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Wave Optics 

Nature of Light: 

Humans have always been interested to know what light is. In the early days, a light beam was 

thought to consist of particles. Later, the phenomena of interference and diffraction were 

demonstrated which could be explained only by assuming a wave model of light. Much later, it 

was shown that phenomena such as the photoelectric effect and the Compton Effect could be 

explained only if we assume a particle model of light. Now, as we know, the values of the mass 

and charge of electrons, protons, alpha particles, etc., are known to a tremendous degree of 

accuracy approximately one part in a billion! Their velocities can also be changed by the 

application of electric and magnetic fields. Thus, we usually tend to visualize them as tiny 

particles. However, they also exhibit diffraction and other effects which can be explained only if 

we assume them to be waves. Thus, the answers to the questions such as “What is an electron” or 

“What is light?” are very difficult. Indeed electrons, protons, neutrons, photons, alpha particles, 

etc., are neither particles nor waves. The modern quantum theory describes them in a very 

abstract way which cannot be connected with everyday experience. 

Corpuscular theory: Rectilinear propagation of light is a natural deduction on the basis of 

corpuscular theory. This theory can also explain reflection and refraction, though the theory does 

not clearly envisage why how and when the force of attraction or repulsion is experienced 

perpendicular to the reflecting or refracting surface by a corpuscle. Newton assumed that the 

corpuscles possess fits which allow them easy reflection at one stage and easy transmission at the 

other. According to Newton’s corpuscular theory the velocity of light in a denser medium is 

higher than the velocity in a rarer medium. But the experimental results of Foucault and 

Michelson show that the velocity of light in a rarer medium is higher than that in a denser 

medium. Interference could not be explained on the basis of corpuscular theory because two 

material particles cannot cancel one another's effect. The phenomenon of diffraction vrz., 

bending of light round corners or illumination of geometrical shadow cannot be conceived 

according to corpuscular theory because a corpuscle travelling at high speed will not be deviated 

from its straight line path. Certain crystals like quartz, calcite etc. exhibit the phenomenon of 

double refraction. Explanation of this has not been possible with the corpuscle concept. The 

unsymmetrical behavior of light about the axis of propagation (viz. polarization of light) cannot 

be accounted for by the corpuscular theory. 
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Wave theory: Huygens wave theory could explain satisfactorily the phenomena of reflection and 

refraction. Applying the principle of secondary wave points, rectilinear propagation of light can 

be correlated. The phenomenon of interference can also be understood considering that light 

energy is propagated in the form of waves. Two wave trains of equal frequency and arnplitude 

and differing in phase can annul one another's effect and produce darkness. Similar to sound 

waves, bending of waves round obstacles is possible, thus enabling the understanding of the 

phenomenon of diffraction. Double refraction can also be explained on the basis of wave theory. 

According to Huygens, propagation of light is in the form of longitudinal waves. But in the case 

of longitudinal waves, one cannot expect the unsymmetrical behaviour of a beam of light about 

the axis of propagation. This difficulty was overcome when Fresnel suggested that the light 

waves are transverse and not longitudinal. On the basis of this concept, the phenomena of 

polarization can also be understood. Finally, on the basis of wave theory it can be shown 

mathematically, that the velocity of light in a rare medium is higher than the velocity of light in a 

denser medium. This is in accordance with the experimental results on the velocity of light. 

Conclusio:. The controversy between the corpuscular theory and the wave theory existed till 

about the end of the eighteenth century. At one time the corpuscular theory held the ground and 

at another time the wave theory was accepted, the discovery of the phenomenon of interference 

by Thomas Young in l800, the experimental results of Foucault and Michelson on the velocity on 

light in different media and the revolutionary hypothesis of Fresnel in 1816 that the vibration of 

the ether particles is transverse and not longitudinal gave, in a way, a solid ground to the wave 

theory.  

The next important advance in the nature of light was due to the work of Clerk Maxwell. 

