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Refraction through a Prism:-

A prism is a wedge-shaped body made from a refracting medium bounded by two plane faces inclined to
each other at some angle. The two plane faces are called are the refracting faces and the angle included
between these two faces is called the angle of prism or the refracting angle.

In the below figure (1), ABC represents the principal section of a glass-prism having £A as its refracting
angle.

A ray KL is incident on the face AB at the point F where N,LO is the normal and i, is the angle of incidence.
Since the refraction takes place from air to glass, therefore, the refracted ray LM bends toward the normal such
that 2r.is the angle of refraction. If u be the refractive index of glass with respect to air, then

p=sini/sinr  (By Snell’s law)

The refracted ray LM is incident on the face AC at the point M where N,MO is the normal and 4r, is the angle
of incidence. Since the refraction now takes place from denser to rarer medium, therefore, the emergent ray
MN such that zi, is the angle of emergence.

In the absence of the prism, the incident ray KL would have proceeded straight, but due to refraction through
the prism, it changes its path along the direction PMN. Thus, 2QPN gives the angle of deviation ‘3’, i.e., the
angle through which the incident ray gets deviated in passing through the prism.

Thus, 6=i,—r+i,-r, ... (1)

d0=i+i,—(n+r)

Again, in quadrilateral ALOM,
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2ALO + £AMO = 2rtzs [Since, ZALO = ZAMO = 90°]

S0, ZLAM +2LOM = 2rt£s [Since, Sum of four «s of a quadrilateral = 4 rtzs] ....... (2)
Also in ?LOM,

21441, + £LOM = 2rtss e (3)

Comparing (2) and (3), we get

2LAM = 21, +41,

A= zr +41,

Using this value of £A, equation (1) becomes,

6 = i1+ iz'A

ori,+i,= A+ e (B
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AMGLE OF INCIDEMCE —

The angle of deviation of a ray of light in passing through a prism not only depends upon its material
but also upon the angle of incidence. The above figure (2) shows the nature of variation of the angle of
deviation with the angle of incidence. It is clear that an angle of deviation has the minimum value ‘5, for only
one value of the angle of incidence. The minimum value of the angle of deviation when a ray of light passes
through a prism is called the angle of minimum deviation.

The figure (3) shows the prism ABC, placed in the minimum deviation position. If a plane mirror M is placed
normally in the path of the emergent ray MN the ray will retrace its original path in the opposite direction
NMLK so as to suffer the same minimum deviation d..

In the minimum deviation position, zi, = 2i,

and so 4r, = 21, = £r (say)

Obviously, ZALM = ZLMA =90° — zr

Thus, AL=LM

andso LM 11BC
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Hence, the ray which suffers minimum deviation possess symmetrically through the prism and is parallel to the
base BC.

Since for a prism,

LA =21+ LD

So, A=2r (Since, for the prism in minimum deviation position, 2r, = £r, = £r)

orr=A/2 cee(5)

Again, i, +i,=A+39

ori, +i,=A+3, (Since, for the prism in minimum deviation position, i, = i, and 6 = 6,,)
2, = A+3,

ori,=(A+3,)/2 e..... (6)

Now [ =sini/sinr, =sini/sinr

K =sin [(A +3,) /2] /sin (A/2) e (D)

Equation (7) gives the relation between the refractive index of the material of the prism and the minimum
deviation.

Grazing Incidence:-

When i = 90°, the incident ray grazes along the surface of the prism and the angle of refraction inside the prism

becomes equal to the critical angle for glass - air. This is known as grazing incidence.
Grazing Emergence:-

When e = 90°, the emergent ray grazes along the prism surface. This happens when the light ray strikes the
second face of the prism at the critical angle for glass - air. This is known as grazing emergence.
Maximum Deviation:-
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The angle of deviation is same for both the above cases (grazing incidence & grazing emergence) and it is also
the maximum possible deviation if the light ray is to emerge out from the other face without any total internal

reflection.
Refraction through a prism for small angle of incidence:-

Figure (4) shows a prism having a very small refracting 2A. a ray KL is incident on the face AB such that the
angle of incidence ‘i’ is very small. Accordingly, the angle of refraction ‘r’ will also be very small. Also angles
‘r,”and ‘i,” must also be very small. If ‘n” be the refractive index of the material of the prism, then
p=sini,/sinr,

H=i/n

(Since sin i, =i, and sin r, = r, when angles i and r, are very small)

ori,=pr,

Similarly,i, = pr,

Thus, i, +i,= g+ pR=p(n+ r)
Or,i;+i,=pgA (Since, A=r+ 1) ceeen(8)
Also, i, +i,=A+39 )|

Therefore, from (8) and (9), we get,

A+35= PA

Or,6=pA-A

Oor,6=A-1)

This relation shows that the angle of deviation ‘4’ is independent of the angle of incidence, provided it is

small. In other words, if ‘i,” changes, ‘i,” will also change accordingly.
Dispersion: -
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With the help of Newton’s disc experiment, it can be proved that white light is composed of the seven colours.
Newton’s disc is a disc divided into seven parts. Different parts are coated with pure pigment colours in the
order: violet, indigo, blue, green, yellow, orange and red. On rotating the disc at a high speed, all the colours
merge into one another due to persistence of vision, giving a resultant white impression.

