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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 
!   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,... 



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



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



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 



Chapter 24 �
We will only cover parts of this chapter! �



Spectrum of EM Waves�

!   There are distinct forms of EM waves at different 
frequencies (and wavelengths).�

!   Recall that the wave speed is given by:              
vwave = c = λ f.�

!   Wavelengths for visible light range between 
400nm (violet) and 700nm (red).�

!   There is no sharp division between one kind of EM 
wave and the next.�



EM Spectrum�
!   Note the overlap between 

types of waves (such as 
UV and X-rays).�

!   All EM waves have the 
same speed in a vacuum, 
what distinguishes the 
types are their frequencies 
or wavelengths.�

!   Note that the visible 
section is a quite small 
portion of the spectrum.�



EM Spectrum�
!   Wavelengths of light can 

range from very long (radio, 
~100km) to very short 
(gamma, ~1fm).�

!   Frequencies have an 
equally long range of 
possible values: (gamma, 
~1022Hz) to (radio, ~10Hz).�

!   Visible light ranges from 
Red (700nm, 4x1014Hz) to 
Violet (400nm, 7x1014Hz) �



EM Spectrum�
!   Radio waves have a long 

wavelength (~100m) and 
thus are good for use as 
a communication tool (TV, 
AM, FM).�

!   Microwaves are smaller 
(~1cm) and interfere 
easily with common things 
(μwave oven grates).�

!   Infrared waves are 
produced by hot objects.�



EM Spectrum�

!   Visible light (~500nm) 
is detected by the 
human eye. We are 
most sensitive to 
yellow-green (560nm).�

!   UV light (~100nm) that 
comes from the Sun is 
mostly absorbed by 
the Earth’s ozone 
layer.�



EM Spectrum�
!   X-rays (~0.1nm) are 

associated with fast 
electrons hitting off of 
a metal target (medical 
applications).�

!   Gamma rays (~1fm) are 
emitted by radioactive 
nuclei.  They can cause 
serious damage to living 
tissue as they penetrate 
deeply into most matter.�



Spherical Waves�
!   A spherical wave propagates radially outward 

from the source (for instance, your cell phone).�

!   The energy propagates equally in all directions.�
!   The intensity is: �

!   The average power is the 
same through any spherical 
surface centered on the 
source.�

!   Intensity will decrease as r 
increases.�



Cell Phone Intensity�
Example �
A cell phone emits 0.60Watts of 1.9GHz radio 

waves.  What are the amplitudes of the electric 
and magnetic fields at a distance of 10cm?�

! Answer�
!   Assume the cell phone is a point source of 

electromagnetic waves (or r = 0).�



Cell Phone Intensity�
! Answer�

!   The intensity of the radio waves at 10cm is: �

!   We want the maximum values 
(amplitudes) for the electric and 
magnetic fields.�



Cell Phone Intensity�
! Answer�

!   For magnetic field we can turn to: �



Concept Question �
!   The amplitude of the oscillating electric field at your 

cell phone is 8μV/m when you are 10km from the 
broadcast antenna.  What is the electric field 
amplitude when you are 20km from the antenna?�

!   A)  8μV/m.�

!   B)  4μV/m.�

!   C)  2μV/m.�

!   D)  1μV/m�



For Next Time (FNT)�

!  Continue Chapter 24 homework.�

!   Finish reading chapter 24.�


