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To observe the rainbow. back of observer must be 
towards the sun. 

V '  . 
=> sin A ·  ,jµ2 - sin2 i > (1 + cos A sin i) 
Squaring both sides, 
sin2 A (µ1 - sin2 i) > (1 + cos A sin i)2 

µ2 sin2 A sin2 A sin2 i > l + cos2 A sin 1 i + 2 cos A sin i 
µ2 sin.2 A >  1 -r- (cos2 A +  sin2 A) sin.2 i + 2 cos A sin i 

sin2 A > 1 + sin2 i + 2 cos A sin i 
The greatest value of sin i = 1 
=> µ2 sin2A > l + 1 -+ 2 cos A 
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Calculate the dispersive power of crown glass where 
= 1 .522 and µR = l.514. 

So!n.: w = 
µ - ! 

1 .522 + 1.514 
2 1 . 5 1 8  

::::::} U) = 
1 .522 L514 

l .5 18 - 1 
SCA1TEIIING Of LIGHT 

0.015. 

B: As sunlight travels through the earth's atmosphere, it 
gets' scattered (changes its direction) by the atmospheric 
particles. Light of shorter wavelengths is scattered much 
more than light of longer wavelengths. lne amount of 
scattering is inversely proportional to the fourth pm,ver \ 
of the wavelength. This is knovm as Rayleigh scattering, 

lll11strations of Scattering llf light 
o Blue colour of sky 
o \Vhite colour clouds 
o The sun looks reddish at the time of sun rise and sun set 
o Da.*lger signals are red. 

Rainbow 
@ Rainbow is a beautiful arc of seven colours seen in the 

sky after rainfull. 
® The rainbow is an example of the dispersion of sunlight 

by the water drops in the atmosphere. This i s  a 
phenomenon due to c.ombJned effect of dispersion, 
refraction and reflection of sunlight by spherical \vater 
droplets of rain. 

*' Generally; there are two kinds of rainbows 
o Primary rn.inbow 
o Secondary rainbow 

® Primary rainbo·rv : Primary rainbow occcrs due to one 
internal reflection and two :refractions from the water 
drops suspended in air. Violet colour is on the inner 
and red colour is on the outer edge. 

,ii, Secondary rainb0¥'/ � Secondary .rainbow occurs due to 
two total internal reflections and two refractions from 
the \Valer drops suspended in air. Red colour is on the 
inner edge and violet colour is on the outer edge. 
The secondary rainbow is fainter than :he primary 
rainbow. 

OPTICAL i�lSTi!UMENTS. 

Humai'I 
Eye is one of the most important optjcai biological 
instru..i.uoot fitted within us. 

• 

• 

• 

Aqueous 
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Vitreous humour 
Light enters through the curved from surface called 
cornea. Then It passes through the which is 
the cen.tTal hole in iris. Tl,1e size of can change 
under control cf muscles. Thus, amount nf light or 
intensity of light entering the eye is controlled by 
the size of pupil. 
Ciliary muscles control the curvature of the lens in 
the eye and change the effective focal of 
crystalline lens of the eye. 'When muscles are fully 
relaxed, focal length is maximum which decreases 
when muscles are strained. 
Light is focused by the eye lens on the retina, The 
retir1a is a film of nerve fibres covering the curved 
back sudllce of the eye. It contains cells in the shapes 
of rods and cones, which sense light intensity an.cl 
colour respectively, and transmit eleerric signals via 
the optic nerve to the brain which process 
this in:tbnnation. 
For image to be dear, it must be formed on retina. 
Thus, image distance is fixed for dear vision and is 
equal to the distance of the retina from the eye hens, 
It is about 2-5 cm for a grown up person. 
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• Focal length of eye lens 
is maximum when ciliary 
muscles are fullyrelaxed 
and is equal to the 
distance between eye 
lens and retina i.e., 2.5 

