Physical optics (wave properties of light)

Refraction. Main application of diffraction is in lenses. Other examples
re mirages, rainbows.

Refraction in the wave picture
Rays (- ) are at right angles to wavefronts. Look at what happens when a

‘ay bends at an interface
A/
Ay, /
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Triangles: sin®7 = Aq1/L, sinBy = Ao/L

_sinB1 _ A\
M21 = §ine, ~ Ay
3ut A = v/f, so
_vilf _vp
21 = ot = vy
n particular, if (1) is vacuum, then
ng = <
V2

=or any material% is the factor of reduction in the speed in that medium.

1=n@). n decreases with so blue refracts more
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Total internal reflection
Soing from high n to low nf, > 6;
critical value of@; when@, = 90°.
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Example
; what is the minimum n for glass to be used
\ in a periscope? (assume 45° prisms)
by
B
6; ~45°
require sin Bj > sinBgyit = n
1 _
O n> sin 45° = 1.4
>hysical optics
Seometrical optics only works if size x>Why?
Huygen's principle
s light
) a particle (Newton) - geometric optics
J) a wave (Young) - physical optics

J) both



Young's experiment

-ight through one slit (givesoherent sourcgthentwo slits gives
nterference pattern on screen.
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=lectromagnetic radiation
Speed ¢ = 3.0 1§ ms1

(This is definition of metre)
\: for visible light, 400 nm <A < 800 nm

c 3108 ms!?
A 5107 m
= 6104Hz = 600 THz

Typical f =

d sin®

ZConstructive interferenceif d sin® = mA

Destructive interference if dsin® = (m + %))\

At an angled, the phase differenagis
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how to add two sin waves?
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=xample 3 narrow slits radiate uniformly and in phase. Interference
Jattern on screen. (a) Show phase diagrams for (i) central maximum (ii)
Lst order maximum (iii) minima between i and ii.

'b) Sketch 1¢)

) ———P (= (, central max
i - P (=2, 1storder max

AT

Qo= 213 ¢ = 43  both- 0 resultant

J) if =11, EE amplitude = 1/3 central max
O intensity = jhax9

Diffraction grating
has very many slits. Used to meashire

v
|; very accurately.
I/ If there are N slits per unit lenth, d =
4 1/N.
The first minimum isvery close (small

@ to close polygon), ie very narrow
maxima
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For constructive interference
dsind = m\

m = 1 - 1st order spectrum

m = 2 - 2nd order spectrum

.. MA
ered = S”Tl red
.2 MA
Bplue = siml 73'“‘3 etc

Coherence length
WNave trains have finite length - coherence length

Only interfere ifA pathlength <
=xamples
Radio transmitter E = /& sin (kx— wt)

Em, w, k vary slowly
ot body (e.g. lamp)~ 1 m, but different regions have different, random
dhase, to get interference, use a pin hole and ke@ath << 1 m

_ASER (ight Amplification by StimulatedEmission ofRadiation) |
>> km



nterference in thin films
-ight in a medium travels at c/n.
Amedium = A/n
A path n A path
Ap = 2 = 2n
¢ Amed A
Jefine Optical path length = n . pathlength
AQ = 2HA optlcal)\pathlength
Reflections remember reflections in strings
From less dense to more dense
Ap=Tm
From more dense to less dense
Ap=0

transmitted wave
has no phase change

=xample: Non reflective coating
useful in camera lens etc

Coating has 1 <n <ghass
air T
n<n mn How thick should it be to
gs gr — give minimum reflection?

glass Qg

3oth reflections have phase change. Asd 0, - constructive
nterference.

=or destructive, we want

A\ optical pathlength =A/2

2nd = A/2

A _ 550 nm

j~ﬂ]—4l_2~100nm
Denstructive interferenceif
Air wedge 2d = mA

Constructive interference if

2d = (m + %))\

1l

At L.H. end, destructive (dark), then count fringes to get thickness.
Also: Newton's rings, oil slicks

(Later from a circle)
Use Huygen's construction:
beam of finite width,
interference if d A
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dolarisation.

e N
NI

=M waves ardransversewaves,] can be polarised. Usually light has
vaves withE in all directions

Unpolarised Plane polarised

Solaroid materials allow E in only one dirn
Etransmitted= E cosd

Malus' Law:
ltrans = lin CO% 0

polarisation
direction

Average of co%8 over all angles is 1/Z]
Jnpolarised plane polarised plane polarised
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Note: even if + ¢=90°,1%£0



Solarisation by reflection

=or wave in mediumk of light causes oscillation E. This oscillation

zan produce (only) transverse waves, hence polarisation of reflected wave.
unpolarised plane

polarised

eB eB

partially
0, polarised

When refracted ray teflected— plane polarised reflected wave (Brewster's
angleOp).
- polaroid sunglassesde your optics Rit

Scattering of light also polarises
More effective for shoik, — blue sky

=xample. What is Brewster's angle for a medium with n = 1.40?
unpolarised plane
polarised

eB eB

partially
0, polarised

_sinBp
“sin@
f refracted and reflected are at 90°,
g +6, = 90°
30 sinB; = cosbp
_ sinBp
~ cos6g
g = tanl1.4 = 54°

Refraction: n

= tanfpg

=xample. An oil slick (n = 1.20) floats on water. What are the
‘hicknesses for which red light (1700 nm) is reflected weakly? What
Joes the slick look like at its thinnest point?

Nwater> Noil
- Constructive interference if
A OPL = mA
— - Destructive interferenceif
d Tt oil 1
water A OPL = (m + 5))\
) If red has destructive interference,

AOPL = 2nd :(m + %)Ared

_ Mred 1
d-2n (m+2)

m=0, m=1, m=2 ...
= 150 nm, 440 nm, 730 nm etc

i) If d << A, mphase difference on both paths so constructive
interference for al\, so it looks bright and 'white'.

=xample. Same problem, but for scuba diver!

Destructive interferenceif
— A OPL = mA
dna\\C oil Contructive interference if

W water AOPL = (m " %))\