Maxwell's electromagnetic theory of light lends support to Huygens wave theory whereas 

quantum theory strengthens the particle concept. It is very interesting to note, that light is 

regarded as a wave motion at one time and as a particle phenomenon at another time 

 

HUYGEN’S PRINCIPLE 

Huygens’ theory is essentially based on a geometrical construction which allows us to 

determine the shape of the wave front at any time, if the shape of the wave front at an earlier 

time is known. A wave front is the locus of the points which are in the same phase; for example, 

if we drop a small stone in a calm pool of water, circular ripples spread out from the point of 
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impact, each point on the circumference of the circle (whose center is at the point of impact) 

oscillates with the same amplitude and same phase, and thus we have a circular wave front. On 

the other hand, if we have a point source emanating waves in a uniform isotropic medium, the 

locus of points which have the same amplitude and are in the same phase is spheres. In this case 

we have spherical wave fronts, as shown in Fig. 1(a). At large distances from the source, a small 

portion of the sphere can be considered as a plane, and we have what is known as a plane wave 

[see Fig.1(b)].  

 

Fig.1 a) A point source emitting spherical waves. b) At large distances, a small portion of the 

spherical wave front can be approximated to a plane wave front, thus resulting in plane waves. 

 

Now, according to Huygen’s principle, each point of a wave front is a source of 

secondary disturbance, and the wavelets emanating from these points spread out in all directions 

with the speed of the wave. The envelope of these wavelets gives the shape of the new wave 

front. In Fig. 2, S1S2 represents the shape of the wave front (emanating from the point O) at a 

particular time which we denote as t = 0. The medium is assumed to be homogeneous and 

isotropic; i.e., the medium is characterized by the same property at all points, and the speed of 

propagation of the wave is the same in all directions. Let us suppose we want to determine the 

shape of the wave front after a time interval of ∇𝑡𝑡. Then with each point on the wave front as 

center, we draw spheres of radius v∇𝑡𝑡, where v is the speed of the wave in that medium. If we 

draw a common tangent to all these spheres, then we obtain the envelope which is again a sphere 

centered at O. Thus the shape of the wave front at a later time ∇𝑡𝑡 is the sphere Sꞌ1Sꞌ2.  

There is, however, one drawback with the above model, because we also obtain a back 

wave which is not present in practice. This back wave is shown as Sꞌ1Sꞌ2 in Fig.2. In Huygen’s 

theory, the presence of the back wave is avoided by assuming that the amplitude of the 

secondary wavelets is not uniform in all directions; it is maximum in the forward direction and 
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zero in the backward direction. The absence of the back wave is really justified through the more 

rigorous wave theory.  

 

Figure 2: Huygens’ construction for the determination of the shape of the wave front, given the 

shape of the wave front at an earlier time. S1S2 is a spherical wave front centered at O at a time, 

say, t = 0. Sꞌ1 Sꞌ2 corresponds to the state of the wave front at a time  ∇𝑡𝑡  which is again spherical 

and centered at O. The dashed curve represents the back wave 
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NEWTON’S RINGS 

When a Plano-convex lens of long focal length is placed on a plane glass plate, a thin film of air 

is enclosed between the lower surface of the lens and the upper surface of the plate. The 

thickness of the air film is very small at the point of contact and gradually increases from the 

centre outwards. The fringes produced with monochromatic light are circular. The fringes are 

concentric circles, uniform in thickness and with the point of contact as the centre. When viewed 

with white light, the fringes are colored. With monochromatic light, bright and dark circular 

fringes are produced in the air film. 

 
Figure 1 

 

S is a source of monochromatic light at the focus of lens L1 shown in figure 1. A horizontal beam 

of light falls on the glass plate B at 45
0
. The glass plate B reflects a apart of the incident light 

towards the air film enclosed by the lens L and the plane glass plate G. the reflected beam from 

the air film is viewed with a microscope. Interference takes place and dark and bright circular 

fringes are produced. This is due to the interference between the light reflected from the lower 

surface of the lens and the upper surface of the glass plate G. 

