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Single Slit Interference�
! Example 
!   Light of wavelength 750nm passes 

through a slit 1.00μm wide.  How wide 
is the central maximum in centimeters, 
in a Fraunhofer diffraction pattern 
on a screen 20.0cm away?�

! Answer 
!   First, you must define a coordinate system.�
!   The center of the central maximum is considered y = 0. �

w 



Single Slit Interference�
! Answer 
!   We can easily calculate the angle θ from the 

centerline to the first minimum, m = 1, by: �

! 

sin" =
m#
a

! 

sin" =
1( )7.5 #10$7m
1.0 #10$6m

= 0.75

! 

" = sin#1 0.75( ) = 48.6°

!   We can find the distance from the centerline to the 
first minimum by taking: �

! 

tan" =
y
L

! 

y = L tan" = 20 cm( ) tan 48.6°( ) = 22.7 cm

!   But since this is only half the central maximum width, 
we must double it; so that: w = 2y = 45.4cm.�



Resolution �
!   The ability of an optical system to distinguish 

between closely spaced objects is limited due to 
the wave nature of light.�

!  Aside: Two independent sources of light are not coherent. I.e. the light form them does 

not interfere with each other. �
!   Since we are looking through an opening, 
diffraction can occur where the images consist 
of bright central regions flanked by weaker 
bright and dark rings.�

!   If the two sources are separated so that their 
central maxima do not overlap, their images are 
said to be resolved.�



Resolution �
!   The limiting condition for resolution is called 

Rayleigh’s Criterion�

!   When the central 
maximum of one image 
falls on the first minimum 
of another image, the 
images are said to be just 
resolved.�

!   The images are just 
resolved if their angular 
separation satisfies 
Rayleigh’s criterion.�



Resolution �
!   If viewed through a slit of width, a, and 

applying Rayleigh’s criterion, the limiting angle 
of resolution is: �

!   For the images to be 
resolved, the angle 
subtended by the two 
sources at the slit must 
be greater than θmin.�

!   For a circular opening 
of diameter D: �



Concept Question �
!   Suppose you are observing a binary star with a 

telescope and having difficulty resolving the two 
stars. You decide to use a colored filter to maximize 
the resolution. What color filter should you choose?�

!   A) Blue.�
!   B) Green.�
!   C) Yellow.�
!   D) Red.�

A filter of given color transmits only that color of light.�

400nm�

700nm�



Radio Astronomy 



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. 



Challenge in Interferometry�
•  The signals from the different telescopes need to be made to 

interfere with each other.�

•  This requires a measurement of both the phase and amplitude 
of the incoming signals.�

•  Phase is obtained by timing of peak amplitude.�

•  Synchronized atomic clocks�

•  Sufficiently accurate phase measurements can only be done 
with long wavelength EM waves.�

•  Accordingly, this technique is only used in radiowave 
astronomy.�

•  The longer the wavelength, the easier it is to measure the 
phase.�



Concept Question �

•  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�



EVN 
largest distance 
interferometry  

Radio telescopes throughout the world  
do interferometry together. 



Diffraction Grating �
!   The diffraction grating consists of many equally spaced 

parallel slits.�

!   A typical grating contains 
several thousand lines per 
centimeter.�

!   You will again get an 
interference pattern  that 
consists of bright and 
dark spots.�

!   The bright spots will be 
sharper than in the 
double slit case.�



Diffraction Grating �
!   The condition for maxima is: �

!   where m is 0, ±1, ±2, ...�
!   A central maximum is 

defined and the angle θ is 
still measured with 
respect to the centerline.�

!   The dark spots will be 
wider than in the double 
slit case.�

! 

d sin"bright = m#



Diffraction Grating Spectrometer�
!   The collimated beam is incident on the grating �
!   The diffracted light leaves the gratings and the telescope 

is used to view the image. �

!   The wavelength can be 
determined by 
measuring the precise 
angles at which the 
images of the slit 
appear for the various 
orders                          
m = 0, ±1, ±2, ...�



Diffraction of X-rays by Crystals 
!   X-rays are electromagnetic radiation with short 

wavelengths (λ~0.1nm; Wilhelm Röntgen, 1895). 
!   X-rays have the ability to penetrate most materials. 
!   Max von Laue suggested that the regular array 

of atoms in a crystal could act as a three-
dimensional diffraction grating for x-rays. 

!   The spacing is on the order of 10-10 m�

!   A collimated beam 
of monochromatic        
x-rays is incident 
on  a crystal. 



Diffraction of X-rays 
!   If you shoot a beam of x-rays at a crystal such that it diffracts 

onto a photographic film, the diffracted radiation will have 
sections of high intensity. 

!   These sections correspond to constructive interference. 

!   This array of spots is called 
a von Laue pattern (1912). 

!   Since x-rays are just a form 
of light, these spots are 
caused by a path length 
difference. 



Diffraction of X-rays 

!   For diffraction to occur, the spacing 
between the lines must be 
approximately equal to the 
wavelength of the radiation to be 
measured. 

!   The crystal structure can be 
determined by analyzing the 
positions and intensities of the 
various spots if the wavelength of 
incident radiation is known. 

2d sin! = m"
Bragg’s Law �



Diffraction of X-rays 
!   Laue pattern for beryl. !   Laue pattern for RuBisCO. 



Diffraction of X-rays 
!   A model of the cubic 

crystalline structure of 
sodium chloride. 

!   The blue spheres 
represent the Cl– ions 
and the red spheres 
represent the Na+ ions. 

!   The length of the cube 
(unit cell) edge is        
a = 0.563 nm 



Bragg’s Law 
!   The beam reflected from the lower surface travels 

farther than the one from the upper surface. 
!   If the path length difference equals some integral 

multiple of the X-ray wavelength, you will get 
constructive interference. 

!   Bragg’s Law gives 
the conditions for 
constructive 
interference: 

!   where m = 1, 2, 3,... 



X-ray Diffraction: Summary 
!   W. H. Bragg and his son W. L. Bragg shared a Nobel 

prize in 1915 for their method of X-ray diffraction. 
!   This technique helped to determine the molecular 

structure of proteins, DNA and RNA. 
!   It uses x-rays with λ = 1Å = 0.1nm and allows to 
“see” individual atoms that are separated by about 
this distance in molecules. 

!   The double-helix structure of DNA 
!   An x-ray photo of DNA 



Concept Question �
!   UV light with λ = 350nm is incident on a diffraction grating 

with slit spacing d and forms an interference pattern on a 
screen a distance L away. The locations of the bright fringes 
are marked on the screen. If red light with λ = 700nm is 
used, the bright fringes will coincide with the marks on the 
screen if: �

!   A) the screen is moved to a distance L/2 from the 
grating.�

!   B) the screen is moved to a distance 2L from the 
grating.�

!   C) the grating is replaced with one of slit spacing d/2.�

!   D) the grating is replaced with one of slit spacing 2d.�
!   E) nothing is changed.�

! 

d sin"bright = m#



Quiz 2 Content �

•  Doppler Effect �

•  Standing waves�

•  Interference of light, i.e. chapter 27 �



For Next Time (FNT)�

!   Finish reading Chapter 27 �

!   Finish working on homework for 
Chapter 27 �

!   Prepare for Quiz 2 �


