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S. No Topics
Lectures 

required

Lect. 

No.

1 Introduction of Diffraction of light 1 1

2
Fraunhoffer’s diffraction, Single Slit:- formulation of resultant 

Intensity.
1 2

3 Diffraction Grating:- theory, construction and spectrum. 1 3

4 Resolving Power & Rayleigh criterion for limit of resolution. 1 4

5 Resolving power of diffraction grating 1 5

6 X-ray diffraction & Bragg’s law. 1 6

7 Numericals 1 7
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Diffraction 



Definition of diffraction of light 

• Diffraction of light :The phenomenon of bending of light waves around the

corners of the obstacle and entering into the region of geometrical shadow of

the obstacle is called diffraction. It was first observed by Scientist Grimaldi.

• Diffraction of light depends on following two factors:

• (1) Size of the slit or aperture (a)

• (2) Wavelength of the light wave incident ( λ)

For maximum diffraction : a= λ

Note: first of all diffraction was observed

in sound waves, since the wavelength of

sound waves(λ =1m) and also size of the

obstacle (a=1m)are nearly equal (a= λ).



Difference between Diffraction and 

Interference

S. 

No.
Properties Diffraction Interference

1 Origin
Superposition between  

infinite coherent waves.

Superposition between 

two coherent waves.

2 Maxima Never of equal intensity. Always of equal intensity

3 Width of fringes Never of equal width.
May or may not be of 

equal width.

4 Minima
Minima intensity may 

increase with order.

All minima have the 

same Intensity.

5
Number of fringes 

observed.
Always small Generally large.





Fraunhoffer’s Diffraction Due to Single Slit

• Experimental Diagram:-









The resultant Intensity at point P’ will be:-

Where                                 is the maximum 
Intensity at the point where all the wave reach 
in the same phase.  



Intensity distribution of diffraction Pattern

It is evident from the equation that the intensity at the point P

depends on the path difference α and consequently on the
angle of diffraction θ. So Sin2 α / α2 gives maximum and
minimum intensity at different point for different value of θ.



2. Principal Minima

For minimum intensity I should be zero.

So, I = 0 → Sin α = 0

For that α = 0, ± Л , ± 2Л, ± 3Л …

But α ≠ 0, because at α = 0, central maxima forms.

So for Principal minima the value of α = ± nЛ

where n = 1,2,3,… and n ≠ 0

Substituting the value of α, we get  

or e sin θ = ± nλ……. This the condition for minima

Thus, the angular positions of first, second and third minima are 

given by  θ =  ± λ/e, ± 2λ/e, ± 3λ/e and so on.



3. Secondary Maxima

To find other direction of maximum intensity, 
differentiate the equation with respect to α
and equate it to zero 



Either Sin α =  0 or (α Cos α – Sin α)  = 0, Since Sin α gives the 

position of minimum intensity, So for secondary maxima-

α Cos α – Sin α)  =  0

α =  tan α



The point of intersection of two curves gives the solution of

equation. From the graph, we get the value of α given by α =
0, ± 1.43Л, ± 2.46Л, ± 3.47Л. But α = 0 shows the position of
central maxima. Thus for other secondary maxima:-

α = ± 1.43Л, ± 2.46Л, ± 3.47Л…. etc.

From the above values, it is clear that the secondary maxima
do not fall at midway between the two minima, but are slightly
displaced towards the centre of the pattern. The value of α can
be approximately given out for secondary maxima as-

α = ± 3Л/2, ± 5Л/2, ± 7Л/2 …….. etc.

Or esinθ=(2n+1)λ/2 ………. This is the condition of maxima



Substituting the value of α in equation, the intensity of secondary maximas

will be-

Ist Secondary Maxima :

Since we know that

Since α = ± 3Л/2 , then

I = 4IO /9Л2

IInd Secondary Maxima :

Since α = ± 5Л/2, then

I = 4IO /25Л2

IIIrd Secondary Maxima :

Since α = ± 7Л/2, then

I = 4IO /49Л2

Ratio of relative intensities of successive maxima are in the ratio

IO : 4IO /9Л2 : 4IO /25Л2 : 4IO /49Л2

Or 1 : 4/9Л2 : 4/25Л2 : 4/49Л2



Intensity distribution by single slit diffraction 



Width of central maxima 



Diffraction grating 



Diffraction due to  N-parallels slits

• It consists of a large no. of shits arranged very close

together intervals. This device is used to study the

optical spectra of light source .