THEORY: NEWTON’S RINGS BY REFLECTED LIGHT 

Suppose the radius of curvature of the lens is R and the air film is of thickness t at a distance of OQ/2 = r from 

the point of contact O as shown in figure 2. 
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Figure 2 

Here, interference is due to the reflected light. Therefore, for the bright rings we have; 

2μtcosθ = (2n-1)λ/2   (1) 

Where     n = 1, 2, 3,….. etc 

Here, θ is small, therefore cosθ = 1 and for air μ = 1, we get; 

2t = (2n-1)λ/2    (2) 

For dark rings, 

2μtcosθ = nλ 

or       2t = nλ 

where     n = 0, 1, 2,….etc  (3) 

from figure 2 we have  

EP x HE = OE x (2R-OE) 

But      EP = HE = r, and OE = PQ = t 

And      2R-t =2R (approximately) 

r
2
 =2R.t 

or       t = r
2
/2R 

Substituting the value of t in equations (2) and (3) we have; 

For bright rings 

r
2
 = (2n-1)λR/2    (4) 

 𝑟𝑟 =  �(2𝑛𝑛−1)𝜆𝜆𝜆𝜆
2

     (5) 

For dark rings 

r
2
 = nλR     (6) 𝑟𝑟 = √𝑛𝑛𝜆𝜆𝜆𝜆     (7) 
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When n= 0, the radius of the dark ring is zero and the radius of the bright ring is �𝜆𝜆𝜆𝜆
2

. Therefore, 

the centre is dark. Alternately dark and bright rings are produced as shown in figure 3. 

 

Figure 3 

If D is the diameter of the dark ring, then  

D = 2r = 2√𝑛𝑛𝜆𝜆𝜆𝜆     (8) 

For the central dark ring, n =0 which depicts D = 0. This corresponds to the centre of the 

Newton’s rings. While counting the order of the dark rings 1, 2, 3 etc. the central ring is not 

counted. Therefore for the first dark ring n= 1. 

D1 = 2√𝜆𝜆𝜆𝜆 

For the second dark ring n=2, and D2 =2√2𝜆𝜆𝜆𝜆 and for n the dark ring Dn = 2√𝑛𝑛𝜆𝜆𝜆𝜆. Therefore, 

the fringe width decreases with the order of the fringe and the fringes got closer with increase in 

their order. For bright rings 

r
2
 = (2n-1)λR/2      (9) 

or    D2 = 2(2n-1) λR   (10) 

     rn = �(2𝑛𝑛−1)𝜆𝜆𝜆𝜆
2

   (11) 

Therefore, the bright rings can be obtained by substituting the n = 1, 2, 3 etc directly in equation 

(9). 
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DETERMINATION OF WAVELENGTH OF SODIUM LIGHT USING NEWTON’S 

RINGS 

The arrangement used is shown ih Fig. 1 above. S is a source of sodium light. A parallel beam of 

light from the lens L1, is reflected by the glass plate B inclined at an angle of 45
o
 to the 

horizontal. L is a Plano-convex lens of large focal length. Newton's rings are viewed through B 

by the travelling microscope M focused on the air film. Circular bright and dark rings are seen 

with the centre dark. With the help of a travelling microscope, measure the diameter of the nth 

dark ring. 

Suppose, the diameter of the nth ring = Dn 

r
2
 = nλR 

But      rn = Dn/2 

Therefore     (Dn)
2/4 = nλR 

     Dn
2
 = 4nλR   (1) 

Measure the diameter of the n+mth dark ring, let it be Dn+m 

Therefore     (Dn+m)
2
 = 4(n+m)λR  (2) 

Subtracting (1) from (2) we have; 

(Dn+m)
2
- (Dn)

2
 = 4mλR 

or      λ= (Dn+m)
2
-(Dn)

2
/4mR 

Hence, λ can be calculated.  

REFRACTIVE INDEX OF LIQUAID USING NEWTON’S RINGS 

The experiment is performed when there is an air film between the Plano-convex lens and the 

optically plane glass plate. These are kept in a metal container C. The diameter of the nth and the 

(n + m)th dark rings are determined with the help of a travelling microscope (Fig. 4). 

For air    

(Dn+m)
2
 = 4(n+m)λR;    Dn

2
 =4nλR 

D
2

n+m-D
2

n = 4mλR   (1) 

The liquid is poured in the container C without disturbing the arrangement. The air film between 

the lower surface of the lens and the upper surface of the plate is replaced by the liquid. The 

diameters of the nth ring and the (n + m)th ring are determined. 

