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SCHEDULE

AIR FORCE
'ACADEMY

[ Lesson [ Topics [ Reading [ Notes |
[ 24 T BVP (Capacitor, Coax), Electric Pofential [ 5.16 [ LO53 |
25 Electric Boundary Conditions 5.18-5.22 LO 5.4
26 BC’s/Capacitance 5.23-5.24
27 Electrostatic Lab Lab packet
Chapter 6: Steady Current & Conductivity
[ 28 T Current density, Conductivity, Resistance [ Ch. 6 [ |
\ Chapter 7: Magnetostatics ]
29 Magnetic Fields, Gauss’ Law for Magnetism 7.1-7.3 LO7.1-72GR2
30 Ampere’s Law 7.4-75,7.9 LO7.3
31 Ampere’s Law Applied 7.6-7.8 LO7.3
32 Magnefic Boundary Condifions 7.10-7.14 LO7.4
33 Magnetostatics Lab Lab packet
[ Chapter 8: Time-Varying Fields |
34 [ Faraday’s Law, Displacement Current, MaxwellEqns [ 8.3,8.8,8.9 [ LO8.1
35 | Faraday’s Law, Displacement Current, MaxwellEqns | 8.3,8.8,89 | [08.2-8.3
Chapter 9: Plane Waves in Lossless Media
36 Maxwell’s Equations in lossless, source-free region 9.1-9.2 LO 9.1
37 Maxwell’s Equations in lossless, source-free region 9.19.2 LO 9.1
38 Uniform Plane Waves & Polarization 9.4-9.6 LO 9.29.3
39 Normal Incidence Vol 2,5.6-56.7 LO 9.4-9.5
40 Oblique Incidence Vol 2,5.6-5.7 LO 9.5
41 Oblique Incidence Vol 2,5.6-5.7 LO 9.5
42 Incidence Lab TBD LO9.5
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CH 9 LEARNING OBJECTIVES

9.1

9.2

9.3

9.4

9.5

| understand the process of decoupling and finding
solutions for Maxwell’s equations for dynamic fields.

| can arficulate what a Uniform Plane Wave (UPW) is and
describe key properties that relate the electric and
magnetic field.

| can calculate the electric and magnetic fields for a
UPW.

| can articulate the concept of polarization and
determine the polarization for various UPWs.

| can determine the reflection and transmission of UPW at
a boundary for Transverse Electric (TE) and Transverse
Magnetic (TM) waves, using boundary condifions.
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MAXWELL'S EQUATIONS

Integral Form

Point Form
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MAXWELL'S EQUATIONS: PHASORS

(1) Starting with Gauss’ Law: (4) What is the phasor form of
Gauss’ Law?

V.E= ad ~ 1 ,
£ V- [Re {Ee/wf}] = Re {ﬁvew}
@ Assume that the electric and .
magnetic field are sinusoidally Re {V- [Ee’“’]} = -Re {ﬁvef“”}
varying:

E, H = Agncos (wt — B2 + ¢) Re{[v _ E] ew} _ ;Re {ﬁvejm}
(3) Using a phasor representation

of electric flux density and charge  Gauss’ Law ’
density:

E=Re {Eo-'] v.E_Pv

— F = g (Bz=¢) _ g iBzgld
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FARADAY'S LAW
(1) Using the same approach,  (4) What is the phasor form of

let’s look at Faraday’s Law: Faraday’s Law?
vxE_ 0B vae{E} {—Befw}
ot
(2) Assume that the electric andre { [V y E] o } Re{ Eﬁe/ }
magnetic field are sinusoidally ot

varying:

O hercosiot—szss  RellT xEe -re{[ut]e

(3) Using the phasor Faraday’s Law ’
representations:

E=Re {Ee’“f} V x E = —jwé

H = Re {ﬁle’“’}
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MAXWELL'S EQUATIONS: PHASOR FORMS

General
v.E="v

&
V- B=0

V x H=J+ jweE = (o + jwe) E

V xE= —jwultl

~

V x H= o+ jwe
—— ,

Real

imag

Charge-free Region

E— tan(©) =2
we

Loss fangent
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WAVE EQUATIONS

The phasor form of Maxwell-Faraday and Maxwell-Ampere’s
equations are coupled, partial differential equations. To find a
solution:

¢ Use phasors to find time-independent expressions

e Decouple equations

* Solve resulting 2nd order ODEs using normal methods
¢ |nterpret results

Phasor Forms

V x E = —juuH VXF/Z(O’-}-]WE)E
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DECOUPLING MAXWELL'S EQUATIONS

Starting with Faraday’s law: Your turn — decouple starting

- - with Ampere’s Law...
V x E=—jwuH

VxVxE=Vx(—jqu/)

v (Yﬂo— §2E = —jwu (V X F/)

Ampere: V x H =jw6E

GQE — VQE =0
V2 = jwp (o + jwe)
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HELMHOLTZ WAVE EQUATIONS

¥ = jwp (o + juwe)
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