• Definition:- It is a plane glass plate on which a large

number of equidistant, and fine lines are drawn (or

ruled by means of fine diamond point worked with a

ruling engine precession machine (put in constt .

maintained room temp.}.



It is a plane glass plate on which a large number of equidistant ;

parallel , and fine lines are ruled by means of a fine diamond

point worked with a ruling engine precision machine The

number of lines ruled on grating varies from 10000 to 30000 per

inch and width of ruled space varies from 2 to 4 inches. This

device is used To study the optical spectra of light sources.

Principle of Grating

Light diffracted from large number of slits add in

phases to give rise maxima different colours at different positions



Grating is example of Fraunhoffer diffraction.

Grating surface is kept for normal incidence of light beam for source.

Suppose (a+b)-Grating element, a=width of each shit

b- width of opaque space.

There are N slits- suppose S1, S2-------------Sn, slits act as N- Coherent sources,

Hence N waves when interfere, produce maxima and minima.

Calculation of path diff. and phase diff. between waves.

=  2β

It shows that the phase difference between successive wave is constant 

and equal to 2β and phase increase in arithmetic progression.

=  path diff. betn waves S1 & S2

=  phase diff betn waves S1 & S2

2B =



Amplitude of N vibrations in a direction θ, each of amplitude 

Ao = A  Sin α / α having a common phase difference  

2β = 2Л (a + b) Sin θ /  λ



and





Therefore the intensity is given by 

Which is maximum. These maxima is are most 
intense and hence they are called Principal 
Maxima.





Where m has all integers value except 0, 2N,….nN 
because these value of m makes Sin β = 0 which 
correspond to the position of principle maxima. Thus 
m=0 gives the principle maximum, m=1,2,3,…N-1 
gives the minima and then m=N gives again a 
principle maxima. Hence there are N-1 equally 
spaced minima between two adjacent maxima.   



Secondary Maxima:-

As there are N-1 minima between two adjacent

principle maxima, there must be N-2 other maxima,

known as secondary maxima between two principle

maxima.

To find the position of secondary maxima, we first

differentiate equation w.r.t. β and then equate to zero

thus







Diffraction Pattern

Diffraction pattern of plane transmission

grating is product of two components so the

resultant pattern is overlapped pattern due to

the pattern of both component (Diffraction due

to single slit and Interference component).







Formation of spectra with Grating 



Characteristics of Grating 











Formula to determine the wavelength of light 

• Since (a+b) sin θ = ± nλ Or  λ = ± (a+b) sin θ /n, where n=1,2,3……..

• Where  (a+b)= Grating element ,  n= order of spectrum  



6. Maximum/highest/largest wavelength obtained by grating :

Since  (a+b) sin θ = ± nλ

Or  λ = ± (a+b) sin θ /n, 

Maximum possible angle of diffraction is 900 ,

Therefore             λmax = (a+b)/n  ( since θ= 900)

where       (a+b)= Grating element ,

n= order of spectrum

7. Overlapping of Spectral lines : 

(a+b) sin θ = ± n1λ1 = n2 λ2



Resolution

To see two close objects just separate is called
Resolution.

Types of Resolutions:-

(1)Geometrical Resolution:- When the geometrical
position of the two nearby point object are to be
resolved then it is called geometrical resolution. For
example Microscope, Telescope.

(2) Spectral Resolution:- When spectral lines
corresponding to wavelength having small distances
are to be just resolved then it is called spectral
resolution. For example Diffraction Grating.



Resolution Limit:- The smallest distance between the two close

objects whose images can be seen just as separate is called

resolution limit.

Resolving Power:- The ability or the power of an optical

instruments to see to close objects just as separate is called

resolving power.

Relation between resolving power and resolution limit:-

Resolution limit α 1/ Resolving power



Lord Rayleigh Criterion for Resolution

According to this method resolving power of
any optical instruments like grating can be
determined.

In this two closed sources or images of nearly
equal intensity are said to be just resolved
when the central maxima of diffraction pattern
of one source falls at the first minima of
diffraction pattern of second source or vice
versa.



Cases :-

(1) Just resolved:- In case of just resolution the distances between

two closed sources is called resolution limit.

