
The Nature of Light

Light is a propagating electromagnetic waves



Index of Refraction n:

 In materials, light interacts with atoms/molecules 
and travels slower than it can in vacuum, e.g.,

 The optical property of transparent materials is 
called the Index of Refraction:

 Since vmaterial < c always, n >1 !
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Index of Refraction and Wave Aspects of 
Light
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The wavelength of a light changes in different medium accordingly,  

a a b bn n 

With one medium being a vacuum, we have n n 



The Study of Light: Optics
 Condition for Rays Optics:

 Physical (Wave) Optics (Ch.35-36):
The study of light when wave properties of light are 
important (diffraction and interference).


L

L 

Relevant system size >> wavelength

In this approximation, wave characteristic of light is not important and rays model 
of light gives accurate predictions.

(Visible light:  ~ 500 nm << L Rays Optics works well with typical optical 
instruments: mirror, lens, cameras, telescopes,…)
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Reflection and Refraction

material a (na)

material b (nb)

air

glass

boundary/interface 
between two media

normalincident ray reflected ray

refracted ray

a r

b

When light hits a boundary, typically a part of it will be reflected & a 
part of it will be refracted.

Plane of incidence



Law of Reflection

material a (na)

material b (nb)

normalincident ray reflected ray
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Law of Refraction (Snell’s Law)

material a (na)

material b (nb)

normalincident ray reflected ray

refracted ray
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sin sina a b bn n 



Total Internal Reflection
 Light moves from a medium with a larger n to one with a smaller n.

 As the angle of incidence becomes more and more acute, the light ceases to be 
transmitted, only reflected.
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At the interface,



A Linearly Polarized EM Wave

For an electromagnetic wave, the direction of the electric field vector     
gives the polarization of the wave.( , )x tE



An transverse electromagnetic wave with 
polarization in the y-direction:
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A polarized wave in a well defined direction is called a linearly 
polarized wave.



Polarization by a Polarizing Filter
Since intensity (I) is proportional to E2,

2
max costransI I 

(Malus’s Law)
Transmitted intensity of 
linearly polarized light 

through a polarizer



Polarization by Reflection

At the special angle (polarizing angle or Brewster’s angle) p, the electric 
field component parallel to the “plane of incidence” will not be reflected !

tan p b an n (Brewster’s Law)



Summary for Mirrors & Lens
The following are valid for both converging and diverging lens if 
we follow the proper sign conventions.

1 1 1
's s f

  (object-image relation, lens & mirrors)

(focal length, lens)

'sm
s

  (lateral magnification, lens & mirrors)

 
1 2

1 1 11n
f R R

 
   

 

(focal length, mirrors)
1 2
f R




Sign Rules for Mirrors & Lens
1. Object Distance:

 s is + if the object is on the same side as the incoming light (for both 
reflecting and refracting surfaces) and s is – otherwise.

2. Image Distance:
 s’ is + if the image is on the same side as the outgoing light and is –

otherwise.
3. Object/Image Height:

 y (y’) is + if the image (object) is erect or upright.  It is – if it is 
inverted.

4. Radius of Curvature:
 R is + when the center of curvature C is on the same side as the 

outgoing light and – otherwise.
5. Focus Length: (+ concave, - convex) 

(+ converging, - diverging)



Geometric Methods: Rays Tracing
Principal rays for concave mirror



Geometric Methods: Rays Tracing
Principal rays for convex mirror

(might need to extrapolate lines to 
intersect at image point)



Ray Tracing Methods for Lenses

Focal Point on the outgoing side



Rays Tracing Methods for Lenses

Focal Point on the incoming side



Wave Nature of Light
 Previous Chapters (Geometric Optics)  << L

 Rays Model is an approximation of EM waves with rays pointing in 
the direction of propagation

 Next Couple of Chapters (Wave/Physical Optics)  ~ L
 Like water waves, light spreads and interferes with each other.
 Observed phenomena cannot be accounted for by rays:

Diffraction Interference

spreading

constructive/
destructive 
interference 
patterns



Single Slit Diffraction



Single-Slit Diffraction: Dark Fringes

For higher order minimum with larger angular distance , 
we can use the same argument by subdividing the slit into 
more groups (6, 8, 10, etc.).

This leads to the following general formula for the dark 
fringes:

sin , 1, 2,a m m     

Note:
1. m = 0 is not the first minimum !

In fact, it is the location for the central max.
2. Secondary maximum occurs near 3/2, 5/2, 

etc. but not exactly.



Intensity in Single-Slit Pattern
Then, lastly wiith                      ,the intensity of the pattern as a function of  is,2 sina 
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Double-Slit Interference Pattern
(w/o diffraction)
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S1
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Constructive/Destructive Two-Slit 
Interference
Applying the conditions for constructive/ 
destructive interference, we have the following 
conditions:

sin ( 0, 1, 2, )d m m     

Constructive Interference: Two Slit Interference
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Destructive Interference: Two Slit Interference

• The bright/dark bands in the pattern are called fringes
• m is the order of the fringes



Intensity in Two-Slit Interference
Putting this expression for the phase difference into our previous 
intensity equation for a two-slit interference pattern, we have,
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Full Double-Slit Diffraction Pattern
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Combined effects of  interference from both slits
 diffraction from individual slit



Diffraction Patterns from Multiple Slits

largerN 

locations of Maxs stay the same

peaks get sharper

sin ( 0, 1, 2, )d m m     



Resolving Power for Circular 
Apertures
Consider two non-coherent point sources (so that they don’t interfere), i.e. two 
distant stars,

lens
from telescope

star 1

star 2

We will observe 
two diffraction 
patterns on top 
of each others.

angular separation 
between the two stars



Resolving Power for an Apertures
The Limit of Resolution for an aperture is defined as the smallest angular 
separation between two light sources that can be resolved according to the 
Rayleigh’s Criterion and it is given by: 
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Interference in Thin Films
Color fringes observed from an oil slick on water or on a soap bubble are 
the white-light interference patterns produced by the reflected light off a 
thin film of oil or soap.



Phase Shifts During Reflection
From Maxwell’s Equations, one can show that the reflected wave will suffer 
a 180o or /2 phase shift if it is reflected off from a medium with a higher n.
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Interference from a Thin Film
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