For the liquid, 2μtcosθ =nλ for dark rings 

or    2μt = nλ. But , t = r2
/2R 

or     2μr2/2R = nλ 
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or     r2 = nλR/μ, but r = D/2; D2 = 4nλR/

 

Figure 5 

If Dnꞌ is the diameter of the nth ring and Dꞌn+m is the diameter of the (n+m)th ring, then 

(Dꞌn+m)
2
 = 4(n+m)λR/μ;  (Dꞌn)2

 = 4nλR/μ 

or    (Dꞌn+m)
2

- (Dꞌn)2
 = 4mλR/μ   (2) 

or    μ = 4mλR/(Dꞌn+m)
2

- (Dꞌn)2   
(3) 

if m, λ, R, Dꞌn+m and Dꞌn are known μ can be calculated.  

 

MICHELSON INTERFEROMETER 

A schematic diagram of the Michelson interferometer is shown in Fig. 1; S represents a 

light source (which may be a sodium lamp) and L represents a ground glass plate so that an 

extended source of almost uniform intensity is formed. G1 is a beam splitter; i.e., a beam incident 

on G1 gets partially reflected and partially transmitted. M1 and M2 are good-quality plane mirrors 

having very high reflectivity. One of the mirrors (usually M2) is fixed and the other (usually M1) 

is capable of moving away from or toward the glass plate G1 along an accurately machined track 

by means of a screw. In the normal adjustment of the interferometer, mirrors M1 and M2 are 

perpendicular to each other and G1 is at 45
0 

to the mirror.  

Waves emanating from a point P get partially reflected and partially transmitted by the 

beam splitter G1, and the two resulting beams are made to interfere in the following manner: The 

reflected wave (shown as 1 in Fig. 1) undergoes a further reflection at M1, and this reflected 

wave gets (partially) transmitted through G1; this is shown as 5 in the figure. The transmitted 

wave (shown as 2 in Fig. 1) gets reflected by M2 and gets (partially) reflected by G1 and results 

in the wave shown as 6 in the figure. This can be easily seen from the fact that if x1 and x2 are the 
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distances of mirrors M1 and M2 from the plate G1, then to the eye the waves emanating from 

point P will appear to get reflected by two parallel mirrors (M1 and M2ꞌ —see Fig. 1) separated 

by a distance x1 ~ x2.  

 
Figure 1: Schematic of Michelson Interferometer 

. 

If we use an extended source, then no definite interference pattern will be obtained on a 

photographic plate placed at the position of the eye. Instead, if we have a camera focused for 

infinity, then on the focal plane we will obtain circular fringes, each circle corresponding to a 

definite value of θ (see Fig 2). Now, if the beam splitter is just a simple glass plate, the beam 

reflected from mirror M2 will undergo an abrupt phase change of π (when getting reflected by the 

beam splitter), and since the extra path that one of the beams will traverse will be 2(x1 ~ x2), the 

condition for destructive interference will be  

2d cos θ = mλ 

where m = 0, 1, 2, 3, . . . . and d = x1 ~ x2 and the angle θ represents the angle that the rays make 

with the axis (which is normal to the mirrors as shown in Fig. 2). Similarly, the condition for a 

bright ring is  

2d cosθ = (m+1/2)λ 
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Figure 2: A schematic of the formation of circular fringes. 

 

We start reducing the value of d, the fringes will appear to collapse at the center and the fringes 

become less closely placed Thus, as d decreases, the fringe pattern tends to collapse toward the 

center. (Conversely, if d is increased, the fringe pattern will expand.) Indeed, if N fringes 

collapse to the center as mirror M1 moves by a distance d0, then we must have 

2d = mλ 

2(d-d0) = (m-N)λ 

Where we have set θꞌ = 0 because we are looking at the central fringe. Thus 

λ = 2d0/N 

This provides us with a method for the measurement of the wavelength. In an actual Michelson 

interferometer, the beam splitter G1 consists of a plate (which may be about 1/2 cm thick), the 

back surface of which is partially silvered, and the reflections occur at the back surface. It is 

immediately obvious that beam 5 traverses the glass plate three times, and to compensate for this 

additional path, one introduces a “compensating plate” G2 which is exactly of the same thickness 

as G1. The compensating plate is not really necessary for a monochromatic source because the 

additional path 2(n–1)t introduced by G1 can be compensated by moving mirror M1 by a distance 

(n–1)t, where n is the refractive index of the material of the glass plate G1. 
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APPLICATIONS OF MICHELSON INTERFEROMETER 

We can perform three types of measurements with a Michelson interferometer 

i) Wavelength of light 

ii) Width and fine structure of spectrum lines, and 

iii) Refractive indices 

a) Determination of wavelength of monochromatic light: 

