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ECE554 Homework Assignment 3
1) Text Prob. 1.3.  The high-pass filter section is like the low-pass section discussed in the class handout, except the position of the R and C elements have been exchanged.    

a) Following steps similar to those in the class handout, show that the differential equation for the high-pass section is



          dy/dt + y/(RC) = dx/dt

b) Assuming that x(t) = u(t) volts (x(t) = 1 volt for positive time, and 0 volts for negative time) and that if the capacitor is initially uncharged (implying that the voltage across the capacitor is initially 0 and  thus y(0+) = 1 volt, since there is initially NO voltage drop across the capacitor), then show for t > 0 that the unit step response of the high-pass filter section is given by


                   y(t) = exp(-t/RC)      t > 0

Plot the unit step response, and be sure to label values of y(t) at the times t = 0, t = RC (the time constant), and t >> RC.

c) Write the sinusoidal steady-state (phasor) equation equivalent to the differential equation in Part A.  Please remember that phasor quantities are CAPITALIZED and OVERLINED (or boldfaced, if typed).  

d) Solve for the transfer function Y/X.  Plot BOTH the magnitude and phase of the transfer function.  Be sure to label the values of the magnitude and phase at the angular frequencies ω = 0, ω = 1/(RC) (the break frequency), and ω >> 1/(RC).
(Ans: |Y/X| = (ωRC/sqrt([ωRC]2+1), ang(Y/X) =  arctan(1/(ωRC))

2) Text Prob. 1.5 (Ans: Vb = 0.345 cm3)
Hint: The differential expansion coefficient of mercury (Hg) is given in the problem as:                                                        K = 1.82*10-4 mL/(mL*C)
in the vicinity of room temperature (24 C).  Assume that this thermometer is used to measure temperatures in a room, so this value of K can be assumed to be a constant.  Next, recall that 1 milliliter, 1 mL = 1 cm3.  This coefficient of expansion “K” may be defined as the fractional change in the volume of Hg per degree centigrade, that is K = (deltaV/V)/degree_C.  Thus, if the thermometer bulb contains volume “Vbulb” of Hg whose temperature is in the vicinity of room temperature, then the change in volume of the Hg in the thermometer bulb for a 1 degree C rise in temperature is given by          
                                                         deltaV = K*(Vbulb)(1 degree C)
This deltaV volume change has nowhere to go except up into the fine cylindrical capillary tube where the height of the Hg is read as a temperature change.  Therefore, you need to relate deltaV to a 2mm rise of Hg in the capillary tube, and then solve for the required bulb volume, Vbulb.  Note that we are neglecting the very small amount of Hg in the capillary tube, compared to the much larger volume of mercury in the bulb, Vbulb.

3) (Not in book)  Estimation of the bandwidth of a periodic signal via Fourier Analysis.

[image: image1]
a) Review the attached information on trigonometric Fourier series representation of periodic signals.  Then find the Fourier series expansion of a 2-V peak-peak triangle waveform that oscillates at a frequency of 2 kHz.  Let the minimal waveform value be 0 V.  Assume that the positive peak is 2 V at t = 0.   Show that a0 = 1 V,   an = 0 for n = 2, 4, 6,...; an = 8/(n^2*pi^2) volts for n = 1, 3, 5,....; and bn = 0 for all n (for even symmetry).  If you cannot put your results in this same form, at least  show that your resulting expressions yield the same numerical values as those listed above for the first 10 harmonic components.  (Hint: Use the MAPLE integration function “int( )”.  For example, in MAPLE, the integral of exp(-t) from 1 to 2 is given by int(exp(-t), t = 1.0..2.0) = 0.232.  (But if you use MAPLE, please include your MAPLE worksheet.)
b) If we decide to neglect harmonics whose amplitude are < 2% of the fundamental (first harmonic) amplitude, what is the effective bandwidth (BW) of this signal?  Establishing the bandwidth of the signal to be measured is a very important design issue that the instrument designer must consider!  (Answer: BW = 14 kHz)
c) Now repeat your analysis for a periodic signal that contains sharper edges.  This time, consider a periodic rectangular pulse waveform with a relatively short pulse width.  Let one period of this waveform extend from t = 0 up to t = 0.5 ms, and assume the waveform is 5 V between 0.2 ms and 0.3 ms, and it is 0 for 0 < t < 0.2 ms and 0.3 ms < t < 0.5 ms.  Note that this “rougher” waveform has a fundamental frequency of 2 kHz, and an average value of 1 V, just like the smoother triangle waveform analyzed above.  Once again, find the bandwidth of this signal by calculating the strength of increasingly higher harmonic components.  (Answer: BW = 156 kHz)  HINT: I strongly suggest using the MAPLE "for n = 1 to 100 do" loop (see MAPLE Help for a description of the MAPLE “for loop”) with an embedded MAPLE "print" statement that will print the first 100 "an" and "bn" trigonometric Fourier series coefficients.  
The reason that I recommend that your perform an exhaustive search of the first 100 harmonic terms is because the amplitude of these coefficients does NOT fall off monotonically as they did in the previous waveform.  Via such an exhaustive search, you should be able to demonstrate that the 78th harmonic is the highest harmonic that has an amplitude greater than 2% of the fundamental (1st harmonic) amplitude), and thus it is this harmonic component that sets the BW of the waveform according to our, somewhat arbitrarily defined, "2% of the amplitude of the fundamental" BW definition.  

Your MAPLE printout should be included in your HW solution to document your solution.
d) What general statement might be made about the bandwidth of signals containing sharp edges?


 ECE554 Homework Assignment 4
1. Text Prob. 1.8 (Answer: f = 3.15 Hz, phi = -21.6 degrees)

2. Text Prob. 1.9  --- But find the peaks of the underdamped 2nd-order system step response in two different ways.  


Part A. Approximately finding location and values of the peaks in the step response  First assume that the peaks of the step response occur right when the sin( ) function passes through values of -1.  Recall that this was the same assumption that was made in Example 1.2 from the textbook, that was discussed in class.  But note that this approximation only holds well for low values of zeta (damping ratio).  This is because we are ignoring the effects of the exponential decay term in the underdamped step response equation (Eqn 1.35 of the text).

(Partial Answer: your plot should show a 2nd-order LPF underdamped (overshoot-undershoot) oscillating response.  Using the assumption mentioned above, you should be able to show that the first peak in the step response occurs at y(7.26 ms) = 12.3142 V.  The y(t) waveform should asymptotically approach y(large time) = 10 V)  

Part B. Accurately finding the location and values of the peaks in the step response  Use MAPLE to find the peaks using calculus (set dy/dt = 0), this method takes the exponential decay term as well as the sin( ) term into account, so it will be MORE ACCURATE than the result of Part A..  Note that in MAPLE, the “fsolve” numerical equation solver function lets you specify a range of values over which a solution is to be searched.  For example, to specify a range of time 0 < t < 0.01 s over which to search for a solution to equation “eq1”, you would type:





t1 := fsolve(eq1,t,0..0.01);

and to search for a solution to “eq1” between t = 0.01 s and t = 0.03 s, you would type





t2 := fsolve(eq1,t,0.01..0.03);

(Partial Answer: When you find the peaks more accurately using Calculus, you should be able to show that the first peak is actually at y(6.42 ms) = 12.54 V,  and the second peak occurs at y(19.25 ms) = 10.164 V.  The y(t) waveform should asymptotically approach y(large time) = 10 V)  

3. Text Prob. 1.10.  Use the assumptions of Part 2(A) of the problem above (the same ones made in textbook Example 1.2) to solve this problem.

{Answer: zeta = gamma/sqrt(pi^2+gamma^2)
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