WHAT ARE ELECTROMAGNETIC WAVES?

A “wave” is a periodic disturbance propagating through a medium
EM Waves Convey Undulations in EM Fields:
Electric field E

wave veloc%

Magneti¢ field H

A

Magnetic
energy density

Electric and Magnetic Fields are Useful Fictions:
Explain all classical electrical experiments with simple equations

4 Maxwell's equations plus the Lorentz force law

(quantum effects are separate)
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WHAT ARE ELECTRIC AND MAGNETIC FIELDS?

Lorentz Force Law: f =q(E +V x gy H)[Newtons]
E Electric field volts/meter; VV/m]
H Magnetic field [amperes/meter; A/m|
f Mechanical force ‘newtons; N]
q Charge on a particle [coulombs; C]
v Particle velocity vector ‘meters/second; m/sec]
Ho Vacuum permeability H.26 x107° HenriesE

Electric and Magnetic Fields are what Produce Force f:
f
f = qv x uoH when E =0, defining H via an observable

gE when v =0, defining E via an observable
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MAXWELL'S EQUATIONS

Differential Form: 1Tesla = Webers/m? = 104 Gauss
Faraday's Law: [k EE-0Bdt  Gauss'sLaws 3 B p
Ampere's Law: X H= J+0 DJt 3 B O

E  Electric field volts/meter; V/m]

H  Magnetic field [amperes/meter; A/m|
B Magnetic flux density Tesla; T]:

D Electric displacment %oulombs/mz; C/mzﬁ
J Electric current density %mperes/mz; A/mZE
P Electric charge density %oulombs/mS; C/mSE

Integral Form:
[.E+ds=[,~(0B/ot)- da

[.Heds= [, (3+0D/dt)s da

Stoke’s d@ Gauss’ i @\
Theorem = Law a A
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VECTOR OPERATORS L1, %, o

“Del” (L) Operator: Gradient of ¢:  [ES:R/SSERT N RS E

(@ = X0@/0x + Yo@/dy + 20@/0z

“Vector Cross Product”:
A=A, +JAy +2A,

= X(Asz _Asz) +9(AzBx ~AxBz) +
2(AxBy —AyBy )

“Vector Dot Product”: A+B= AyByx + AyBy +A;B;

“Divergence of A”: 3 A0 AG %0 Ayd o Ayd z
x 0§ 2
“Curl of A”: X A= detddx 0gy 09z
Ax Ay A

“Laplacian Operator”: K [(] CP) = D2<P= (GZ/GXZ +62/0y2 +02/522)(P
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MAXWELL'S EQUATIONS: VACUUM SOLUTION

Maxwell’s Equations:

Faraday's Law: [x EE-0 B§t  Gauss'sLaws 3 B 1\
Ampere's Law: x He Sia DJ t 3 B 00U
. 0 B =poH
EM Wave Equation: _ _
D =¢5E

Eliminate H: x (x B-p H0/ )k H)
Useidentity: x (x A0B( -A) 2A
Yields: EIK}\E)QO 2E o (0/0t)(x H)E - poegd2E/ot?

Since:
Second derivative in space = const x second derivative in time,

Solution is any f(r,t) with identical space and time dependences

lHomogeneous Vector Helmholz Equation Lo



WAVE EQUATION SOLUTION

Wave Equation has Many Solutions!
%Ep g @ 2Ep %= 0
Where chp: (az/ax2 + az/ayz + az/azz)cp
Example:
Try: E =9JEy (zt) [nox,y dependence, “UPW’]
(02/622 )€, - HogodEy fot? =0
Ey (z,t) =E4 (t —z/c), where E, () is an arbitrary function

Test: (—c) P E (t-27/c) =pogoEL (t-2/c) O [Ros :}/(Hoeo)

Generally: ¢ 03x 10° [m/s] in vacuum
Ey(zt) =E+(t-2z/c) +E_(t +z/c) more generally

E.(t—2z/c) [ propagation

z=t=0,arg=0 The position e where

arg=0 arg = 0 moves at velocity ¢
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UNIFORM PLANE WAVE IN Z-DIRECTION

Electric Fields (Example):  E/(z,t) = E.(t- z/c) [VIm]

More specifically, let:  E,(z,t) = E, cos w(t — z/c) = E, cos (wt — kz),

where k = w/c = wlo€g

Magnetic Fields: Use Faraday’s Law: [x E= -0 Bj t
gy 2
x E = dety P 0P 99 z=- DE, cos (o t— kz)0 z
B, By Ba|

= —RKE, sin(at —kz)
H(zt) = %(VYio)[KE+ sin(ut —kz)dt [A/m]
= -%(KE+/Wlp )cos(ut &«z) =X(E4/ 1)cos( & kz)

1 . _
E:\/I-loeo , No = Uo/so%

k
TR
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UNIFORM PLANE WAVE EM FIELDS

EM Wave In z direction:

E(z,t) = 9E(wt —kz) , H(zt) = X(E+/np)cos(ut kz)

Electric energy density

Magnetic energy density
- Z
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ACOUSTIC WAVES

A “wave” is a periodic disturbance propagating through a medium

Acoustic Waves:
—=  Velocity = —=—air molecules —=

Pressure

wave veloci

b |
Kinetic . A Potential energy

energy™\ \

Generally, two types of energy are interchanged
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