = 40 points)

1. A discrete source generates a total of 100 messages. The prevailing electronics limits the transmission time for each message to 0.1 s. What is the maximum possible source data rate that a communications system can offer for transmitting these messages?

2. What are the differences between power signals and energy signals? What kinds of signals are generated by the HP 33120A Arbitrary Waveform Generator? What kinds of signals can be analyzed by the Agilent Infinium Oscilloscope?

3. A signal has the amplitude and phase spectra shown in the figure below. Write a time-domain expression for the signal.
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4. Suggest ideal spring-break activities for

(a) Yourself:

(b) Dr. Mandayam:

5. How many radio stations can be accommodated in the AM broadcast band 540 – 1700 kHz?

6. An audio signal needs spectral analysis using an N-point FFT chip, where N = 2m (m = positive integer). The maximum frequency resolution desired 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.

7. A 20 V peak-peak, 650 kHz sinusoidal carrier signal is amplitude modulated to a depth of 80% with a 1 kHz single tone.

(a) Write down the expression for the time-domain AM signal.

(b) What is the average power in the carrier component in the AM signal?

(c) What is the average power in each of the sidebands?

(d) What is the modulation efficiency?

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. The year is 2024 and the recent human missions to Mars have been spectacularly successful. In continuing this effort towards permanent settlement and increasing the comfort of the astronauts during the 6-month journey, NASA has decided to seek alternatives to the transportation and storage of food supplies. The intent is to synthesize food as needed on-board the spacecraft using a food “Replicator.” As the senior electronics design engineer on this project (who passed ECOMMS), you will begin by calculating some system specifications. Assume that you want to replicate a large Papa John’s pizza (mushrooms + green peppers + black olives). 
(a) What is the minimum size of the replicator memory buffer required to store the information encoded in a typical large pizza? 
(b) If you are allowed only 1-second for synthesizing a meal, what is the required data transfer rate?

(c) What is the minimum required memory bus bandwidth assuming a worst case SNR of –3dB?

(d) Comment of the feasibility of your design based on existing electronics capabilities.

Here are some assumptions and useful data that you may use for arriving at your design specifications:

· The information required to encode any object can be based on the number of allowable states (energy level, orbit and spin) that each electron in the object can take.

· Food from typical animal and plant sources can be assumed to be mostly (85%) water. H2O molecules contain 1 electron for each H-atom 8 electrons for each O-atom. Assume that each of these electrons can occupy one of 10 states with equal probability.

· There are 6.023 × 1023 molecules/mole of water. (This is NA, Avogadro’s Number). 1 mole of water has a mass of 18 g.

Make other justifiable assumptions as necessary. Show all work – you will be graded on the technical merits of your argument and your demonstrated skill in applying ECOMMS design equations for arriving at the required project specifications.

(40 points)
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