
X-RAY 
• X-rays were discovered in 1895 by the German 

physicist Wilhelm Conrad Röntgen and were so 
named because their nature was unknown at the 
time. 

•  He was awarded the Nobel prize for physics in 1901. 
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X-ray generation 

Characteristic X-rays 

 Accelerated electrons  hit metal target 
 99% of energy dissipated as heat in 

target 
 Remaining energy  is  irradiated out 
 The wavelength  proportional to 

energy  

Bremsstrahlung 
radiation 

(Braking radiation) 



Anode Cr Fe Co Cu Mo Ag 
Kα (Å) 2.29 1.94 1.79 1.54 0.71 0.56 

X-RAY Tubes 

𝝀𝟎 =
𝟏𝟐. 𝟑

𝑽
 𝑨  



Heat 

Incident X-rays 

SPECIMEN 

Transmitted beam 

Fluorescent X-rays 

Electrons 

Compton recoil Photoelectrons 

Scattered X-rays 

Coherent 

From bound charges 

Incoherent (Compton modified) 

From loosely bound charges 

X-ray interaction with mater 

Reflected X-rays 
(at very small angles) 

 X-rays can also be refracted (refractive index slightly less than 1) and reflected (at very small angles) 
 Refraction of X-rays is neglected for now. 

Decay of x-ray in  a material 
𝑰 = 𝑰𝟎𝒆

−𝜶𝒙 
Where 𝜶 is absorption coefficient 



Bragg Law 

• The length DE is the same as EF, so the total distance traveled by 
the bottom wave is expressed by: 

 

 

 

 

 

 

 

 

• Constructive interference of the radiation from successive planes 
occurs when the path difference is an integral number of 
wavelenghts. This is the Bragg Law. 
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Reciprocal lattice and x-ray diffraction 

𝒂∗ =
2𝜋

Ω𝑐
𝒃 × 𝒄  

Basis vectors : a, b, c 
Reciprocal basis vectors : a *, b *, c* 

𝒃∗ =
2𝜋

Ω𝑐
𝒄 × 𝒂  𝒄∗ =

2𝜋

Ω𝑐
𝒂 × 𝒃  

New lattice vector is given by  Gn = n1a *+ n2b *+ n3c* 

If a, b, c are orthogonal set, a *, b *, c*
 forms another orthogonal set. With a* parallel to a, b* 

parallel to b and c* parallel to c .  
In general neither set is orthogonal. 

Ω𝑐 = 𝒂. 𝒃 × 𝒄  , 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙𝑙 

𝑎∗. 𝑎 = 2𝜋 

𝑏∗. 𝑏 = 2𝜋 

𝑐∗. 𝑐 = 2𝜋 

𝑎∗. 𝑏 = 𝑎∗. 𝑐 = 0 

𝑏∗. 𝑐 = 𝑏∗. 𝑎 = 0 

𝑐∗. 𝑎 = 𝑐∗. 𝑏 = 0 Proof 

𝑎∗. 𝑎 = 𝑎.
2𝜋

Ω𝑐
𝒃 × 𝒄  

            =.
2𝜋

Ω𝑐
a. b × 𝒄  

            = 2𝜋 
  
 

 Reciprocal lattice of standard cubic cell is  a standard cubic cell 
 Reciprocal lattice of bcc is an fcc 
 But the reciprocal crystal structure of monoclinic, triclinic and 

hexagonal lattices are the same respectively. 



Brillouin Zone 

 Draw the various lattice vectors connecting origin to the 
neighbouring lattice points in a Reciprocal lattice. 

 Draw straight lines which are perpendicular to these 
vectors at their midpoint. 

 The smallest area enclosed by these lines, is the unit cell 
called first Brillouin Zone. 

 The Brillouin Zone of 3-dimensional lattice encloses a 
volume. 

 One application of reciprocal lattice is its use in 
evaluating lattice sums 

  exp 𝑖𝑨. 𝑅𝑙
𝑁
𝑙=1 = 𝑁 𝛿𝐴,𝐺𝑛  

 

N – total number of cells in the direct 
lattice. 
A – Arbitrary vector 
Gn- reciprocal lattice vector 
 If A=Gn  

A.Rl = Gn.Rl = (n1a* + n2b* + n3c*).(l1a + l2b + l3c) 
  = ( n1l1+n2l2 + n3l3)2π 
 
Hence sum term is in the form exp 𝑖𝑚2𝜋    where m is an 
integer , which is equal to 1. 
If A≠ Gn the sum vanishes 



For a plane with miller indices (h k l),  
the corresponding reciprocal lattice vector is Ghkl= ha*+kb*+lc* 
 
Thus we can say Ghkl is perpendicular to (h k l) plane. 
 
 dhkl= 2π/Ghkl 
 
For (h,k,l) plane the intercepts x, y, z are related by  
 (h, k, l) ~ (1/x, 1/y, 1/z) 
 
From figure, 
u = -xa + yb,  v = yb-zc 
Now 
u. Ghkl = (xa-yb). (ha*+kb*+lc*) = -2π(xh-yk) =0. 
 

dhkl= xa.𝑑ℎ𝑘𝑙 = 𝑥𝒂 . 𝑮 ℎ𝑘𝑙 =
𝑥𝒂 .𝑮𝒉𝒌𝒍

𝐺ℎ𝑘𝑙
 

 



Diffraction condition and Bragg’s Law 

Structure factor 𝑆 =  𝑒𝒊𝒔.𝑹𝒍 𝒄𝑖  
s disappear for all values except s = Ghkl 

 𝑠 = 2
2𝜋

𝜆
sin 𝜃   and 𝐺ℎ𝑘𝑙 =

2𝜋

𝑑ℎ𝑘𝑙
 

 

   2
2𝜋

𝜆
sin 𝜃 =

2𝜋

𝑑ℎ𝑘𝑙
 

 
Hence we can write, 2𝑑ℎ𝑘𝑙 sin 𝜃 = 𝜆 



X-RAY DIFFRACTION METHODS 

X-Ray Diffraction 
Method 

Laue 

Orientation 
Single Crystal 

Polychromatic Beam 
Fixed Angle 

Rotating Crystal 

Lattice constant 
Single Crystal 

Monochromatic Beam 
Variable Angle 

Powder 

Lattice Parameters 
Polycrystal (powdered) 
Monochromatic Beam 

Variable Angle 



Back-reflection Laue Method 

• In the back-reflection method, the film is placed between the x-ray 
source and the crystal. The beams which are diffracted in a 
backward direction are recorded.  

 One side of the cone of Laue 
reflections is defined by the 
transmitted beam. The film 
intersects the cone, with the 
diffraction spots generally lying 
on an hyperbola. 

X-Ray Film 

Single 

Crystal 



Transmission Laue Method 

• In the transmission Laue method, the film is placed behind the 
crystal to record beams which are transmitted through the 
crystal.  

 One side of the cone of Laue 

reflections is defined by the 

transmitted beam. The film intersects 

the cone, with the diffraction spots 

generally lying on an ellipse. 

X-Ray 
Film Single 

Crystal 

http://jcrystal.com/steffenweber/JAVA/jlaue/jlaue.html


Rotating Crystal Method 

          The reflected beams are located on the surface of imaginary 
cones. By recording the diffraction patterns (both angles and 
intensities) for various crystal orientations, one can determine the 
shape and size of unit cell as well as arrangement of atoms inside 
the cell. 

Film 



Powder diffraction method 