• 

• 

• 

• 

cm for a grown up person. 
So, when u

max 
= oo and v = + 2.5 �m 

1 I I 1 I I 1 Then -- = - - -- = - - - = - - 0 = -
f max V U

"'"" 
2.5 00 2.5 2.5 

or fmax = + 2.5 cm 

The closest distance for which the lens can focus 
light on the retina is called the least distance of distinct 
vision D, or the near point, which is 25 cm for normal 
vision. So, focal length of eye lens is minimum when 
ciliary muscles are fully strained and object is at near 
point. 
So, when u

mi
n = - 25 cm and v = + 2.5 cm 

1 1 1 1 1 1 1  Then -- = - - -- = - + - = -
fmin V U

min 
2.5 25 25  

25 
or fmin 

= - = + 2.27 cm 
1 1  

So, focal length of eye lens can change within the 
range of 2.27 cm to 2.5 cm by the action of ciliary 
muscles, in order to maintain the same image distance 
(2.5 cm). This property of eye is called accommodation. 
The ability of the eye by virtue of which it can adjust 
its focal length to see objects at infinity to at a closest 
distance of 25 cm from it, i s  called power of 
accommodation. 
Visual angle is the angle subtended by the object at 
the eye lens. 

Size of the object, as observed by the eye depends 
upon the visual angle. When the object is close, visual 
angle is large and object appears large. When object 
is far, visual angle. is small and same object appears 
to be smaller. Visual angle is maximum when the object 
is at the least distance of distinct vision D. 
Resolving power of eye is the reciprocal of the smallest 
angle 0 subtended by two close objects, so that they 
appear separately visible, when observed through the 
eye. This angle 0 is called limit of resolution of eye 
and is less than 1 minute or 1/60°. 

B 

• Persistence of vision : If the time interval between 
two consecutive light pulses is less than 1/16 s, then 
eye cannot distinguish between them and the light 
pulses are then observed to be continuous. This is 
called persistence of vision. 

• Defects of Eye 
Defects of eye are mainly of four types: 
o Myopia 
o Hypermetropia 
o Presbyopia and 
o Astigmatism 

(a) Myopia or Near Sightedness : In this defect of eye, 
the eye lens becomes too thick and cannot focus 
the image of distant objects on the retina, due to 
which eye is not able to observe distant objects clearly. 

. In this defect, lens converges incident light of distant 
object to a point well before the retina, and maximum 
focal length is less than distance between lens and 
the retina i.e., less than 2.5 cm. 
Far point P of a myopic 
eye is the farthest 
distance of the object 
from the eye, of which 
clear image is focused 
on retina. 
This defect is removed 
by introducing an appropriate concave .lens between 
the eye and the object. Concave lens with. right 
diverging effect focuses the image of distant object 
on the retina, and the parallel rays from infinity, appear 
to be coming from far point P to the eye lens. If the 
far point P is at distance x from eye lens, then the 
incident rays from infinity should appear to be coming 
from far point P, after diverging from concave lens. 

' !·� 
;far point 

.,,:::::::�:·t?S 
So, for u = - oo, v = - x 

1 1 1 1 l l - = - - - - - - - - - - + O  or f == -x m  
f V U -X oo X 
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This gives the focal length and P = - _! D gives the 
X power of the concave lens re-quired to correct the defect of the given myopic eye. (b) Hypumetropia sightedness) : fa th.is defect 1:he eye lens becomes too thin and car.not focus the image of nearby objects on the retina, due to which eye is  not able to observe near by objects clearly. In this defect! eye converges incident light of hear by object to a point beh1nd the retina, and minimum focal le!Igth is more than distance betn:een the lens and the retina i.e., more than 2.5 cm. Near D of a hypermetropic eye is the closest distance of the object from the eye, of which clear image is focused on retinE.-, 
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then suffer from both myopia and h:ypennetropia. This is  overcome either by using two separate spectacles, one for myopia and another for or by using a single spectacle having bifocal lens. ( d) Astigmatism : II is the de rec! cf eye which occlll'S when the cornea is not spherical in shape. For e:xrunple, if the cornea :have a larger curvature in the vert:cal pfane tha'1 in the horizontal p1ane, then on looking at a horizontal line:, focusing in the vertical plane is needed for a sharp image. But due to astigmatism, lines in one direction are· weU focus� while those in perpendicula-r dire<:tfon are not. It is corrected by a Jens with one cylindrical surtace. A cylindrical su...face focuses rays in one but nc.t in a perpendicular plane. By choosing the radius cf curvature and axis direction of the cylindrical surface, astigmatism can be corrected, Astigrr,atism can occur along with myopia or hypermetro_pia. 
! @ It is also k,'10\lirn as magnifying glass or simple 

