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ELECTRICITY AND MAGNETISM I1
Second Midterm Exam (Spring 2017)

Show all your work to receive full credit

# 1 : (13 points)
Consider the propagation of TE waves in a rectangular wave guide with height a and width

b (a > b). The problem reduces to solving
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subject to the boundary condition B+ = 0.
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(a) Solve the equation by separation of variables. (3 pts.)
(b) Reduce the number of independent constants of the solution by applying the boundary

conditions and obtain B,(z,y). Recall that

ik 0B, ik 0B,

Bz = (w/c)? — k? Oz and B, = (w/c)? — k2 Oy

. (3 pts.)

(c) What is the cutoff frequency for the mode with m (n) nodes along the z (y) direction.

(1 pt.)



(d) Find the smallest cutoff frequency. (1 pt.)

(e) State the frequency range for propagation in the z direction. (1 pt.)
(f) State the wave number of the propagation in the z direction. (1 pt.)
(g) Obtain the wave velocity (phase velocity), v, of the wave. (1 pt.)

(h) Obtain the group velocity, vy. The energy propagates with vg. (1 pt.)

(i) Verify that the group velocity is less than c¢. Is the phase velocity smaller or larger

than ¢? (1 pt.)

# 2 : (12 points)
Consider a plane wave with the polarization perpendicular to the plane of incidence. Here

z is normal to the surface and zz is the plane of incidence, i.e. the electric field is in the

y direction (see figure).
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(a) Write down the expressions for the incoming, reflected and transmitted electric and
magnetic fields. (3 pts.)

(b) Impose the boundary conditions given above, and obtain the Fresnel equations for
Eor and Eop. You may use the law of refraction: sin(fs)/sin(6;) = va/v1. Express

the Fresnel equations in terms of a = cos(62)/ cos(6:1) and 8 = piv1/ugve. (6 pts.)



(c) Compute the reflection, R = Ir/I;, and transmission, T = It/I;, coefficients, and
check that they add up to 1. The intensity I; for the incoming wave is defined as

Ir = (1/2)e1v1 E2; cos(0r) and similar definitions hold for Ig and Ir. (3 pts.)
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