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Reflection

Ray Optics

REFLECTION :

I. Light 1s a form of energy which on striking the eye makes things visible (stimulates the sensation
of vision).

A substance through which light can more or less pass 1 called optical medium.

A medum through which light can pass very easily 1s called transparent medium.

A medmum through which light can partially pass, but through which things cannot be clearly seen
15 called translucent medium. Eg : ground glass, tracing paper, efc.

A medium through which light cannot pass 1s called opaque medium.

f
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Reflection

6. When light travellmg through homogeneous transparent medmm 1s meident on a surface which
separates this medmum from another, then a part of the light comes back mto the first medmum m a
defmite drrection. This 1s called reflection of light. The surface from which reflection takes place
15 called a reflector. The amount of light reflected depends on (1) the angle of meidence and (11) the
nature of the two media.
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Reflection

7. Laws of reflection :

1) The meident ray, the normal o the reflecting surface at the point of incidence and the reflected
ray, all lie m one plane,

11) The angle of incidence 15 equal to the angle of reflection.
8. Image formed by a plane mirror : The image of a point source after reflection on a plane mirror
1) lies on the normal drawn from the source to the mirror,
11) 15 as far behind the murror as the source 15 in front of 1t,
111)1s virtual m nature,
1v)1s of the same size as the object and
v) 15 laterally mverted.
9. A plane mirror can form a real image 1f a convergent beam strikes the murror. (object 15 virtual)
10. The angle between the meident ray and the plane murror 1s known as angle of glancing.
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Reflection

I1. The angle befween the incident ray extended and the reflected ray 1s called the angle of deviation.
[f11s the angle of mcidence, then the angle of deviation 1s (180°-21). The angle of glancmg and the
angle of meidence are complementary 1.e., therr sum 15 90°

12. For a normal meidence, the angle of deviation 15 180°.

3. For the same mcident ray, 1f the plane murror 1s rotated through 6, then the reflected ray rotates
through 26 . Sextant, optical lever and lamp and scale arrangement work on the above priciple.

14, When an object 15 moving 1n front of a plane murror with a velocity v, the image of the observer (as
seen by him) travels to or opposite to the object with twice the velocity with which the observer
moves fo or opposite fo the mirror. Any stationary observer in front of the mirror sees the image
moving with a velocity v.

15, The mmimum size of a plane mirror fixed on the wall of a room 1n which an observer at the center
of the room can see the full image of the wall behind him 15 one third of the wall.
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Reflection

16. The mimmum size of the mirror for seeing the full image of a person 1s half his size.
17. Two mirrors are mclmed at an angle 6. If a ray of light 1s obliquely meident on the first mirror, the
eviation after two reflections 15 360°-26 1.e., the deviation of the ray due to successive reflections

at the two murrors does not depend on the angle of mneidence but depends on the angle between the

LTS,
18. If two plane mirrors are kept at an angle 6 and 1f an object 15 kept between them, then the number

[

. : o 360° 360° .. .
of 1mages formed (n) 1s given by the formula, 1= ~10r1= e which ever 1s odd.

19. Spherical mirror : If the reflecting surface of a murror 1s spherical, then 1t 1s called a spherical
IITTOT.

20. Convex mirror : When the reflecting surface of a spherical mirror 15 bulgmg, then 1t 15 called a
CONVEX MIITOL.
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2.

20.

. Concave mirror : When the reflecting surface of a spherical murror 1s hollow, then it 15 called a

CONCave MIITOL.

. Pole : The center of reflecting surface of a spherical mirror 1s called the pole of the mrror (P).
. Centre of curvature ; The center of the sphere of which the spherical murror 15 a part 15 called the

center of curvature (C).

. Radius of curvature : The radus of the sphere of which the spherical murror 1s a part 15 called the

radmus of curvature of the murror (7).

Principal axis : The lme joming the center of curvature and pole of the murror 1s known as the
principal axis of the mirror.

