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ECOMMS


 
Midterm Exam

          March 5, 2007
Spring 2007 






                    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 TEXTBOOK/NOTES, CLOSED COMPUTER/WEB. 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. An AF signal has a bandwidth of 4-kHz. This signal is to be sampled and analyzed for its spectral components using a 1028-point FFT chip. What is the range of frequencies for which the FFT is a valid representation of the AF signal’s spectrum?

2. Which of the following spectra could represent the spectrum of a time-domain signal, w(t), that can be physically generated in your ECOMMS lab? Provide reasons for your answer.




(a) All of the above.

(b) None of the above.

3. What is the Nyquist sampling rate for the following signal?

w(t) = sinc(200t)

4. How many radio stations can be accommodated in the AM broadcast band 540 – 1700 kHz?
5. A signal has the amplitude and phase spectra shown in the figure below. Write a time-domain expression for the signal.



6. Are you interested in going to grad school? Why, or why not?

7. You are given a pure sinusoid, s(t) = 100 cos(2100t) and a zero-mean, unit variance, Gaussian noise signal n(t) = N(0,1). How would you generate a noise signal n1(t) that can be added to s(t) to obtain a noisy signal s1(t) = s(t) + n1(t), such that the SNR of s1(t) is   –3 dB?

8. If an envelope detector is used to demodulate standard-AM signals, describe (with sketches) the artifacts that are introduced into the demodulated signal, that are not present in the original message waveform.

Part B

9. A commercial broadcast receiver not only has the task of demodulating the incoming RF signal, but must also be able to selectively tune to the carrier frequency and separate the desired signal from other modulated signals that may be picked-up along the way.

The superheterodyne receiver performs these functions in an elegant and practical way – specifically, it overcomes the difficulty of having to build a tunable and highly selective and variable filter. 

A two-stage coherent detection technique is used. In the first stage, the RF signal is shifted down to an intermediate frequency (IF) by multiplying it with a local oscillator frequency that is greater than the incoming carrier. In the second stage, the signal in the IF range is processed through a second coherent detector to bring it down to the baseband.

Consider a standard-AM signal at a station frequency of 800-kHz, single-tone modulation at 80% depth, that is detected by a superheterodyne receiver with an IF of 455-kHz.

(a) Draw a block diagram of the 2-stage superheterodyne receiver system described above.

(b) Perform a time- and spectral-domain analysis as the incoming RF signal is converted to IF and then to baseband. In your analysis at each stage of the block diagram, you should provide equations describing the signals in the time- and frequency- domains. Also provide sketches of the signal spectrum at each stage, clearly indicating all amplitudes and frequencies. 
(20 points)

Part C

10. Inter-planetary teleportation

It’s the year 2407 and NASA has suffered significant budget cuts. The continued operation of the permanent base on Mars, from which all inter-stellar operations are launched, is in jeopardy. NASA has cut funding for the inter-planetary transport vehicle that ferries personnel back and forth between Earth and Mars. NASA’s chief administrator has decided that interplanetary teleportation is “the way to go….”

You are hired as NASA’s lead Telecommunications Engineer for the project. Your first task is to design the memory buffer and the communication link required for teleporting personnel to and from Earth. Being a good engineer (since you graduated from Rowan), you will begin by calculating the following project specifications:

(a) What is the minimum size [Bytes, kB, MB….] of the memory buffer required to store the information encoded from a typical human? (e.g. Freddie)

(b) If you are allowed 1-5 minutes for completing a teleport operation, what is the required data transfer rate for a successful teleport?

(c) Interplanetary conditions being what they are, achievable signal-to-noise ratios for transport are in the range of -30 to -20 dB. What is the minimum communication channel bandwidth [Hz, kHz, MHz….] required for initiating a successful teleport?

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.

· Humans are 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.

(35 points)

BONUS QUESTION:

Based on your calculated project specifications, pretend that you have traveled back in time over four hundred years, to the year 2007. Comment on the feasibility of implementing your design with technology that was current then.

(5 points)
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