(2) Completely separated:- If the distance between two closed

sources is greater than the resolution limit than the will

appear as completely resolved.



(3) Mixed or unresolved:- If the distance between two closed

sources is less than the resolution limit than the will

appear as mixed or unresolved.



Resolving Power of Grating

The resolving power of diffraction grating is the ability of

grating to resolve two nearby spectral lines that is, to see these

two spectra lines just as separate. It is measured in terms of the

ratio λ / dλ. Here λ is the wavelength of any spectral line (or

their mean) and dλ is the difference in the two wavelengths.

Derivation:-



Let a parallel beam of light of wavelength λ and λ + dλ is incident

normally on the grating surface.

Let nth order principal maxima of wavelength λ is form

the direction θn , than

(a + b) sin θn = n λ

For a principal maxima of wavelength λ + dλ formed in the

direction θn + d θn

(a + b) sin (θn + d θn ) = n (λ + dλ ) …….…….1

Let the position of first minima adjacent to the nth order principal

maxima of wavelength λ is formed in the direction θn + d θn , is

given by

(a+b) sin (θn + d θn ) = m λ / N ..………….2



Where ‘m’ is the order of spectrum for minima and

‘N’ is the no. of lines on the grating

Since first minima corresponds to

m = nN ± 1 …………….3

By putting the value of ‘m’ from equation no. 3 into 2, we get

(a + b) sin (θn + d θn ) = (nN ± 1) λ / N ……..……..4

By comparing equation 2 and equation 4, we get

m λ / N = (nN ± 1) λ / N

On solving we get - λ / dλ = nN

Or resolution limit = dλ / λ = 1 / nN

Where n= order of spectrum

N = number of lines on the grating .



Bragg’s Law

X-ray diffraction by Crystals & Bragg's Law

Crystal :

A solid composed of atoms, ions or molecules arranged in a

pattern that is repeated in thee dimensions are known as crystal.

In crystals, atoms are arranged in various systematic planes.

Normally, interplanner spacing of crystal is order of 1A to 5Aº.

X-rays :

X-rays are invisible electromagnetic radiations in the range of

1Aº – 10 Aº

Soft X-rays ; 10 Aº

Hard X-rays : 1Aº





Derivation of Bragg’s law



When X rays incident on a certain crystal each atom scatters waves in all

directions and the secondary waves coming from these atoms interfere

constructively in one direction and destructive interferly in other directions .

Consider two X-rays incident in a set of crystal planes and they got reflected

by the set of atoms . Now the total path difference between the reflected rays

will be

Δ = BC+CD ,

From figure , BC= d sinθ , CD= d sinθ

Δ = 2d sinθ ………………………………………………… 1

For constructive interference, Δ = n λ ………………………... 2

From 1 & 2

n λ =2d sinθ …. This is Bragg’s law

n λ



Numericals

• A diffraction grating has 5000 lines per cm and the total rules width

is 5 cm. Calculate for a wavelength of 5000Å in second order (i)

the resolving power (ii) the smallest difference in wavelength

resolved (iii) what happens if half the ruling width is covered.

• A grating has 9600 lines uniformly spaced over a width of 3.0 cm

and is illuminated by light from mercury vapour lamp. Find

resolving power of grating in fifth order.

• What must be minimum number of lines per cm in half inch width

grating to resolve the D1 and D2 lines sodium in the first order

(λD1=5896Å, λD2=5896Å).

• Find the maximum inter-atomic spacing of the light rays scattered

by rock salt crystal in the second order spectrum . Given that

wavelength is 1Å.



Lecture contents with a blend of NPTEL 

contents and other platforms 

• http://nptel.iitm.ac.in by  Prof. S. Bhardwaj, IIT 
Kharagpur

• http://nptel.ac.in by Dr. S.Sankaran , IIT 
Madras

• https://www.youtube.com/watch?v=F8Cn6jA
Ma-A by Prof. G. S. Raghuvanshi , JIET Jodhpur.

• https://www.youtube.com/watch?v=n65gZGw
iZtk by Prof. M. K. Srivastava, IIT Roorkee.

http://nptel.iitm.ac.in/
http://nptel.ac.in/
https://www.youtube.com/watch?v=F8Cn6jAMa-A
https://www.youtube.com/watch?v=n65gZGwiZtk
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