(c) 
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� 

� This defect is removed by interposing an appropriate convex lens between the eye and t..lie object_ Convex lens with the right converging effect focuses the image of nearby object on the retina and the ray from the object at th-e least distance of distinct vision (25 cm), appear to be coming from near point P to the eye lens, If the near point is at distance y from the eye lens, then the incident rays from the object at the least distance of distinct vision (25 cm)1 appear to be coming from near D. after converging from convex lens. So, for u - 0.25 m, v = - y  m 
1 1 1 I 1 I = - - = - - + -- = - - + 4  or / v u y 0.25 y y -- :n 

4y I This gives the focal length and P = --- D y the power of the convex lens required to correct the defect of the given hypermetropic eye. Presbyopia : It ls an old age disease. At old age, ciliary n:uscles ioose their elasticity and cannot change the i focal length of eye lens effectively. Due to this eye lens looses its power of accommodatio�1� and person can 

It consists of a convergent lens with object between its focus 2:n.d optical centre and eye close to h. The image furmed by it is erect, vi."1ual) enlarged and on same sidi of lens between object and infinity. a lVIagnifying power 
angle subtended by image at the eye � £. ,,if angle subtended by the object at the eye tan a a where both the object and image are situated at the least distance of distinct vision. 

® Vlruen the image is formed at infinity (far 
M � D  

f 
0 '\¥hen the image is formed at the least distance of dis::lnci: vision D (near point), 

Ni = 1 +  D 
C"mp!!111ul Mic,ouope * It consists of two convergent lenses of shorr focal lengths and apertures arranged ca�axially. Lens (of focal length/,,} facing the object is knmvn as objective or field lens while the lens ( of focal length f'e) facing the eye, Is lmown as eye-piece or ocular. 'The objective has a smaller aperture and smaller focal length than eye-piece. • Magnif;fag power of a compound microscope 14= m  x m  ' " 
0 When the final image is fonned at infinity (normal adjustment)1 

V (D\ 
}vi = 1'0 -·-J 

- •o ,fe Length of tube, L = v, 
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• When the final image is formed at least distance of distinct vision, 
M = vo (1 + E._) uo fe where u

0 
and v

0 
represent the distance of object and image from the objective lens,f. is the focal length of an eye lens. · 

Length of the tube, L = µ0 + ( fe D ) fe + D  
Astronomical Telescope (Refracting type) • It consists of two converging lenses. The one facing the object is known as objective or field lens and has large focal length and aperture while the other facing the eye is known as eye-piece or ocular has small focal length and aperture. • When the final image is formed at infinity (normal adjustment), 

M = f" 
f, Length of tube, L = f. + .f� • When the final image is formed at least distance of d_istinct vision, 

M =  f. (1+ J, ) 
f, D 

Length of tube, L = fo + fe D . fe + D  
Reflecting Type Telescope • Reflecting type telescope was designed by Newton in order to overcome the drawbacks of refracting type telescope: In a reflecting type telescope, a concave mirror of large aperture is used as objective in place of a convex lens. It possesses a large light gathering power and a high resolving power. Due to this, it enables us to see even faint stars and observe their minute details. 
• In normal adjustment 

Magnifying power, M = f; = ( f) !, f. where R is the radius of curvature of concave mirror. • Reflecting type telescope is free from chromatic aberration because light does not undergo refraction. • By using paraboloidal mirror, spherical aberrations can be eliminated in reflecting type telescope. 
I llustration 14 A compound microscope has an objective of focal length I cm and an eyepiece of focal length 2.5 cm. An object has to be placed at a distance of 1.2 cm away from the 

objective for normal adjustment (far point adjustment). (a) find the angular magnification (b) :find the length of the microscope tube. 
Soln.: (a) Using lens equation for the objective, I 1 1 

V u f 

v
0 

(-1.2 cm) I (1cm) => v
0 

= 6 cm. 
Mfar point = -[ vo )[!}__) = -(�)( lScm ) = -50. 

11
0 

fe l.2 cm 2.5 cm (b) For far point adjustment, the first image formed by the objective should be formed at the focal length of the eye-piece. � L = v0 + fe = 6 cm + 2.5 cm = 8.5 cm. 
dllustration 15· An astronomical telescope has an angular magnification of magnitude 5 for distant objects. The separation between the objective and eyepiece is 36 cm and the final image is formed at infinity. What are the focal length of the objective and eyepiece? 

