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ECE342 EMC HW8 (Due Thursday, November 9, 2006)
Note: To minimize your workload in this busy final week, a MAPLE worksheet is sufficient solution for this HW assignment, as long as you are careful to label each problem in your MAPLE worksheet, BOX YOUR ANSWERS, INSERT UNITS on the answers, AND include sufficient supporting textual comments in order to fully explain and document your solution steps using MAPLE “text blocks” (Control – T).
1) Use MAPLE to show that the trigonometric coefficients for the Fourier Series representation of the x(t) waveform of Figure P3.1.5 at the bottom of p. 169 of our text is:  ao = 0 (for n = 0,1,2,3,4,5…); bn = 0 (for n = 4,8,12,16,…); bn = 6/(nπ) (for n = 1,3,5,7,…); and bn = -4/(nπ) (for n = 2,6,10,14,….).

2) A 10 MHz clock oscillator has the 0-5V, 50% duty cycle, clock waveform with rise and fall times of 20 ns, as shown below.  You are to find the amplitude of the 11th harmonic of the Vg(t) waveform in Figure P3.2.1 on p. 172 of the text.

a) First use MAPLE to find the trigonometric Fourier series representation of the clock waveform (you need NOT simplify the result MAPLE gives as you were required to do in Problem 1), and from this, find the amplitude of the 11th harmonic at the output of the clock oscillator. Remember the amplitude of the 11th harmonic is sqrt(a112 + b112).  (Answer: 0.0246 V => 87.82 dBμV)

b) Then find the amplitude of the 11th harmonic at the gate terminals in dBμV. 
(Answer: V = 0.004981 V => 73.95 dBμV)

c) By how many dB has the 11th harmonic amplitude been reduced as it passes through the low-pass filter formed by the 100 ohm resistor and the 50 pF and 20 pF capacitances?
(Answer: 13.87 dB)

d) Now we shall check our results using a PSPICE simulation.  PSPICE has the capability to peform Fourier Analysis via the Fast Fourier Transform (FFT).  To do this, construct the circuit and perform the normal Time Domain Transient simulation, plotting both Vc(t) and Vg(t).  Your VPULSE generator should be set up for TF=TR=20ns, TD=0, PW=30ns, and PER = 100ns in order to get the Vc(t) waveform plotted below. Your simulation profile should be set up to simulate 8 cycles of the waveform from 0 to 800 ns, that way we can be sure that the simulation has reached steady state.  The PSPICE program determines the Fourier coefficients of the LAST cycle of the waveform, since the last one is the one most likely to have reached steady state (See p. 156 of our textbook). Now plot the spectrum of the time domain “Probe Plots” by clicking on Trace – Fourier.  Then select the desired waveform and click the “Toggle Cursor” button to enable the cursors, and with the cursors placed to the left of the screen, hit the “Cursor Peak” search button several times until the cursors locks on to the spectral peak at 110 MHz (the 11th harmonic).  The peak value represents the strength of the 11th harmonic of the selected waveform.  Mark this value using the “Mark Label” button.   Submit (1) your PSPICE schematic (2) your time-domain plots of Vc(t) and Vg(t), (3) Spectral plot with 11th harmonic peaks marked, as indicated above. Your peaks should be close to those calculated above.
3) Referring to the circuit of Fig. P8.1.2 on p. 551 of the text, calculate the voltage measured at the spectrum analyzer at 100 MHz if the antenna factor at 100 MHz is 15 dB and the antenna is oriented parallel to and in the plane of the wires.  Ignore loss in the coaxial cable. (Ans: 111.5 dBμV)

4) Text Problem 8.1.3 (p. 551 text)  Hint: you must halve Ic in text equation for Ec,max (8.16), since  this equation was derived assuming there were TWO wires carrying current Ic in the same direction. (36.6 dBµA)

5) Text Problem 8.1.5 (p. 552 text) Hint: Once again Ic in (8.16) must be halved, as this is a single wire.  (38.9 dBµV/m, It passes the Class B test at this frequency.)

6) Text Problem 8.2.2 (p. 554 text)  Hint: Note this is NOT a Hertzian dipole!  So use half-wave dipole results for field strength and radiation resistance as discussed in class.  (My answer was slightly different from the answer given in the text: 122.0 μA/m.)

7) Text Problem 8.2.3 (p. 554 text)  Note in this problem that for the Poynting Vector 
(E x H) to point along indicated direction of propagation, the H field must point OUT OF PAPER, so Hn is negative, since Hn was referenced positive into the paper when the voltage source polarity signs were assigned in the derivation presented in class.  (My answer is |Vs| = +17.27 mV, since the magnitude of a phasor voltage is always positive.)

8) Text Problem 8.2.5 (p. 555 text)  Hint: note that once again Hn is negative, since the H field once again points out of the paper.  (My answer is slightly different from that given in the text, |Vout| =  +9.31 mV.)

9) Text Problem 8.2.6 (p. 555 text) Hint: you must make use of the “Friis Transmission Equation” (Equation 7.71 in our textbook) to determine the maximum possible intensity of the E field at a distance of d meters from an antenna radiating PT watts with a gain G (use its absolute value, not it’s dB value).  Though this equation is derived in Chapter 7, we have not had time to study this in class.  However, we can still make use of this very useful, practical equation.  See p. 536 of the textbook for a similar example.  An antenna with an omnidirectional pattern (radiates equally well in all directions) has, by its definition, a gain G = 1.  1 mile = 1609.344 m. (Ans: 93.65 dBµV/m)
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