
Physics 2c  Lecture 24 

Chapter 37 
Interference & Diffraction 

continued 



Michelson Interferometer 

Observer sees interference 
fringes. 

Fringes move as mirror 
moves. 



How much does one mirror have 
to move for the fringes to move 

from bright to dark to bright? 

●  (a) Two wavelengths 
●  (b) One wavelength 
●  (c) Half a wavelength 
●  (d) Quarter of a wavelength 



Thin Films 

Boundary conditions: 
n=1     reflecting off     n>1   => fixed boundary 
n>1     reflecting off     n=1   => loose boundary 

Note:  
The phase difference  

between the two interfering 
waves is not just due to 

the path length difference 
but has an additional  
phase shift of π from  

difference in boundary 
conditions! 



Interference due to “head-on” 
reflection on thin films 

Constructive interference: 
2 n d = (m +1/2) λ 

Destructive interference: 
2 n d = m λ 

n = index of refraction! 

Note: λ is the wavelength in vacuum. The index of refraction  
accounts for the fact that the wave speed is slower in the  
thin film than in vacuum. 



Where does n come from? 

●  Constructive interference: 

2d = (m+1/2)λn  
●  However, the λn here refers to the 

wavelength in the thin film, which is longer 
than the wavelength in air by a factor n. 



Some types of interference  
we will discuss. 

one two 
many slits 

2d & 3d 
crystals 

In all cases, the difference in 
geometric path length causes 
the phase difference responsible 
for the interference pattern. 



Huygen's principle 

All points on a wave front act as point sources of the wave. 
The new wave front some time later is comprised of the unique 

surface tangent on all waves from the individual sources.  



Single slit diffraction 

Single slit destructive interference:        a sin Θ = m λ 

Pair up rays that are a/2 apart. 
Any such pair destructively  
interferes if   a sinθ = λ . 
 
Pair up rays that are a/4 apart. 
Any such pair destructively  
interferes if   a sinθ = 2λ . 
 
Pair up rays that are a/6 apart. 
Any such pair destructively  
interferes if   a sinθ = 3λ . 
 
…. 



Intensity in single slit diffraction 
- example visuals - 

  a = 10 λ              a =  2 λ     a = λ 

As aperture, a, becomes comparable in size to the wavelength,  
angular resolution deteriorates rapidly. 



Intensity in single slit diffraction 
- example picture - 



Aside on single and double slit 
●  A double slit experiment is 

comprised of 2 single slits, of 
course. 

●  Angular range for central maximum 
of the single slits is: 

●  Double slit maxima exist according 
to: 

●  Single slit phenomenon becomes 
relevant to 2 slit when m ≥ d/a 

Some types of interference  
we will discuss. 

one two 
many slits 

2d & 3d 
crystals 

In all cases, the difference in 
geometric path length causes 
the phase difference responsible 
for the interference pattern. 
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single slit diffraction 
- 3d sketch - 



Diffraction Limit 
 

Two sources 1,2 can be resolved 
as long as their diffraction patterns 

don't overlap too much. 
 

0th max overlapping 1st min: 
sin θ=  λ/a 

or for small angles: 
 θmin ≥ λ/a  

The latter is referred to as  
Rayleigh criterion. 

 
a = slit width 



Single slit diffraction 

Single slit destructive interference:        a sin Θ = m λ 



Diffraction Limit 



Diffraction Limit 
- example photo - 

For circular apertures, Rayleigh criterion 
becomes: 

  
θmin ≥ 1.22  λ/D 

D = aperture diameter  



●  Decrease the wavelength 
–  E.g. DVD versus CD 

●  Increase the aperture 
–  E.g. interferometry as tool in Astronomy 

Overcoming the diffraction limit 
θmin ≥ 1.22  λ/D 



DVD versus CD 

●  CD use 780nm wavelength lasers 
●  DVD use 635nm & 650nm lasers plus other 

improvements. 

CD DVD 



Astronomy through Interferometry 

All of these use correlated measurements from more than one 
telescope in order to increase their effective aperture, and thus 
beat the diffraction limit of the individual telescopes. 



Question to ponder: 

●  What’s the limit for resolving distant objects 
via earth based astronomy? 
–  A) engineering limit of how small an aperture 

telescope can be constructed. 
–  B) engineering limit of how large an aperture 

telescope can be constructed. 
–  C) roughly speaking, the diameter of the earth 



Summary of Chapter 37: 

●  Simplest interference example: CD player 
–  Phase difference due to path length difference! 

●  More complex examples of path length differences causing phase 
differences: 

–  Double slit 
–  Many slits, including diffraction gratings (measuring λ) 
–  X-Ray diffraction (measuring Xtal spacing) 
–  Michelson Interferometer (measuring length differences) 

●  Still more complex example including boundary and path length 
differences: 

–  Thin films 

●  Single slit and aperture as a limit to angular resolution 



Radio Astronomy 



The ALMA Telescope Array 

http://www.almaobservatory.org/ 



EVN 
Interferometry on a global Scale  

Radio telescopes throughout the world  
do interferometry together. 

http://www.evlbi.org/ 



VLA in New Mexico & Satellite HALCA  

HALCA has only 
8m diameter 

Comparing resolution of 
a Quasar with VLA and a combo  
of VLA and HALCA 

http://en.wikipedia.org/wiki/HALCA 



Top is image from earth based VLBI 
 
Bottom image is a zoom of the image once  
HALCA is added to the interferometry. 

Excellent angular resolution is  
especially important when studying  
binary objects, and/or the physics of 
Active Galactive Nuclei, where people 
are trying to understand the physics  
that produces the “gigantic jets” observed. 


