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RIGHT HAND RULE
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ELECTROMAGENTIC WAVE
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SIMPLE EXAMPEE'OF HOW EM
WORKS
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MAGNETIC FLUX
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are four differential equations summarizing nature of
electriity and magnetism: (formulated by James

Clerk weltaround 1860):
L S\

(Gauss’s Law

Gauss’s Law for Magnetism

Faraday’s Law

Ampere’s Law
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(1) Ele& c% generate electric fields.

(2) Magnetic field |IN6 closed loops; therear e no

/ magnetlc monopoles --
, ! \"‘\\

erremnd chéngyng electrlc “fields p
gﬂBtIC fields. —/ ,/ > - J

‘,' [ & ,_t I '.’ 4

(4) Changlng magnetlc flelds prdduce electrlc field | \S:

.

£~

From Maxwell's equations one can derive another equ  atio
Which has the form of a“ wave equation”.
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Faraday’s law to a plane wave

Wave front

&
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An electromagnetic wave front.
The plane representing the wave front (yellow) moves
to the right with speed c.

The E and B fields are uniform over the region behind
the wave front but are zero everywhere in front of it.



JE v dl =- dog /dt
1.IE-dl=-Fa (cos 90° = Q)

2. Intime df the wave front
moves to the right a distance
¢ dt. The magnetic flux
through the rectangle in the
xy-plane increases by an
amount d ®g equal to the flux

through the shaded rectangle
in the xy-plane with area ac
dt, that is,

d®g = Bac dt. So

-d®y/ dt = -Bac and

E = Bc




Faraday’ g ;Law |
applied to a recta{]e

with height‘aand

width Dx parallel

to the
xy-plane.
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[B«dl=npe,d®/d?
1.[B°dl= Ba (cos 90° = 0)

2. Intime 4t the wave front moves
to the right a distance ¢ dt. The
electric flux through the
rectangle in the xzplane
increases by an amount d @gequal
to E£times the area ac dt of the
shaded rectangle, that is,

d @c= Eac dt. Thus
d @g/ dt = Eac.
Ba =uye, Eac > B = ., Ec

and from £ = Bc and B = p, =, Ec
We must have|c = 1 / (p,e,)1/2

¢ = 3.00 (10)8m/sec
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Ampere’é;};aw
applied to a rectxgle w

height a,and width \‘

DX parallel.to.the
xz-plane.
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Gauss’s law (electrical):

The total electric flux through any
closed surface equals the net

charge ihside.that surface divided
charse {gdaslat

+~This relates an eléctric field to the
',,.charge dlstrlbutlon \eates it

Gauss s Iaw (magnetlsm)

I'magnetic flux t rough
closed surface is ‘zer

4 Thls s/ays the num,ber of fIE|d_-||nG £

/ that enter aMd volume must
equal the number that leave that |
volume 7/

This implies the magnéticfield
lines cannot begin or end at any
point
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ol Sl

+0 0
© =T (=10

(a) Coordinate system
(e)r=3T14
, ’ e : .
-One cycle in th_qﬂbpluctlon of an eléctro-magnetlc

an osclllatlng electrlc dipole antenna. ] | !

-The red arrows representithe £ field. (B not.shov'\lln.) \
o




‘Representation of the electric and magnetic fields"
in-a propagating wave. One wavelength. is shown at
time £=.0.

‘Propagation direction.is E x B.
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A = spatial period or
wavelength

. ‘ phase velocity
. f\\\

— )\_ .

__- : \ ] X

T =itemporal périod 'a A—
v —

\
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C

B-dé= g ddy

% o

.d¢ =BAz—(B+dB)Az=—dBAz

dd, dE

dxAz

dt dt

—dBAz=p g,

dB

b

80

d—E dxAz

dt
dE

dt
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Fields are functions of both
position (x) and time (t

. Partial derivatives
are appropriate

This is a wave
equation!
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The simplest solution to the partial differenti
equatio‘ igzei;nusoidal wave:
E=F 0y €OS (kx
B B cos (kx L
“I' H‘é‘% ular wave ;}umber is k*- 271/
Xlsfthe wavejength . =

The angular frequency s w an

f is.the wave fregueney




o°E

. :—szosin(kx—mt) ~ =—o’E, sin(kx—mt)

—k’E, sin(kx — (x)t) = —u. e o°E_sin (kx — mt)
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Il" 2 \

dt

=B} sm(lé:\) ~. E=E =E sin(kx-ot)
o Yy h .

EE sm(lcc—o)t)—-f—%B,sm .; .

l
!

"']é kcos(kx wt)=B,

FE_ |
k







