
Physics 2c  Lecture 23 

Chapter 37 
Interference & Diffraction 

 



Make-up Quiz or final 

●  On Monday, June 10th, I will offer a make-up quiz to those 
half dozen students who had valid excuses for missing a 
quiz, and let me know ahead of time. 

●  Now is the time to remind me that you are part of that 
group. 

●  We will then have a doodle poll for the exact time. 
However, unless you remind me in email that you have a 
valid excuse, that I already agreed to, you will not receive 
the doodle poll URL. 

●  The rest of class will receive these questions as practice 
final on Tuesday, June 11th via the web site. 



Content of Quiz on Friday 
Need to know how to use the lensmakers formula to calculate focal length, 
and derive imaging properties of lenses described. 
Dealing with lenses and mirrors that are: 
 - plano-convex lense 
 - convex miniscus lense 
 - concave mirror 
 - converging lense 
… 
  
Need to calculate magnifications, answer questions about microscope,  
telescope, shortsightedness, farsightedness, camera, real vs virtual images, … 
 
Basically, anything from Chapter 36, nothing from Chapter 37. 



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. 



Double Slit Interference 



Geometry of double slit 



Double Slit Interference 

Assume L >> d   
⇒ two light paths r1 and r2 are roughly parallel. 

⇒ path length difference = d sinθ  

Condition for maxima: 
d sinθ = m λ 

 
Condition for minima: 

d sinθ = (m+1/2) λ 



Geometry of double slit 

θ 

θ 

tan θ = y/L 
sin θ = Δpath/d 

y 

L 

d 



How far away is m=1 from center? 

sinθ = λ/d 
y = L tanθ  

 
There are of course many other Q’s like that !!! 



X-ray diffraction 

A crystal with regular, well known structure 
provides a diffraction grating with 10-100 billion 

gratings per mm. 



X-ray crystallography 

Use the diffraction pattern for a known 
wavelength to determine the spacing, d, in the 

crystal. 



Example: Problem 30 

X-ray diffraction on Potassium Chloride (Kcl) results in a first-order 
maximum when X-rays of 97pm graze the crystal plane at 8.5 
degrees. 
 

What's the spacing between crystal planes? 



Answer: 

! 

2d sin" = m#

d =
#

2sin8.5o
= 328pm

Light is traversing the 
distance between crystal 
planes twice ! 



Next: 
Calculate intensity of interference 
pattern as a function of “dip angle”. 



A word about symbols 

●  In the following I will use the symbols φ,λ,ω,θ 
for very different concepts: 
–  φ is used for the phase difference between two 

waves of light. 
–  λ is used for the wave length of the light. 
–  ω is used for the angular frequency of the light. 
–  θ is used to describe the geometry, and is thus 

related to the path length difference of the two 
paths the light wave can travel. 



Intensity of Interference pattern 

! 

E1 = E sin "t( )
E2 = E sin "t + #( )
Etotal = E1 + E2

Etotal = 2E sin "t +
#
2

$ 

% 
& 

' 

( 
) cos

#
2
$ 

% 
& 
' 

( 
) 

The E field at P is thus modulated by cos(φ/2) with the  
phase difference φ depending on path length difference. 



Intensity of Interference pattern 

! 

" =
2#
$
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2π/λ is simply a conversion factor from  
Path length difference (meters) to phase 

difference (radians). 



Intensity = < Amplitude2 > 
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Intensity at P depends on wavelength  
as well as slit spacing, d. 

Useful to either measure d or wavelength of light. 



Two applications: 
You know d and want to separate colors. 

E.g. you want to measure red shift. 
You know λ and you want to measure d. 
E.g. you want to measure Xtal structure. 



Diffraction gratings 

For m = 0       => white light. 
All other m     => color seperation. 



Example 37-2 

Take hydrogen lines:  α = 656.3nm    β = 486.1nm 
 
Assume grating of 6000/cm. 
 

What's the angular separation between  
m = 1 maxima ? 



Answer: 

! 

d sin"i = m#i

"i = sin$1 #i
d

"1% = 23.2o

"1& =17.0o

d = 1cm/6000 
m=1 



  

Angular separation of colors increases with increasing m. 



Color resolution 

Two colors can be resolved if their separation is 
large enough such that the max of one is at least as 

far away as the first min of the other. 



Resolving power of a grating 

! 

d sin"#$min =
mN +1
N

#

d sin" % # $max =
mN
N

% # 

(mN +1)# = mN % # 

#
% # $ #

= mN

Key idea here: 
N-1 minima equally spaced  

between two maxima. 
=> d sinθ = mλ + λ/N 