Principal focus : When rays of light parallel to the principal axis strike a spherical mirror, they
either focus at a pomnt or appear fo diverge from a pont on the prmeipal axis after reflection. This
pomt 15 known as principal focus (F).
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27. Focal length : The distance between the pole and the princtpal focus 1s called focal length (1)

28. The relation between the focal length

=2f

29. Types of images formed with a concave mirror

(f) and the radms of curvature (r) of a spherical mirror 15

Position of Object

Position of image

Nature

Beyond C
ALC

ACF

At mfmity

Berween F & C o
At 111fi11m

Bem Eléll P & ]_:

Between F & C

| AtCiself

Bemnd C

Behmd the muror

| Real

Pom‘r 512& Ieal unelted

D111111115hed 1eal
mvened

5&111& fﬂze 1e*11 mvelted
M“lgmhed 1eal 1111fe1‘ted

Ma 2111hed vumal er ect
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Reflection

30. With a convex murror, the image 1s always formed behind the mirror within its focal length. The
image 1f diminished, virtual and erect.

31. The ratio of the size of the image to the size of the object 15 called linear magnification (m) and
M=V,

b
[

. 1

. Mirror formulae ; -

fou v U+v
{.

v=f(1+m) and u=f) 1+ lJ
om

33. In spherical murrors of large aperture, the margmal and paraxial rays do not come to the same
focus. This 1s known as spherical aberration.

34. A paraboloidal murror has no spherical aberration. It 1s used in reflecting telescopes and 1n search
lights.

. . 10
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Reflection

35. The field of view of a convex mirror 15 more than that of a plane murror. Hence convex mirror 15
used as a rear-view miror.

36. Concave murror 15 an 1deal one for shaving purposes. Ophthalmoscope consists of a concave
murror. It 15 also used by dentists.

o . 11
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Refraction

REFRACTION ;

1. When a light ray travels from one medum to another, 1t suffers a change of direction at the surface
of separation of the two media. This 1s known as refraction.

2. Laws of refraction -

1) The meident ray, the refracted ray and the normal at the point of mcidence
on the surface of separation of the two media, all lie m one plane.

11) For the same pair of media and for the same colour of light, the ratio of the
sine of the angle of mcidence to the sme of the angle of refraction 15 a
constant. Thus s known as Snell’s law. = %

[t the first medmum 15 vacuum, then 1t 15 called absolute refractive mdex.
3. When aray 15 tncident normally 1= 0, r= 0 and hence there 15 no deviation.

o . 12
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i rarer medium

denser medium
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Refraction

L

Ly

When a ray 1s mcident normally 1= 0. r = 0 and hence there is no deviation.

When a ray of light travels from a rarer medmum into a denser medmm, its velocity decreases,
wavelength decreases and its frequency remains unaltered.

Refractive mdex 1s dependent on the colour of light. It 15 mmimum for red and maximum for
violet.

[

Refractive mndex “u” varies with wave length A as
h=A+—. This relation 1s known as Cauchy’s relation.
3
Principle of reversibility of light : If the path of a light ray, after gomg through a number of
reflections and refractions 1s reversed, it always retraces 1ts path m the opposite direction.
As the temperature of a medmum increases, 1ts refractive mdex decreases.

iy 1

alp === ——
Ha  bla

albblc-cMa =1

. . 14
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Medium a

Medium b

Medium c

Medium a

. . 15
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Refraction

9. When a ray 1s passing from one medium ( ) into another medmum (., ), then
wySm1=p,Smr.

10. n= 70 where V,= velocity of light m vacuum and V = velocity of light in the medmum.

My = V—'Where V1= velocity of light m medm 1 & V,=velocity of light i medmum 2.
2

11. When light 15 traveling from rarer medum to denser medium it bends towards normal. When light
1s traveling from denser medium to rarer medmm 1t bends away from normal.
12. When an object placed m a denser medmm 1s seen through a rarer medmum, it
appears to be closer. Eg. a coin placed mnside water. When an object in a rarer
medium 1s seen from a denser medmm, 1t appears to be shifted to a point farther
away from the eye of the observer.
Realdepth

| =
L Apparent depth

. . 16
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Refraction

. The apparent shift produced by a denser medmum of thickness (t) 1s t(1-—).

1
I

The apparent shuft due to multiple layers= [1(1—i )i - ...

i1 .

. When a ray travels through a glass slab, 1t suffers displacement or lateral shift but 15 not deviated.

tsin(i-r)

Lateral shuft (x) 1s given by x =
COST

. When a light ray travels from a denser medium mfo a rarer medmum, the angle of mcidence for

which the angle of refraction becomes 90° 1s known as critical angle (C) of the denser medium
w.1.t. the rarer medmm.

