Announcements

1. New schedule:
http:// www.wfu.edu/~natalie/s03phy114/homework/

2. Online quiz will resume for Lecture 18
Take-home exams will be returned at end of class

Rework exam for small amount of extra-credit
(http://www.wfu.edu/~natalie/sO3phy1 14/extrapractice/)
small corrections — In problem #2 the wires should have
been longer in order to use the long wire approximation.

Presentations?  Thursday evening ?
Friday afternoon ?
Sunday afternoon ?

4. Today’s topic — Chapter 34

Maxwell’s equations and electromagnetic radiation
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Maxwell’s equations and electromagnetic radiation

» The wave equation — seen last semester for mechanical waves —
periodic wave solutions

»Maxwell’s equation
»Coulomb’s and Gauss’s law
»Biot-Savart’s and Ampere’s law
»Faraday’s law
»Maxwell’s contributions

»Properties of electromagnetic waves as a consequence of
Maxwell’s equations
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The mathematical form of the “wave equation”:

ot? Ox?

velocity of wave

Solution form for a periodic solution:

y(x,t) = Asin(zf (x— vt)+q§j = Asin(z;fx — 2nft +(pj
phase
amplitude v =Af
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Example of mechanical wave motion:

Transverse wave on a string with tension 7" and mass per
unit length L

T d*y . .
m—:5=71sm0B, —7sin0O
a’t2 B A
m =~ WAx
R 7 2
y dtz AXB AXA
T . Ay
sinO, = tan0, = ——
Ay 1Ay sy ) @'
re30 Ax AXlp AX|,) ox?
0’y T 0%y T
) = VS
ot~ W Ox 1l
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Comparison of mechanical and electromagnetic waves

Mechanical

Electromagnetic

Satisfy wave equation

v depends upon propagation
material.

Can be transverse or longitudinal

Can only propagate within
materials (solids, liquids, gases,
strings, etc.)

Satisfy wave equation

v depends upon propagation
material (or vacuum).

Can only be transverse

Can propagate within a vacuum
and within some materials.

Doppler effect : Doppler effect :
, ltu,/v l+u/v
fr=f it =
1 Fug/v f=7 1—uy/v
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Electromagnetic field equations:

Coulomb-Gauss law: $E-dA = Q

area €p

Biot-Savart-Ampere law: §B-ds=p,/

line

dod
Faraday’s law: {E-ds=- a’tB
line
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Additional law:

Gauss’s for Wﬁeld:
AN

7

N

Recall Gauss’s law for electric field:  {E-dA =

arca

9
)
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Electromagnetic field equations:

Coulomb-Gauss law: §E-dA = 82
arca 0
Gauss’s for magnetic field: {B-dA =0

arca

Biot-Savart-Ampere law: §B-ds=p,l

line

dd
Faraday’s law: JE-ds=-— a’tB
line
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Maxwell’s re-analysis of Gauss’s and Ampere’s laws:

§E-dA:Q §B-ds=p,l
area 80 line
dQ

Note that [, =—"
olc a 0, dt

1
§E-dA:Q — d( §E-dAj: 1do 1o
area € dt gy dt g

arca

Maxwell-Ampere law:
{B-ds = uO(I+IQ): ol + 1€ j( JE-dA

line 4

dd
dt

area |
Path P o

= Hol +HoEg
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Maxwell’s equations:

Coulomb-Gauss law: $E-dA = 82
arca 0
Gauss’s for magnetic field: jB-dA=0
' do .
Biot-Savart-Ampere-Maxwell law: §B-ds =p,l g, P
line
do
Faraday’s law: JE-ds=-— B
line dt
¢
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Maxwell’s equations in absence of sources (O=0, I=0):

Coulomb-Gauss law: {E-dA =0

arca

|B-dA =0

arca

Gauss’s for magnetic field:

d®
Biot-Savart-Ampere-Maxwell law: §B-ds =p,¢g, th
line
d®
Faraday’s law: JE-ds=-— a’tB
line
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Peer instruction question

How can we have electric and/or magnetic fields without
sources? Which of the following statements 1s not
true?

(A)Charges and/or currents are necessary to create electric
and magnetic fields.

(B) Electric and magnetic fields can exist if there are no
sources present.

(C) Statements (A) and (B) are both false.
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“Plane wave” Maxwell’s equations:
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Results:

dEJ’ __de dB dE

dx  dt -

2 2
8Ey: 1 8Ey

atz ““080 axz 61—2 HOEO axz

L 2.99792458x10%m /s
Koo
27

Periodic solution: £ ,(x,t) = E sin(7L (x— vt))

V=cC=

B_(x,t)= ETX sin(zf (x— vt))
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Summary of results for linearly polarized electromagnetic
plane waves:

E,(x,1) = E, SIN 2; (x—ct)|=E,_,, sin(znx - 27tﬁj =E__ sin(kx—ot)

A
B, (x,t)= Emaxsin 27t(x —ct)|= Emaxsin(znx - 2nftj = Emaxsin(kx —wt)
c A c A c
® | 8
M=—=c=_|—=2.99792458x10"m/s
k Ho€o y
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Wavelength (nm)
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