
6.014 Final Exam Solutions 5-00

Problem 1 (25 points)

a) The integral of H around the toroid equals the current flowing through it, or 3 x 5
amperes. But this integral =-HD + Hgd = DB/~ + ~ Where >D'tlJd so that the first term
is negligible and the integral =- dB/~.= dHg, and 9 = 15/d (a m- ). Note that B is continuous

across the gap.

b) L = NI where A = ~HgA3 since B is continuous across the gap boundaries and is
conserved within the toroid as it threads the 31 amperes. Therefore L = ~HgA/5 =

c) The Thevenin equivalent source at the end of the TEM line is twice the forward wave, or
a 0.4 volt step function, delayed by D/c seconds. This charges the capacitor with't == RC == 4Zo x
D/8cZo == D/2c (seconds). The voltage V(z==D) across the load rises instantly to 3/4 of 0.4 volts,
since the C voltage is initially 0. Then it rises further exponentially ('t == D/c) to the open circuit

value of 0.4 volts, which is:
The reflected wave, v_(t) is
given by: v_(t) == 0.4- v+(t.).
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Problem 3. (40 points)

a) They are electric because they are perpendicular to the perfect conductors.

b) ~ecause E is not transverse (implying TM), and there are 1,1,2 half-wavelengths
per side.

c) If= c{ (1/a)2/2+ (1/d)2} 0.5 I

d) Q = OOWT/Pd = 00 2wJ(lYI /2R) = 400 weR/IYI

Problem 4. (30 points)

a) ZLn = -j2, ZAn = l/ZLn (use Smith chart or eqn), ZA = ZJZLn =

I ZA = jZ0/2 I

ZB = Zo = ZA + l/j~. So ZAn = ~ + j since ~ = l/roZo
ZLn ' = l/ZAn, ZL' = Zo(l/(l + j» =1 Zo(1-j)/2 Ib)

Problem 5. (40 points)

a) I = G 100/41tR2 where G = A41t/A 2, soh = 100(D/AR)2 (W/m2) I

b) A = G A 2/41t, G = 3/2, an~Pr = AI = 37.5(D/R)2/1t (v{)

c) I en = AJD radians I

d) P/hf= #photons/sec @ momentum = hf/c. Force = momentum/sec = P/c = 100/c

IF= 33 x 10-" Newtons in the -z direction. I

Problem 6. (20 points)

, Vx(VxQ) = a(a2 fat2)vxR = -ab(a2 fat2) = -v2Q
a)

I (V2 -ab()2 /()t2)Q =01

b) I cQ = (ab)-0.5 I

Problem 7. (10 points)
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a) We = Cy2/21 toA y2/2d [I] I

f= awelad = a {Cy2/2 }/ad. But Y = f(d), so ~ f= a(Q2/2C}/ad

= a(dQ2/2toA }/ad = Q2/2toA = C2y2/2toA =1 toA y2/2d2 [N]
b)
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