- The critical angle for water (u=4/3) is 48°335" and for glass (1= 3/2) it is 41°49"
. The critical angle 15 proportional to the wavelength of the spectral line. It 15 maximum for red and

minimum for violet. The critical angle 1s proportional to temperature.

. . 18
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Refraction

18. The critical angle (C) depends on the two media. If the angle of mcidence 1s
ereater than the crifical angle, mstead of refraction, reflection occurs. This 15
known as total internal reflection.

1 1

allp =—— SiNCp =——=pll
sinCy, ally

19. Mirages and looming are due to total mternal reflection.

20. Diamond has maximum refractive mdex and hence the least crifical angle.
Hence a well cut diamond shines brilliantly due to total nternal reflection.

21. A small air bubble n water shines due to total mternal reflection.

22. A bob coated with lamp black, placed under water appears silvery white due to total mternal
reflection.

23. The conditions for fotal nternal reflection are (1) light must travel from a denser medium to a rarer
medium and (11) the angle of incidence must be greater than the crifical angle.

20
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Refraction

)4, Uses of total internal reflection: 1) It confmes the light only to the denser medmm and avods

.

refraction, 11) It permuts lossless propagation known as nonradiative propagation 1.e., there 15 no
energy loss durmg transmission, 1) The phenomenon finds wide application m opfical
communication.

Consequences of total internal reflection :

Due to fotal mfernal reflection

a) Anair bubble m water appears shinmg.

b) A diamond glitters.

) Mirages are formed mn places or deserts.

) The images are formed m cold countries durmg to loomimng.

¢) The upper surface of water contamed m a glass beaker and held above the eye level appears silvery.

=, T2

22
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20. Optical Fibre :
a) It 1s a thin fibre of diameter 2 micron made up of pure quartz or glass of high quality known as light
auiding core.
b) It 1s coated with a matertal of less refractive mdex called the claddmg.
¢) The refractive mdex of the core 15 1.7 and that of claddmg 15 1.5 to 1.6,
d) The angle of mcidence on one end of the fibre 1s called launching angle.

¢) The claddmg 1s surrounded by a second co-axial layer which serves as a supportimg structure.

f) The angle of mcidence on the claddmng 15 greater than critical angle of the core with respect to the

cladding. Hence total mternal reflection takes place several times at the cladding and finally emerges
out.

g) To form the 1mage of an object a bundle of fibres of 72 mn number 1s used m general. It 1s called an
optical pipe.

. . 23
www.saitechinfo.net



Refraction

h) Uses :
1) The optical fibres are used m the filed of communication smce they are thm, light weight, flexible
and mterference free.

1) Different ftelephone signals by superposing on the opfical beam can be transmutted
simultaneously through fibres without any mterference. The response time reduces since the
velocity of transmussion 1s high.

1) The optical fibres are used for medical mvestigations. Optical fibres are used i laproscope,
endoscope for visual examination of maccessible regions m the human body.

1v) The optical fibres m the form of photomefric sensors are used for measurmg the blood flow m the
heart.

v) The optical fibre sensors have been used to measure temperature and pressure,

vi) The optical fibres m the form refractometers are used to determme the refractive mdices of
liquids.

. . 24
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1

27. Expression for glancing angle (or) launching angle :
a) The maximum angle of mcidence m air for which all the light 1s totally reflected at the core-cladding
mterface of an optical fibre is called glancing angle.
b) If uy and p, are the refractive mdices of cladding and core respectively (u, >u,) and 6 1s the

2

glancing angle i arr then s 6= ,”." us -y

¢) The factor h'll llg - ;112 is called numerical aperture, denoted by NA.

. NA= 1;"113 —u% .

28. The apparent altitude of a star 1s more than the real altitude because of atmospheric refraction.

29. A person under water observes the setting or rising sun at an angle of 41°25 i.e., (90°-C) with the
horizontal.

30. The sun 1s seen before 1f actually r1ses above the horizon due to atmospheric refraction. If there were no
atmosphere, then the length of the day on earth would decrease by four minutes.

. . 25
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31. The nisig sun appears to be bigger or oval m shape when 1t 15 at the horizon due fo a mosphel‘lc
refraction,

32. If light travels a distance x m a medmm of refractive index p, the equivalent path m vacuum it
would cover m the same tme 15 and 1t 15 called optical path.

