ELEC-E4130 Electromagnetic fields Midterm 1, October 20, 2022

Answer all questions on the provided separate answer sheets. No calculators or own pa-
pers are allowed. Submit at least one answer sheet with your name and student number.
All answer sheets must be returned, including sketches and empty ones. You can keep
this question sheet.

1. Answer the following briefly (2 points each). Verbal explanations are preferred over
formulas.

(a) State the divergence theorem in words.

(b) Explain Lenz’s law.

(c) What is meant by the polarization of a plane wave? When is a wave circularly
polarized?

(d) Define critical angle. When does it exist at an interface between two non-magnetic
media?

2. All electromagnetic fields satisfy Maxwell’s equations in any medium for any sources.
Instead of solving these equations simultaneously, we can formulate separate wave
equations for E and H, but several assumptions about the medium and sources are
needed to get there. Derive the homogeneous vector wave equation
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and describe all assumptions that are needed at each step in the process. (8 points)

3. Medium 1 (z < 0) is free space and medium 2 (z > 0) is a lossless dielectric with
& = 4. The incident wave in medium 1 is given by the vector phasor

E; = ayEoe /A1, B1 = ko = w/HpEo.

(a) Determine the reflection and transmission coefficients. (3 points)
(b) Express the total electric field (vector phasor) in medium 1. (3 points)
(c) Determine the standing-wave ratio in medium 1. (2 points)

Vector identities from the back cover of Cheng’s book:

A-BxC=B-CxA=C-AxB V-(AxB)=B-(VXA)-A-(VxB)
AX(BxC)=B(A-C)-C(A-B) V-VV =V

V(pV) =y¢VV +VVy Vx(VXA)=V(V-A)- VA

V. (PA) =V -A+A-Vy VX(VV)=0

VX(WA) =PV XA+ (V) XA V- (VXA)=0
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