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Interference 

Interference of a light 

When two light waves of same wavelength move simultaneously in 

same direction, superimpose upon each other and resulting in the 

modification of the distribution of intensity i. e., at some point the 

intensity is maximum and at some point the intensity is minimum. It 

means, at certain regions, these waves enhance the light intensity and 

other places, these two waves destroy each other and make the intensity 

minimum. This modification of intensity distribution owing to the 

presence of two or more coherent sources is a specific case of 

superposition of waves and this phenomenon is called interference. The 

point, where the intensity is found maximum, is called constructive 

interference and the point where the intensity is found minimum (zero), 

is called destructive interference.  
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The principle of superposition 

Let us consider two light waves of same wavelength moves 

simultaneously in same direction. Let any instant, the displacement of 

the waves be 𝑦1 and 𝑦2, 

We have  

𝑦1 = 𝑎1 𝑠𝑖𝑛𝜔𝑡  

𝑦2 = 𝑎2 sin (𝜔𝑡 + 𝜑)  

where, 𝑦1 and 𝑦2 be the displacement and 𝑎1  and 𝑎2  be the amplitude of 

the waves, respectively at a time 𝑡. 𝜑 be the phase between the two 

waves. Owing to the superposition phenomenon, the displacement of the 

resultant wave is  𝑌, we have 

𝑌 = 𝑦1 + 𝑦1    

𝑌 = 𝑎1 𝑠𝑖𝑛𝜔𝑡 + 𝑎2 sin (𝜔𝑡 + 𝜑)  

𝑌 = 𝑎1 𝑠𝑖𝑛𝜔𝑡 + 𝑎2 [sin 𝜔𝑡𝑐𝑜𝑠𝜑 + 𝑐𝑜𝑠𝜔𝑡𝑠𝑖𝑛𝜑]  

𝑌 = 𝑎1 𝑠𝑖𝑛𝜔𝑡 + 𝑎2 sin 𝜔𝑡 𝑐𝑜𝑠𝜑 + 𝑎2 𝑐𝑜𝑠𝜔𝑡𝑠𝑖𝑛𝜑  
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𝑌 = (𝑎1 + 𝑎2 𝑐𝑜𝑠𝜑)𝑠𝑖𝑛𝜔𝑡 + (𝑎2 𝑠𝑖𝑛𝜑)𝑐𝑜𝑠𝜔𝑡  

Let 

𝑎1 + 𝑎2 𝑐𝑜𝑠𝜑 = 𝑅𝑐𝑜𝑠𝜃                                                                        (1) 

𝑎2 𝑠𝑖𝑛𝜑 = 𝑅𝑠𝑖𝑛𝜃                                                                                 (2) 

Now, we have 

𝑌 = 𝑅𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜔𝑡 + 𝑅𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜔𝑡  

𝑌 = 𝑅(𝑠𝑖𝑛𝜔𝑡𝑐𝑜𝑠𝜃 + 𝑐𝑜𝑠𝜔𝑡𝑠𝑖𝑛𝜃) 

𝑌 = 𝑅𝑠𝑖𝑛(𝜔𝑡 + 𝜃) 

Where, 𝑅 be the amplitude of the resultant wave.  

On squaring the equations 1 and 2, and adding, we have 

(𝑅𝑐𝑜𝑠𝜃 + 𝑅𝑠𝑖𝑛𝜃)2 = (𝑎1 + 𝑎2 𝑐𝑜𝑠𝜑)2 + (𝑎2 𝑠𝑖𝑛𝜑)2 

𝑅2 = 𝑎1
2 +  𝑎2

2 𝑐𝑜𝑠𝜑2 + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑 + 𝑎2
2 𝑠𝑖𝑛𝜑2 

𝑅2 = 𝑎1
2 +  𝑎2

2 𝑐𝑜𝑠𝜑2 + 𝑎2
2 𝑠𝑖𝑛𝜑2 + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑 

𝑅2 = 𝑎1
2 +  𝑎2

2 (𝑐𝑜𝑠𝜑2 +  𝑠𝑖𝑛𝜑2) + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑 
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𝑅2 = 𝑎1
2 +  𝑎2

2 + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑 

or 

𝑅 = √𝑎1
2 + 𝑎2

2 + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑 

Since, the intensity of wave is directly proportional to the square of the 

amplitude, so we have 

I 𝛼 𝑅2 

I=  𝑘𝑅2 

For, 𝑘 = 1 

I=  𝑅2 = 𝑎1
2 + 𝑎2

2 + 2𝑎1 𝑎2 𝑐𝑜𝑠𝜑                                                     (3) 

Condition for maximum intensity (constructive interference) 

From the equation 1, it is clear that if 𝑐𝑜𝑠𝜑 = 1, intensity will be 

maximum 

It means; for = 0, 2𝜋, 4𝜋, 6𝜋, 8𝜋 … … … .. ,  

or 
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𝜑 = 2𝑛𝜋, 𝑤ℎ𝑒𝑟𝑒 𝑛 = 0, 1,2,3,4, … … ... Intensity will be maximum. 