LN ]
S

3. For a fish or diver under water, the outside world appears to be within a cone of vertex angle 2C
(=9%°)

34. Tt h1s the depth of the fish from the surface of water of refractive mdex p, the radms of the circle

R on the surface of water through which it can see the outside world 1s

R =htanC or R=.L

v"uz -1

. . 26
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Refraction

35. PRISM :

a) A prism 1s a piece of gas or any other transparent material, bounded by two triangular and three
rectangular surfaces.

. . 28
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b) When a light ray passes through a prism 1t bends towards the base of the prism.
c) The angle made by emergent ray with mcident ray 1s called angle of deviation (d).
d) d=1,+1,-A, A=r,+1, where 1, — angle of incidence,

1, — angle of emergence, A — angle of prism,

r, — angle of refraction at first retracing face,

I, — angle of refraction at second refracting face.

e) As the angle of incidence increases, angle of deviation first decreases to a minimum value (D)
and then ncreases.
f) If d=D, then 1,=1,=1 and r{=1,=1
>D=2I-A A=2r

(A+D'
sin J

II'.

g) =

A
sin—
2

. . 29
www.saitechinfo.net



Refraction

h) As refractive mdex () of material of prism increases the angle of deviation increases.

1) Asangle of prism (A) mcreases, the angle of deviation increases.

1) As wavelength of light ncreases, the angle of deviation decreases. Ex : The angle of deviation
for red 15 mmimum as 1t has maximum wavelength. The angle of deviation of violet 1s
maximum as it has minimum wavelength.

k) If D=A, then y = 2cus%

[) The prism whose angle 1s very small 1s called thin prism.
m)For a thin prism D=(p-1)A.

. . 30
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30. Refraction through a prism :
A = angle of the prism or refractimg angle
D = angle of deviation
11, 1, 7 are the angles of refraction
1) Angle of prism, A=r 1,
11) Angle of deviation D=1,+1-A
siniy sin

ti1)Refractive mdex of the prism, y= — ==
sinr; ~ sinr,

37. Limiting angle of the prism :
a) It 15 the angle of the prism for which a ray grazing on one of the face of the prism after
refraction grazes out from the second face.

. . 31
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b) In this case 1,=1,=90°, r;=1,=C

As A=1;+1>
- A=2C
A 1 1

sinC _ sin(A/2)
d) Angle of deviation, D=1,+1,—A=90+90-2C. - D=180-2C
38. Deviation i a small angled prism :
a) From snell’s law
S1n 1;=p sin r; and sin HL=ps1n 17
For a small angled prism. 1;, 15, 1; and 1, are small
. 1;=ur; and L=pur;
d:(iﬁ‘ig)—fi‘kz L (I‘]"‘l‘g)—iﬂl: LL A—-A
~od=(pn-1)A

. . 32
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b) As u, > ug. Therefore the deviation for violet colour 15 more than the deviation for red colour
(dy>dy).
¢) For a given colour of light the deviation mereases as the angle of the prism mereases.

. a0 A
d) For a given monochromatic light d—1 = A—1 .
2 A2

¢) In case of thin prism, the angle of mmimum deviation, dy=(p—1)A.

. . 33
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LENSES :

39. A transparent substance bounded by two surfaces of definite geometrical shape 1s called lens.

40. A lens may be considered to be made up of a number of small prisms put together.

41. Principal axis : The line joinng the two centres of curvature of the spherical surfaces constituting
a lens 1s called principal axis.

42. Radius of curvature : A double convex lens or a concave lens 1s bounded by two spherical
surfaces which are parts of spheres. The centre of such a sphere 15 called the centre of curvature
and the distance from this centre upto the spherical surface 1s called the radms of curvature,

43. Optic centre : When a ray of light meident on one surface of a lens meets the second surface of the
lens after refraction and passes through a particular pomt on the prmeipal axis mside the lens such
that the emergent ray 15 parallel to the incident ray, then that pornt on the axis 1s called optic centre

(C).

34
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44. Principal focus : When a narrow beam of light parallel to the principal axis strikes a lens, the rays
after refraction either focus at a point (in the case of convex lens) or appear to diverge from a fixed
pomt on the principal axis (in the case of a concave lens) of the lens. This point 1s called principal
focus (F).

