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Review

Incident light ray

e Waves are polarized If
£ field component of
EM waves always points
In same direction

e EM waves with randomly
oriented £ fields are
unpolarized

e Intensity of unpolarized light | = % | 0
after hitting a polarizing sheet

e Intensity of polarized light after | _
hitting a polarizing sheet | =1, cos &

Unpolarized light

' Pn]m"l;f.ing sheet

Vurticul]}' pn]urim(l light



Reflection & Refraction (Fig. 34-17)

e Represent light waves
as straight lines or rays

Incident i
e If incident (incoming) ray i r;_,w\
light wave hits surface o
Of dlfferent materlal Wavefront

Normal

Reflected

Some I|ght will Interface—/
e Be reflected back

e Travel through and be
refracted

Refracted
ray



Reflection & Refraction (Fig. 34-17)

e Define a line, the normal, i i
. . ks | Reflecte
which is O to surface at E}j‘j““-“‘ iimmign
point where the incident |
beam hits the surface '

Wavetront

e Angles relative to normal
e Angle of incidence 06,
e Angle of reflection 0,
e Angle of refraction 6, Refracted

. ray
e Plane containing incident

ray and normal is plane

of incidence

Interface —/




Reflection & Refraction (Fig.

e Law of reflection: Reflected
ray lies in plane of incidence
and angle for reflection Is
equal to angle of incidence

ray

Wavelront

Incident

34-17)

Normal

Reflected
ray \

Air

e Law of refraction: Refracted
ray lies in plane of incidence
and angle of refraction Is
related to angle of incidence

’ I
I ]-.I.
91 91 Interface —/

by Snell's law

n,siNé, =n,sing,

Glass

Oy

Refracted
ray



Reflection & Refraction (Fig. 34-17)

Normal
Reflecred

ray —,

n,siNg, =n,sing,

e 17 IS dimensionless constant
called index of refraction

Wavelront =

) ) Interface —*'"II E-r']a“
e Index of refraction, n for given -
medium is defined as -
Refracted
ray
o= speed of I_|ght _|n vacgum —©| Medium  Index. n
speed of light in medium v Vacuum  Exactly 1
e Nothing has n <1, velocity of Air 1.00029
wave in medium is always less Glass 152

than the speed of light _
Diamond 2.42

Water 1.33



Reflection & Refraction (Fig. 34-18)

n,siné, =n,sing,

n,=n, n,>n,

6,=6,  6,<6,

Normal




Reflection & Refraction (Fig. 34-18)

e Traveling from one medium to another
e Frequency of wave does not change.

e Thus the “color” does not change (when our
eye sees “red” it is the frequency associated
with red which is important).

e Wavelength and velocity do change == C
Vv

Vi = A Vv, _A _c/n _n
v, = A, f v,

e _2
A, c/n, n



Dispersion (Fig. 34-19)

e n depends on wavelength Fused quartz
of light, except in vacuum

e Beam consists of different
wavelengths, rays are
refracted at different
angles and spread out —
chromatic dispersion

e White light consists of 1.45 ————

300 400 500 600 TF00 200
components of all the Wavelength (nm)
colors in visible spectrum

with uniform intensities

| .48
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Index of refraction




Dispersion (Fig. 34-20)

e n for a medium Is greater for shorter
wavelengths (blue) than for longer (red)

e Blue light is bent more than red light

MNormal

Reflected
white light

Incident
white light

Aldr 1y

(lass Mo

BLJ.F:

Refracted
light



Dispersion (Fig. 34-20)

Normal

Reflected
white light
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white light

Glass n
Air  ng

'Rr;fr acted
By, light



Dispersion (Figs. 34-21, 34-22)

e Examples of chromatic dispersion
e White light through a prism

e Rainbow
Sunlight Water drops

-

White

wﬂ o
To
observer



Internal reflection (Fig. 34-24)

e The angle of incidence which causes the
refracted ray to point directly along the
surface is called the critical angle, 6.

e Angles larger than 6, no light is refracted
so have total internal reflection




Internal reflection (Fig. 34-24)

e Find critical angle from Snell's law where incident
ray IS moving from medium with n, to n,

n,sing, =n,sing,

n,siNng. =n,sin90

N,
n

e

e For total internal reflection to occur n, < n,
e E.g. moving from water into air
e Will not happen if moving from air into water



Polarization by reflection (Fig. 34-27)

e Reflected light is

: : Incident
partla”y p0|arlzed unpolarized | Reflected
b ~ rdy | rdy - v
. . ™~ o] l - it
e When the light is N \%1 M
. . ”~
incident at the A s e
Brewster angle its e PG el
reflected light is fully A
polarized O to the 1578
plane of incident :L_é/‘,.
Y '\ Refracted
' N ray

e Refracted light is
still unpolarized



Polarization by reflection (Fig. 34-27)

Incident

® FOund eXperlmenta”y that - unpolarized Reflected -
reflected and refracted rays Ne. g | g
at the Brewster angle are [ B 1o
e ¥ =
to each other g, +6 =90 =15 Ko Gl
e From the general result s
: : "\ Refracted
n,siné, =n,siné, N

e We find the Brewster angle
n,sSiNn8, =n,sin(90 — &,) = n, cos &,

2N,

6. =tan —=
B nl