The interferometer is first adjusted for circular fringes. Thereafter, mirror M2 is adjusted so as to 

obtain a bright spot at the centre of the field of view. If thickness of air film is d and the order of 

the fringe is n, then we have 

2dcosθ = nλ 

At the centre, θ = 0 so that the above relation reduces to  

2d =nλ 

If we move from M2 away from M1 by λ/2, 2d increases by λ and n is replaced by (n+1), i,e the 

centre is now occupied by (n+1)th bright spot. In fact each time , M2 moves through λ/2, the 

next bright spot appears at the centre. If p new fringes appear at the centre of the field when M2 

moves through a distance x, we can write 

x = pλ/2  

so that 

λ = 2x/p 

Thus we can easily measure the wavelength of light emitted by a monochromatic source if we 

can count the number of fringes that appear in moving the mirror M2 through a distance x, which 

can be easily measured. The value of value of λ measured by a Michelson interferometer that 

appears in moving is very accurate since x can be measured by an accuracy of 10
-7

m. 

b) Determination of fine structure of spectral lines: 

When a source of light emits closely spaced spectral lines, such as sodium doublet, having 

wavelength λ1 and λ2 each wavelength produces its own system of rings. Suppose λ1 is only 

slightly greater than λ2. Then for a small thickness film, the fringes correspond to these 

wavelengths will almost coincide in the entire field of view. But if mirror M2 is moved away 

from splitter plate P1, the fringes due to λ1 and λ2 begins to separate out. For a particular 

thickness of the air film, the dark fringes due to λ1 will coincide with bright fringes due to λ2 and 

become indistinguishable again. Moving mirror M2 farther away will, however, make them 
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distinct. Suppose that movement of mirror M2 through a distance x makes n dark fringes due to 

λ1 and (n+1) bright fringes due to λ2 to appear at the centre. Then, we can write 

x = n λ1/2 = (n+1) λ2/2 

or      n = 2x/ λ1 

and      n+1 = 2x/ λ2 

so that     
2𝑥𝑥𝜆𝜆2
− 2𝑥𝑥𝜆𝜆1

= 1 

Hence, the difference in wavelengths is given by 𝜆𝜆1 − 𝜆𝜆2 =
𝜆𝜆1𝜆𝜆2

2𝑥𝑥    (1) 

If λ1 = λ2, we can replace the numerator on RHS of equation (1) by λ2
 , where λ is the mean of λ1 

and λ2. Therefore,  𝜆𝜆1 − 𝜆𝜆2 =
𝜆𝜆2

2𝑥𝑥 

This result shows that once we measure the distance moved by the movable mirror between 

c=two consecutive positions of disappearance of the fringe pattern in the field view and know the 

mean wavelength λ, we can easily determine the difference between the two wavelengths. 

c) Determination of the refractive index of a thin film 

the refractive index of thin transparent plate of known thickness h can be measured by 

introducing it in the fixed arm of the interferometer. This will increase the optical path of this 

beam by (μ-1)h. Moreover insertion of the plate produces a discontinuous shift in the fringe 

pattern and the number of fringes that cross the field of view cannot be counted. In fact if we use 

a monochromatic light source, it is impossible to identify as to which fringe in the displaced set 

corresponds to one in the original set. For this reason the interferometer is set to see straight 

fringes with monochromatic light and white light simultaneously before the plate is inserted. We 

first focus the cross-wire of the achromatic fringe. Then, the given plate is inserted in the path of 

one of the interfering waves. Since the wave traverses the plate twice, an extra path difference of 

2(μ-1)h is introduced between the two interfering beams. As a result, the fringe pattern gets 

shifted. Therefore, the movable mirror M2 is moves till the fringes are brought back to their 

initial positions and the achromatic fringe is made to coincide with the cross-wires. If the 

distance moved by the mirror M2 is x, we can write 

2x = 2(μ-1)h 

or       μ = 1+x/h 
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Alternatively, if p fringes cross the field of view, we can write  

2(μ-1)h = pλ 

or       μ = 1+pλ/2h 

This result shows that once we know p, h and λ, we can easily determine the refractive index of 

the material of the plate. Alternatively, if we know μ, we can determine the thickness of the plate 

of very precisely. 
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