45. Focal length : The distance between the optical centre and the principal focus 15 called focal length

(9)

. . 35
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46. Types of images formed with a convex lens :

Position of object Position of image Nature of image Application

. . Point size: real: Astronomical
At mmfinity AtF . '

- imverted telescope

Bevond 2F Between F and 2F .[)11111111511&& real; Camera

! mverted
At 2F At 2F _E-,ame size: real; Erectmg lens of

mverted terrestrial telescope
Between F and 2F Bevond 2F I_v[ag111f1ed. real: Projector
g mverted -

AtF Real

Within the focal
length

At infinity

- On the same side

Magnified:; virtual;
| erect

Slmple microscope

www.saitechinfo.net
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Refraction

47. With a concave lens, rrespective of the position of the object, the image 1s formed on the same side
as the object withmn the focal length. It 1s always diminished, erect and virtual.

48. The shape of u-v graph m the case of a convex lens or concave mirror 1s a rectangular hyperbola.

(I : .. T
49. The shape of —-— graph in the case of a convex lens or concave mirror 15 a straight line,
u v

50. Lens formulae :

T 1 1 uv V
—=—+—; f=—— m=—;
fou v U+Vv u

v="f(1+m); u=f(1+l)
m

51. The sets of points on the principal axis of a lens where the position of the object and the 1mage can
be interchanged are called conjugate foci.

. . 38
www.saitechinfo.net



Refraction

Z z

52. The formula for the focal length by the conjugate foci method 15 = where L=distance

N
[ [

between the object and the screen, d=distance between the two positions of the lens, d=v-u and
L=vHu.

3. The mmimum distance between the object and the real image m the case of a convex lens 1s 4f.

Ly |
S ]

54. Newton's formula 1s f;f=x1x, where x; and x; are the distances of the object and the image from
the first and second focal points of the lens.

. . 39
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Double Convex, R, +ve; R, -ve

Double Concave, R, -—-ve; R, = +ve

R, ORE
D Convexo-concave, R, —-ve; R, -ve

Concavo-convex, R, +ve; R, = +ve

. . 40
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53, If T; 15 the size of the mage m the first case and I 15 the size of the mage mn the second case (of
conjugate foct), then the size of the object= ME .

. . 41
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< \
co mymwm. —

36. Refraction at curved surfaces :

L- l lg — U
hi, Ko _ Mo~

u v R
where p,=refractive index of the medium 1n which the object lies.

1, = refractive mdex of the medium on the other side of curved surface
R =radius of curvature of curved surface

. . 42
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Sign convention :

R 1s positive, 1if object faces convex surface

R 1s negative, if object faces concave surface

v 1s positive, 1f image 1s real (forms on the other side of the lens)

v 1s negative, if image 1s virtual (form on the same side of the lens)

First principal focus 1s the object point for which 1mage point lies at infinity.
g _ e

u=1;; v=«xan

f, R
Power of refracting surface 1s given by A _H2—m
f1 ].11R
Second principal focus is the image point for which object point lies at infinity.
u=o; v=fyand 2 =21
f, R
Power of refracting surface is given by — = 22~ 1
fa 1R

43
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57. Lens maker’s formula is

1 1 1)
R
1_f'u|—um\"f U \'
f \ ”ﬂ‘l ;k,R’| RZJ

where 1= refractive mdex of the material of lens and = refractive mdex of the surrounding

medmm of the lens.
This formula 1s applicable for thin lens and for paraxial rays.

. . 44
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0.
I
)
(

Double Convex, R, — +ve; R, = -ve

Double Concave, R, = -ve: R, = +ve

Convexo-concave, R, = -ve; R, = -ve

Concavo-convex, R, = +ve; R, = +ve

. . 45
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The focal length of a plane glass plate 1s mfmity.
The reciprocal of focal length of a lens measured m metres 1s called its focal power (P).
1 100

P=— (or) P=—
finmetres fincm

38.
59.

60. The unit of focal power 1s dioptre.
61. One dioptre 1s the focal power of a lens of focal length one metre.
62. When two thin lenses of focal lengths f; and £, are kept m contact and £ 15 the focal length of the
combination, then 1. fl + fi orP=P;+Ps.
1 B
. When two thin lenses are separated by a distance d then
1:l+l_i or f= f;|f2 or
£t i f, +f,-d

P =P+P,-P;P,d. It acts as a glass slab 1f f;+f,=d.

6

LA
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64. If a double convex lens 1s vertically cut into two pieces, each piece will have a focal length equal to
twice the original.

