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ECE342 EMC Homework 6

1. From the class notes find the capacitance per unit length “C” of a coaxial transmission line by dividing our result by the line length.  Likewise, in Homework # 4, we found the inductance of a length of coaxial cable.  Once again, by dividing by the length of the cable, you can find the inductance per unit length, “L”.  Show that the vp of the V and I waves, given by vp = 1/sqrt(L C) is equal to the vp of the EM wave traveling between the conductors in the dielectric, which we have shown found to be given by vp = 1/sqrt(με).  In other words, show that, at least for the case of the coaxial cable transmission line, 

           L C = μ ε   (“boundary conditions” require this result to be true for ANY transmission line.)

2.  A parallel-wire transmission line with wire radii rw1 and rw2 and center-to-center separation “s” is drawn below:  You are to find the capacitance per unit length of this transmission line.


(a) Assume that the left conductor has been charged to “q” coulombs per unit length, and the right conductor has been charged to “-q” coulombs per unit length by putting a dc voltage source of “V” volts across the two conductors. Consider a section of line that is “Length_line” long.  First find the E field set up by this section of line along a line that joins the wire centers for rw1 < x < s-rw2.  (Hint: use symmetry considerations, apply Gauss Law for the Electric Field to each line acting alone.  Note that with each line in isolation, the charges are uniformly distributed across the cross-section of each conductor.  In reality, the charges are NOT distributed uniformly when the conductors are closely spaced, due to the interaction between the two charged wires, but we will ignore this effect, which is called the “proximity effect”.  Thus our result will hold precisely only for a two-wire line with relatively narrow wire radii rw1 and rw2, that is, our result will yield accurate results whenever s >> rw1, rw2.)

                                  Answer: E(x) = q[1/(2πεx) + 1/(2πε(s – x))] ix
(b)  Now calculate the voltage between the two conductors by evaluating 
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                                   Answer: 
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(c) Now solve for the capacitance C = Q/V = q*Length_line/V, and divide by the length of the line to find the capacitance per unit length, C.
                                   Answer: C = 
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3.  In this problem we shall find the expression for the inductance per unit length of the parallel wire line of Problem 2.  Imagine that the left wire carries current I into the paper, and the right wire carries current I out of the paper.  Because the magnetic flux lines are in opposite directions in regions that are not in between the two conductors, and anti-symmetric flux distributions are created on either exterior side, we need only consider the flux that circulates in between the conductors in calculating the inductance of the parallel wire line.  

(a).  By superimposing the results for an individual current-carrying wire in isolation, find the magnetic flux density flowing downward through the rectangular strip between the two conductors that is due to the current “I” flowing through these two lines.  (Once again this is an approximation that holds best for very thin wires.)  
  
                                        Answer: B = 
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(b).  Find an expression for the net magnetic flux cutting the rectangular strip (dotted line in the drawing) between the two conductors.  Note that this strip has length “Length_line” and width “s –(rw1+rw2)”.  Hint: If integrating using MAPLE, use the “AllSolutions” option.  For example, if you were integrating 1/x, you would type:  int(1/x, x = a..b, AllSolutions);

                       Answer: 
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(c ).  Find the inductance of this section of line by dividing the flux created by the current “I” that creates it, and then divide by the line length to find the inductance per unit length, L.
                      Answer:  L = 
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(d).  Show for the thin-conductor, parallel-wire line, just as for the coaxial line, L C = με    

4.  A parallel-wire transmission line is made from two bare wires suspended in air, and each have radius 6.3 mil, and their centers are separated by 100 mil.  Find the inductance per meter, the capacitance per meter, the velocity of propagation, and the characteristic impedance Zo.  (Ans: 1.08 μH/m, 10.29 pF/m, vp = 300 m/μs, Zo = 323.9 Ω)    (Use the approximate formulas in Problems 2 and 3.  (1 mil = 0.001 inch = 2.54E-5 meter)
                                    (Assume that μo = 4π x 10-7 H/m, and εo = 10-9/(36π) F/m)
5.  Text Problems 4.2.3 and 4.2.9 (Ans: 53.8 pF/m, 0.299 uH/m, vp/c = 0.831, Zo = 74.6 Ω, vp = 249 m/μs)

6.  Text Problem 4.3.1 and 4.3.8       (Answers in textbook.)

(Submit the PSPICE verification; include both the schematic and PROBE plot. Use “T” component for transmission line, double left click on the transmission line symbol and the Property Editor window comes up.  Scroll to the far right and set its delay time Td = 1 nS and set Zo = 50 ohms.  Use “VPULSE” component for 10 V switched on source.  Set it to generate a pulse whose duration is longer than 10 ns, so it can model the “switched on” 10 V source.  For this problem, suitable parameters for VPULSE are: V1 = 0, V2 = 10V, TD = 0, TR = 0, TF = 0; PER = 200NS, PW=20NS.)


7. Text Problems 4.3.6 and 4.3.13 (Answers: 621.06 m, 75 Ω)
(Submit the PSPICE verification – both schematic and PROBE plot.  Simulate the circuit with the calculated line length converted into its corresponding line propagation delay, and the terminating resistance set to 75 ohms, and show that the Vin(t) waveform given in the problem results)

8. Text Problem 4.3.7 (Answers: 80 Ω, 262.9 Ω.)  (No need to verify in PSPICE, unless you want to!)
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