When a ray of white light passes through a prism, it splits up into its constituent’s colours, producing a band of
colours on the screen XY as shown in the figure.

This splitting up of light into its constituent colours is called dispersion.

Reason for Dispersion:-

Refractive index of a transparent medium depends upon the nature of light (i.e., its wave-length) passing
through it. According to Cauchy’s formula, refractive index of a material is given by,

H=A+B/MA+... (10)

Here, ‘A’ and ‘B’ are constants and ‘A’ is the wave-length of light. Medium has greater refractive index for
light and smaller wave-length. Since violet light has smaller wave-length than that for red light, i.e.,A, <A.
Thus, p > W

Where ‘pn,” and ‘p,” are the refractive indices of the medium for violet and red light respectively. In case of a
prism,

M =sin [(A +6.) / 2] / sin (Af2)

Since ‘A’; the angle of prism, is same for all the colours and ‘p,” and ““w,” are different, above equation can
only be satisfied if all the colours have different values of ‘d,’, i.e., they come out along different paths and
hence, the phenomenon of dispersion.

Refraction through a prism:-

As a ray of light is incident on one of the refracting faces of a prism and proceeds through the prism, it
undergoes following two changes:

(a) Deviation  (b) Dispersion

(a)_Deviation:- A ray of monochromatic light (light possessing one wave-length only), while passing through
a prism suffers a change in its path, the phenomenon is known as deviation.
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Color A (nm) Freq (Hz)
Red  760-647 4 3x10"
Orange, 647-585 4,3x|0”
Yellow 585-575  52x10"
Green 575-491  56x10
Blue 491-424 6 6x10"

Violet 424-380  73x10"

it can be shown that the deviation ‘d” suffered by a ray, provided it is incident on one of its faces at a very
small angle, is given by

d=(np-1A e (10)

where ‘A’ is the refracting angle of the prism and ‘p’ is the refractive index of the material of prism for that
particular wave-length of light.

(b) Dispersion:- A ray of light (containing more than one wave-lengths), while passing through the prism
splits up into a number of rays. This phenomenon is called dispersion.

From equation (10) it is clear that deviation suffered by a ray depends upon the refractive index ‘u’ of the
material of prism for that wavelength. So, different wave-lengths contained in the incident ray suffer different
deviations. hence, these constituent rays will emerge along different paths.




. @) Scholarslearning
Prism

Consider a ray of white light incident on one of the faces AB of prism ABC. After passing through the prism,
it splits up into its constituent colours with violet and red as its extreme colours.

Let ‘n,” and ‘u.” be the refractive indices of the material of prism for violet and red colours; then the
corresponding deviations are given by,

d=(-1DA
d=(u—-1)A
Since, W, > W

Therefore, 5,” is greater than “5,”.

Other colours possess deviation in between “6,” and “4,”. Therefore, the colours, in the dispersed beam, will be
spread with in a cone of angle ‘6, —6,”.

‘0, — 0,” is called angular dispersion produced by the prism and is given by

S =8 = [(—DA] - [(u— 1) A]

Oor,d, -8 = — M)A .....(12)

Dividing equation (12) by (11), we get

-6/ =(WU-UA/(H-1)A

0= /6= -/ (L-1)=o

Where ‘o’ is called the dispersive power of the prism.

Dispersive power of a prism is defined as the ratio between angular dispersion to mean deviation
produced by the prism.

If du denotes the difference between the refractive indices of material of prism for violet and red light,
o=0u/p-1

Here “u’ is the refractive index of prism for a mean colour. A mean colour is that colour whose wavelength lies
in between that of violet and red. For white light, yellow colour is, generally, taken to be the mean colour.
Since W, is always greater than L, the dispersive power of a prism is always positive. It depends upon the
type of glass used. It is different for crown glass and for flint glass.

Solved Problems: -

Problem 1:-

A ray of light passing through a glass prism of refracting angle 60°, undergoes a minimum deviation of 30°.
Calculate the velocity of light in glass if the velocity of light in air is 3x10% cm s*.

Solution:-
Here, A = 60°,0,, = 30°, ¢ = 3x10* cm s*
Now, [ =sin [(A +8.)/2]/sin (A/2) e (i)

Also refractive index of a medium is given as
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p = velocity of light on air /velocity of light in medium = c/v veen. (1)
From (i) and (ii), we get,
civ=sin[(A +d,) /2] /sin (A/2)
or 3x10%/ v =sin [(60° + 30°) / 2] / sin (60%2)
= sin 45° /sin 30° = (1/2)x2 =\2
Therefore, v = 3x10©/A2 = (3x10%) / 1.414 = 2.12x10* cm s*
From the above observation we conclude that, the velocity of light in glass would be
2.12x10* cm s™.