Hence,  

𝐼𝑚𝑎𝑥 = (𝑎1 + 𝑎2)2 

Since, the relation between phase difference and path difference is given 

by; 

∆=
𝜆𝜑

2𝜋
                                                                                                    (4) 

Hence ∆= 0, 𝜆, 2𝜆, 3𝜆, … … ….. 

or 

∆= 𝑛𝜆, 𝑤ℎ𝑒𝑟𝑒, 𝑛 = 1,2,3, … … … …. Intensity will be maximum 

Condition for minimum intensity (destructive interference) 

From the equation 1, it is clear that if 𝑐𝑜𝑠𝜑 = 0, intensity will be 

minimum 

It means; for = 𝜋, 3𝜋, 5𝜋, 7𝜋 … … … .. ,  

or 
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𝜑 = (2𝑛 + 1)𝜋, 𝑤ℎ𝑒𝑟𝑒 𝑛 = 0, 1,2,3,4, … … ... Intensity will be 

minimum. Hence,  

𝐼𝑚𝑎𝑥 = (𝑎1 − 𝑎2)2 

Since, the relation between phase difference and path difference is given 

by; 

∆=
𝜆𝜑

2𝜋
                                                                                                    (4) 

Hence ∆= 𝜆 
2⁄ , 3𝜆 

2⁄ , 5𝜆 
2⁄ , … … ….. 

or 

∆= (2𝑛 + 1) 𝜆 2⁄ , 𝑤ℎ𝑒𝑟𝑒, 𝑛 = 0, 1, 2, 3, … … … …. Intensity will be 

minimum 

Young’s two-slit interference 

In 1801, Young first demonstrated experimentally the phenomenon of 

the interference. His experiment is depicted in Fig. 1. 
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Light from sun are allowed to fall on the slit S and then falling on the slit 

S1 and S2 as shown in Fig. 1. The interference pattern was obtained on 

the screen in form of bright and dark band. In this experiment, slits S1 

and S2 were much closed to each other and very fine narrow.  

Formation of the fringes 

When the light from the slit S passes and fall on the double slit S1 and 

S2, according to Huygens’s principal, wave from occurs. The bold lines 

shows the amplitude in positive direction (crests) and dotted lines show 

the amplitude in negative direction (Troughs). These wavelets on 

entering into slit S1 and S2 will look to be coming from two sources and 

the radii of these wave fronts increases as they move away from S1 and 

S2 and so superimpose upon each other. At points where crest fall on 

crests or troughs falls on troughs the amplitude add up and result is 

intensity increases. This is called constructive interference. At the point 

where crests fall on troughs or troughs fall on crests, the amplitude are 

reduce (almost zero) and result is intensity decreases (almost zero). This 

is called destructive interference. Hence, on the screen, alternate bright 
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and dark fringes of equal width were observed and these fringes are 

called interference fringes.  

  

 

Figure 1. Schematic representation of Young’s experiment 

Coherence requirement for the sources 

Two narrow light sources are called coherent sources if they emit light 

wave of the same wavelength and also there should be constant phase 

difference in-between them.  
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Two independent sources can never act as coherent sources as a source 

of light consists of large number of atoms and from the atomic theory, 

each atom consists of a central nucleus around which revolve electrons 

in various definite orbits. In the excited state, an electron jumps to a 

higher orbit and so the atom become unstable. The electron 

spontaneously fall back to the inner orbit within 10-8 sec and in doing so 

will give light pulse. The emission of light pulses from various atoms is 

random and so there is no constant phase relationship from two pulses. 

So independent sources or different parts of the same sources cannot act 

as coherent sources. 

Michelson interferometer 

Principal 

The amplitude of the light beam from the source is divided into two 

parts of equal intensities by partial reflection and transmission. These 

beams are then sent in two directions at right angles and are brought 

together after they suffer reflection from plane mirrors to produce 

interference fringes. 
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Construction  

It consists of two highly polished plane mirrors M1 and M2 and plane 

parallel glass plates G1 and G2 of exactly of same thickness. The plate 

G1 is half silvered at the back so that the incident beam is divided into a 

reflected and transmitted beam of equal intensity. The plate G1 and G2 

are parallel to each other and are replaced 45o to the mirror M1 and M2 

which are mutually at right angles to each other. The mirrors M1 and M2 

are provided with screws on their backs, so that they can be adjusted 

exactly 90o to each other. The mirror M1 is mounted on a carriage and 

can be moved exactly parallel to itself with a micrometer screw fitted 

with a graduated drum which can read a displacement ~10-5 cm. The 

interference bands are observed with the help of telescope T. 

