
Waves I EE241 Autumn 2005–2006

Len Tyler Nov. 2, 2005

Problem Set #6

Due Date: Wednesday, November 16, 2005. Submit in class, or outside Packard 331 before 4:30 PM.

Reading Assignment:

“Reader” Chapter 6, 7 & 8

R W & VD Sections 6.1-6.3, 6.5-6.8

Problems:

1. Sawtooth Interface [25 points]

An interface separates two semi-infinite lossless dielectrics where medium 1 is free space and

medium 2 has relative permittivity of 4.0. Suppose the division between the two media is a

triangular shape in the x-z plane (no variations in y) with apex angles of π

2
and with side

lengths that greatly exceed the wavelength so that local variations are essentially the same

values as from an infinite plane interface.

(a) For normal (to x-y plane) incidence from region 1 or 2, are the refracted waves plane? Are

the reflected waves plane? In both cases neglect edge (tip) effects so that all interaction

is along the flats, but consider the interaction of waves from multiple surfaces. Explain

your answer. [5 points]

(b) Find the electric, magnetic, and power reflection coefficients for plane TM (H is perpen-

dicular to plane of paper) wave incidence from medium 1 to 2 and again from 2 to 1. [7

points]

(c) Repeat for TE ( ~E is perpendicular to plane of paper). [5 points]

(d) Application: Design a roadway reflector, using only dielectrics and no curved geometry

that is as bright as a perfect plane mirror, for red light (λ0 = 0.7µm in free space. Is

there some way that is better than a plane mirror? Explain. [8 points]
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2. TE Brewster Angle [25 points]

Assume that a TE plane wave is incident on a dielectric boundary with ε1 = ε2 and µ1 6= µ2.

(a) Derive the expression for reflection co-efficient (ρTE similar to ρTM in the reader). [15

points]

(b) Also derive the expression for the critical angle (like Brewster angle for TM) where the

reflection co-efficient drops to zero. [10 points]

3. Exponential Transmission Line [25 points]

Consider an EM transmission line with differential (per unit length) inductance (L) and ca-

pacitance (L) varying along the length, say along z-direction as,

L = L0e
−2νz

C = C0e
+2νz

(a) Derive the wave equation for the exponential transmission line. [7 points]

(b) Determine the cut-off frequency (Minimum frequency that will be needed for a propagat-

ing component) for the transmission line. [5 points]

(c) What is the general solution for the voltage and current for a fixed frequency? [7 points]

(d) What is the phase velocity of the propagating wave and impedance of the transmission

line at high frequencies? [6 points]
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