Soln. : For astronomical telescope, 1ml = [ i) = 5 
and L = f

0 
+ fe = 36 � 5fe + fe = 36 or fe = 6 cm => f

0 
= 30 cm 

WAVEFRONT AND HUYGEN'S PRINCIPLE A source of light sends the disturbance in all the directions and continuous locus of all the particles vibrating in same phase at any instant is called as wavefront. Phase speed is the speed with which a wavefront m·oved outwards from the source. For example, when we throw a stone in still water, circular ripples are produced. Each circular ripple is a wavefront of water waves generated. Generally the wavefronts have the shape similar to the source. For example, a point source produces spherical wave fronts, a line source produces cylindrical wave fronts and a parallel beam of light have plane wavefronts. A wavefront always lies normal to the direction of propogation of waves i.e., normal to the rays of light. ® • Spherical wavefront : For a point source all such points which are equidistant from S point source will lie on a sphere. 
• Cylindrical wavefront : For a source of light linear in shape, such as finerectangular slit, locus of all such points which are equidistant from linear source will be a cylinder. 
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® Plane wavefront : For a parnHel beam of light or a 
small portion of a spherical or cylindrical wRveftont at 
large distance from source will be a plane ,vavefront 

® Ray of : Whatever is the shape of a wavefront, 
the disturbance travels out\vards along straight lines 
emerging from the source, i. e. , the energy of a wave 
travels i n  a direction perpendicular to the wavefront. 

An arrow drawn perpendicular to a wavefront in the 
direction of propagation of  a wave is called a ray. 
If \Ve measure the separation between a pair of wavefronts 
along any ray, it is found to be a constant. 
This illustrates tvvo general principles 
1. Rays are perpendicuiar to wavefronts, 
2. The time taken for light to travel from one wavefront 
to another is the same along any ray. \ 
in case of a plan.e wavefront, the rays -+----+-4------. 
are parallel (figure a) ' Ray 
In case of spherical wavefront, the 
rays either converge to a point 
(figure b) or diverge from a point 
(figure c). 

Figure {a) 

Converging SF\V Diverging SFW 

s 

Ray 4"" 
Figure (b) Figure (c) 

ll!1ygens' Prindpie : 

' 

Huygens principle i s  the basis of wave theozy of light. It 
is lli!eful for finding the position and constrnction of new 
wavefront of any moment. It also teUs how a wavefront 
propagates througb a medium. 
It states that '"Every point on the given primary wavefront 
acrs as a source of secondary wavelets, sending out 
distiirbance 1n all directions in a simliar manner as the 
original source of light does. The nev., position of the 
wavefront at any instant called secondary wavefront ls 
the envelope of the secondary wavelets at that instant" 
Let us discuss the same p1indple i n  points. 
(i) Each point on  a wavefront acts as a fresh source of 
new disturbance, called secondary waves or wavelets. 
(ii) The secondary wavelets spread out in aH directions 
with the speed of iight i n  the given medimn. 

The new wavefront at any later time is given by the 
fonvard envelope (tangential surface in the  forward 
direction) of the secondary wavelets at that time. 
(iv) The secondary waves or wavelets have sam e  
:frequency� wavelength as original waves but h a s  reduced 
intensity. 

• 

• 

• 
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Constructio� 

In order to geometricaHy construct the position or a 
new wavefront after time {, we use Huygen's principle. 
As e very point  acts as new source on primary 
wavefront, AB, so by taking any po1nt on primary 
\vavefront as centre, we dravv small spheres of radius 
ct showing envelope of secondary wavelets in tir,1e 
t, Now a tangent to these A'B' gives the 
position of new secondary wavefront after time t, 

B" B B' 
Huyge-ns' geometric.al construction for the 

propagation of (a} spherical, (b) plane wavefront. 

Huygen argued that the amplitude of the secouda,,--y 
vvavelets is maximum in the forward direction and zero 
in the backward direction. Thus, Huygens could e:-:plain 
the absence of back. v,ravefront Jf' B". '-
Voigt and Kirchoff mathematically proved that the 
contribution of wavelet in a direction making an 
0 with rhe normal to the wavelet is proport!onal to 
� (1 + cos0). 

contribution of the wave1et in backward directio n  
at e = 180D is ZCfQ. 

laws "' Reflection 

0 Let us consider a plane wavefront AB incident cm 
the plane reflecting surface .1-y. Incident rays are normal 
to the \Vave:front AB. 