Working 

Light from the source S is made parallel with a lens L and then falls on a 

glass plate G1 which is partially silvered at back at placed at 45o to the 

incoming parallel beam as depicted in Fig 2.  After falling the beam at 

glass plat G1, the beam is partially reflected from the back surface and 
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partially transmitted. The reflected beam moves towards M1 at the right 

angle of incident beam and reflected back to G1. Further, it gets refracted 

through G1 and enters into telescope T.  The partially transmitted beam 

travels along the incident beam and falls on the mirror M2 and reflected 

back to G1. After the reflection from back surface of G1, it enters into the 

telescope T.  Hence two beam received at T are produced from a single 

source by the division of amplitude and we may get interference pattern 

depending upon the distance travelled by them. 

It could be observed that the ray starting from the source S and suffering 

reflection at the mirror M1 travels the glass plate G1 twice where as the 

ray reflected from the mirror M2 travels through the glass plate G1 only 

once. So, the effective distance of the mirrors M1 and M2 from the plates 

G1 are made to be the same by the use of compensating plate G2 of the 

same thickness that if plate G1.   
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Figure 2. Schematic diagram of Michelson’s interferometer 

Adjustment: 

(i) Distance of the mirrors M1 and M2 are adjusted to be nearly equal 

from glass plat G1. 

(ii) In order to make the incident light parallel, a thin sheet with a small 

hole is placed in front of source S. the hole and the light from the source 

are adjusted in the line with the centre of glass plates and mirror M2. A 

lens is then placed between G1 and thin sheet and a plane mirror is 

placed between G1 and lens normally. The lens position is adjusted till 

the image of the hole falls back on the tin plate very close to the hole, 

this will make light to be a parallel beam when it leaves the lens. If the 
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plane mirror is removed, and we light in the direction toward T. we see 

four images of the hole. The mirrors are adjusted till the image coincides 

two by two. If at this stage the tin sheet is removed and the two paths of 

light are exactly, parallel to itself, circular fringes can be seen. By tilting 

mirror M2 slightly, the fringes can be made straight.      

Application of Michelson interferometer 

(i) Determination of wavelength 

Mirrors M1 and M2 are adjusted exactly perpendicular to each other. The 

position of mirror M1 is adjusted till some bright fringes appears in the 

field of view of telescope. Then with the help of a micrometer screw, the 

number of the fringes that pass through the cross-wire of telescope, the 

distance is noted for some number (n) of the fringes. 

Let the distance through which n number of fringes are displaced be d, 

then  

2𝑑 = 𝑛𝜆 
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𝜆 =
2𝑑

𝑛
 

with the help of the micrometer, d is measured correctly up-to 10-4 mm.   

2. Determination of refractive index or the thickness of a 

transparent medium 

If a transparent material is placed in the path of one of the interfering 

beams, the optical path in this beam will increase as light travels 

slowly in the medium. If µ be the refractive index and t the thickness 

of the medium, the optical path will become µt in the medium and the 

increase in optical path will be (µ-1) t passing through the medium.  

To find either t or µ, the two paths AB and AC are made exactly by 

setting up the apparatus with white light so that a straight dark fringe 

coincides with the cross-wire of the telescope. 

The thin transparent material is now introduced between glass plate 

G2 and mirror M2 and the adjustment are made so that light passes 

through it normally. In this position the path difference will be (µ-1) 

t. the position of the mirror M1 is adjusted till again the dark fringe of 
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zero paths coincides with the cross-wire of the telescope. The 

distance d through which mirror M1 is found on the micrometer and 

we have  

(µ-1) t =d 

If t is known we can find µ, or if µ is known t can be found out. 

3. Wavelength  difference or a resolution of spectral lines 

In the case of source of light which consists of lights of two 

wavelengths 𝜆1 and 𝜆2 which differ slightly, we get two sets of fringes 

which on superposition give position of maxima and position of 

minima. The position of maxima is produced when a bright fringe 

from one system falls on the bright fringe of another and position of 

minima is produced when a bright fringe of one system falls on a dark 

fringe of another system. So if mirror is moved so that the position of 

one bright fringe is replaced by the next bright fringe in the field of 

view of telescope, then the number of fringes contained in it of 

smaller wavelength, 𝜆1 is one more than those for wavelength 𝜆2. Let 
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d be the distance through which the mirror is moved from position of 

one maxima to that of next maxima, then we have 

2𝑑

𝜆1
−

2𝑑

𝜆2
= 1 

2𝑑 (
𝜆2−𝜆1

𝜆1𝜆2
) = 1  

Since the difference between 𝜆1  and 𝜆2 is very small, so let 𝜆1𝜆2~𝜆2 

and this small difference is given by  

𝛿𝜆 =
𝜆2

2𝑑
  

To find d the interferometer is adjusted for circular and the mirror M1 is 

so adjusted that we get position of maximum intensity. In this position of 

𝜆1 falls on the maxima of 𝜆2. When mirror M1 is moved, the two sets of 

fringes get out of the step and we will get position of minimum intensity 

when a bright fringe of one set falls on the dark fringe of another. Again 

the mirror M1 is moved till we get again a position of maximum 

intensity. The distance between the two positions is noted on the 
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micrometer screw, which gives the value of d and so 𝛿𝜆 is known from 

the relation  

𝛿𝜆 =
𝜆2

2𝑑
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