Administrative Announcements

Total number of Labs/Homework sets is reduced to “10”, only
9 out 10 reports will be counted towards your final grade.

Dr. Lai’s office hours:

— 2-3pm Fridays @ 4238 BPS

Mrs. Linying Lin’s office hours (homework):
— 2-3pm Mondays @ Optics Lab/1250 BPS



Monochromatic waves

A ‘wave’ = solution to the wave equation %E 1 8%E
=0

 We'll only consider monochromatic fields 072 - c2 ot2
— Fourier methods are used for polychromatic light

e Electric fields are most important:
— For monochromatic electric fields

E(r,t)=A(r)cos(at+0) A-:real d: phase
= Re{E(r)e"}

w=2rf
E(I’,t) = Complex amplitude of the electric field vector

E(r) contains amplitude, and :
* The direction of propagation [denoted by (r)]

* The phase of the light (complex)
* The polarization: ‘direction’ of E (as in linear polarization)

H P,D,M,B aresimilarly defined



Monochromatic plane waves

Plane waves have straight wave fronts ‘ ‘ ‘ ‘ ‘ ‘

— As opposed to spherical waves, etc.

— Suppose E(r) _ Eoe""r ///
> E(r,t)=Re{E(r)e "} 7(/
= Re{E,e""e™} -
= Re{E e'“""} Wi

— E, still contains: amplitude, poolarization, phase s A,

— Direction of propagation given by wavevector: '
k = (k,,k,,k,) where [k|=2z/2=wlc

— Can also define S
E=(E,, Ey, E.)

— Plane wave propagating in z-direction

E(z,t)=Re{Ee" "}=1{E"" +Ee "™}

Spherical Waves
|EfH! not equal to
3770

Fraunhofter Region



Polarization and Propagation

In isotropic media
. A planar wavefront
(e.g.free space, X
k- r =const.
amorphous glass, etc.)

k-E=0

e KILE electric field vector E
More generally,

kK-D-0 wave-vector k

L 4

(reminder : 1n
anisotropic media,
e.g.crystals, one
could have

E not parallel to D)



Wave equations

B : g
VXE:_OT Where E:XEOGF[‘RI ot )
ot
< | _
2 = Vx=ikx and —=-iw
ot
|
—> B=—kxE

4

Vectors k, E, B form a
right-handed triad.

Note: free space or 1sotropic media only



The Poynting vector

sziExB=c250ExB

Hy

S so in free space
—

S || k

S has units of W/m?

SO 1t represents

energy flux (energy per
unit time & unit area)



The Poynting vector : part Il

S=c’¢,ExB
k

k |
B=—xE Bll=—|E|=—|E
= 8] = ] - L

= [8]=ca ]

For example, sinusoidal field propagating along =z
E = xFE, cos(kz — ot ) = ||SH =cg,E; cos’ (kz - ar)

Recall: for visible light, w~1014-101°Hz



The Poynting vector: part Il

Recall: for visible light, w~10'4-10°"Hz
So any instrument will record the
average incident energy flux

t+T

HSH — HSHdl where 7 1s the period (7=A/%)

<HSH> is called the irradiance, aka intensity
of the optical field (units: W/m?)



For example: sinusoidal electric field,
E =XFE, cos(kz — ot ) = HS” =cg,E; cos’ (kz — ot )

Then, at constant z:
t+1

<cos2 (hz — cot)> = J‘cos2 (kz —t)dt = %

[

(Is]) = chE2



Intensity of Light

Summary (free space or 1sotropic media) S=ExH
S=—L ExB; [S]=ce,|E[" Poynting vector
Ky

t+T

(I8))= [Islar  tmadiance (or intensiy

*Poynting vector describes flows of E-M power
*Power flow is directed along this vector
eUsually parallel to k
Intensity is equal to the magnitude of the time averaged Poyning vector: |=<S>

‘<S>‘ = | E|<E(t)xH(t)> |:C%E2 :C_gc)(Exz n Eyz) ha)[EV] :1239.85

2.654x10° A/V A
Ce, = <.
%0 . example E =1V /m h =1.05457266 x10 " Js

| =?2W / m’




Maxwell’s equations in a medium (source-free)

The induced polarization, P, contains the effect of the medium:

Lo Lo 5 B=
V-E=0 VXE:_%{B
£ o5 O°
V-B=0 VxB= e, —+ 1, —
ﬂoo@t ﬂoat

,Uol:i

gE+P

This has the effect of simply changing the dielectric constant (refractive index n):

2

e=¢g(1+x)=n



Wave equations in a medium

The induced polarization in Maxwell’s Equations yields another term in
the wave equation:

0'E 10°E_ o°P
07 o o M ar

This is the Inhomogeneous Wave Equation.

The polarization is the driving term for a new solution to this equation.



Reflection and Transmission @ dielectric interface

A cos 6,







Reflection and Transmission

. E, | n,cosb —n,coso
== =

Ly, ), n,cos0.+n,cos0,
- _(Es J ~ 2n.cosé,

Ey ), n,cos0 +n, coso,

E, | n cos® —n coso
. 7h,cos ¢, +n, cost

/ 2n, coso,
" E, 1,080, +n,cosb,
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