B B' 

Let in ti.me ''f the s:econdaiy wavelets reaches B I covering 
a distance ct. Similariy frcm each point on  
wavefront AB, seconda.-ry wavelets start growing wifo the 
speed 'c'. To find reflected wavefront aftertime 'r', let us 
draw a of radius 'ct' taking �B· as centre and now 
a. tangent is drawn from B' o n  the sphere the tangent 
B'A' represent reflected wavefront after time t. 

X"·Xv

_,/ 

� �--:·� ::{' . 
" '-' ,/ :··,,, 

'.
.- : ···

: 
� i 

X � l '' � y 
B B' 

For every point on wavefront AB, a corresponding point  
He on the reflected wavefront A' Bf. 
So, comparing two triangle AfJAB' and Af3'A' B 
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We find that 
AB' =  A'B = ct 
BB' = common 

LA =  LA' = 90° 

Thus two triangles are congruent, hence Li . =  Lr 
This proves first law of reflection. 
Also incident rays, reflected rays and nonnal to them all 
lie in the same plane .. This gives second law of reflection. 
Laws of Refraction by Huygens' Principle 
Let us consider a plane wavefront AB incident on the 
plane refracting surface .xy. Incident rays are normal to 
the wavefront AB. 

A 

Let in time t the secondary wavelets from A reaches B' 
covering a distance ct. Similarly from every point on primary 
wavefront AB, secondary wavelets start growing which travel 
with speed c in air and with speed 'v' in denser medium. 
To find refracted wavefront after time 't' let us draw a · 
sphere of radius 'vt' in the denser .medium, taking B as 
centre and now a tangent is drawn from B' on the sphere. 
The tangent B' A' represent refracted wavefront after time 
't' .  For every point on primary wavefront AB, a 
corresponding point lies on the refracted wavefront A'B'. 

In MBB' and M' B' B 
Snell's law can be proved 

sin i ct I BB' c 
sin r = vt I BB' -; = a µg 

So, first law of refraction can be proved. 
Also, the incident ray, refracted rays and normal to . the 
rays, all lie in the same plane. This gives the second law 
of refraction. \Vhen a wave passes from one medium to 
another then change in speed v take place, wavelength ).., 
also changes, whereas its frequency u remains the same. 
INTERFERENCE OF LIGHT 

• It is the phenomenon of redistribution of energy on 
account of superposition of light waves from two 
coherent sources. Interference pattern produce points 
of maximum and rnmimum intensity. Points where 
resultant intensity is maximum, interference is said to 

be constructive and at the points of destructive 
interference, resultant intensity is minimum. 

Conditions for sustained interference of light 

• Toe two sources should continuously emit waves of the 
same wavelength or frequency. 

• The amplitudes of waves from two sources should 
preferably be equal. 

• The waves emitted by the two sources should either be 
in phase or should have a constant phase difference. 

• The two sources must lie very close to each other. 
• · The two sources should be very narrow. 
Intensity distribution 

• If a, b are the amplitudes of interfering waves due to two 
coherent sources and qi is constant phase difference 
between the two waves at any point P, then the resultant 
amplitude at P will be 

R = �a2 + b2 + 2ab cos q> 
If a2 = Ii', b2 = 12, then 
Resultant intensity I =  R2 = a2 + b2 + 2 ab cos(j> 

l = I
1 

+12 + 2 [1;i;  coscj> 
If 1

1 = /2 
= 1

0
, then 

I== 1
0 + 1

0 
+ 21

0 
cos qi = 4/

0 
cos2 t 

I = I1 +I2 + 2 ji;i;_  coscj> 

When cosq> = 1; I,nax == 11 + 12 + 2Ji}; = (.Ji:+ ji;_f 
When COS cj> = - 1, Imln -= ( .Ji: -Kt 
I

,,,
.,, = ( Jfi + .ji;f 

Jmin (Fi -Fit 
If 11 = 1

2 
= 10, then 

I= = 41
0

; I
min 

= 0. 

I= 41 cos2! 
0 2 

If the sources are incoherent, I = 1
1 

+ 1
2 

Young's Double slit Experiment 

• Young's double slit experiment was the first to 
demonstrate the phenomenon of interference of light. 
Using two slits illuminated by monochromatic light 
source, he obtained bright and dark bands of equal width 
placed alternately. These were called interference fringes. 

• For constructive interference (i.e. formation of bright 
fringes) 
For nth bright fringe, 

Path difference = x. � = nJ.. 

where n = 0 for central bright fringe 
n = 1 for first bright fringe, 