63. If a convex lens of focal length f 1s broken nto two semicircular pieces, each piece will have a
focal length f.

06. An air bubble m water behaves like a divergent lens (1.e., concave lens)

67. If a convex lens of focal length f made of glass (1=1.5) 15 mmersed m water (1=4/3), 1ts focal

length becomes 41. The focal power decreases by a factor 4.
63. If a glass lens 15 immersed in a liquid of the same refractive mdex, 1t disappears and does not act
like a lens. 1.e., the lens will have mfimte focal length or zero focal power.

69. A convex lens immersed m a liquid of refractive index greater than the refractive mdex of the lens
behaves like a concave lens.

. . 47
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70. If a planoconvex lens of radms of curvature R and of focal length £ 15 silvered on the plane surface,

. . . f R
1t acts like a concave murror of focal length Sor T
-

71. 1t a planoconcave lens of radms of curvature R and of focal length £ 15 silvered on the plane

. . . . f
surface, 1t acts like a convex murror of focal length > or T
H=

72. If a planoconvex lens of radms of curvature R and of focal length f 15 silvered on the curved
surface, 1t acts like a concave murror of focal length R/ 2.

. . 48
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73. Aberrations :
a) The defects in the optical images 1s known as aberration.
b) There are two types of aberrations.

1) chromatic aberration
11) monochromatic aberration

. . 49
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74. Chromatic aberration :

a) Formation of several images with different colours of an object that give white light 15 called
chromatic aberration.

b) If the 1mage of a white object 15 multt coloured and blurred. This defect 1s called as chromatic
aberrat ion

) It 15 due fo the fact that the focal length varies with wavelength (coolour)

d) Violet ray meet fust and red rays at a farthest pomnt from the lens (1.e., >1,)

¢) The longitudimal chromatic aberration={z—f, (when object 15 at mfinity)

f) The distance x measures longifudmal chromatic aberration and the distance y measures the
lateral chromatic aberration,

. . 50
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75. Characteristics of chromatic aberration :

a) The longitudmal chromatic aberration 1s positive for convex lens and 1s negative for concave
lens.

b) The chromatic aberration depends on the colours of light (wavelength)

¢) The longitudmal chromatic aberration depends on the distance between the mages of different
colours of light and lateral chromatic aberration depends on the sizes of the images.

d) When object 15 at mfmity, longitudinal chromatic aberration 1s equal to the product of the mean
focal length and the dispersive power (material) of the lens.

¢) When object 15 af fmite distance, longitudmal chromatic aberration depends (1) dispersive power
(matertal) of lens (11) mean colour 1mage distance and (111) mean focal length.

o . 51
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76. Elimination of chromatic aberration :

a) Achromatic doublet : The combimnation of lenses 1n contact with each other which minimizes the
chromatic aberration 1s called an achromatic doublet.
The combmation of a convex lens made of crown and a plano-concave lens made of flint glass
acts as achromatic doublet and mimimizes the chromatic aberration.
The combmation of fluorite convex lens and a plano-concave lens made of flint glass 1 called
apochromate and 1t removes completely the chromatic aberration.

b) Achromatic combnation of two lenses separated by a distance : Two thm lenses made of the

same material separated by a distance equal to the mean of their focal lengths elimimates the

- L fo+f
chromatic aberration. 1.e.. d=%.
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¢) Chromatic aberration 1s eliminated by using a pair of thin lenses of focal lengths f; and f,

M4fy + @of Ly =l du . - :
27020 where o=V - W s called dispersive
0 + 0 -1 p-1

separated by a distance d such that d=

POWeT.

. f -|-f2
If the two lenses are made of same material, then d=-—2
d) Chromatic aberration can be elimimated by an achromatic doublet. An achromatic doublet 1s the

combination of a bi-convex lens (usually crown glass) and a plano-concave lens (usually flint
glass) kept 1n contact.

. . : .oy -f 0
¢) The condition to be satisfied by an achromatic doublet is —=—" or 21,22 10 where
(9 fz f'l fg
o and o, are the dispersive powers of the lens. Negative sign shows that one of the lens 1

concave.,
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17.

18.

Spherical aberration :

a) The mability of the lens to form a pomf 1mage of an axial pomt object 1s called spherical
aberration.

b) It 1s due fo the fact that the marginal rays suffer greater deviation than the paraxial rays.
Therefore the margmal rays are focuses nearer than paraxial rays. So the image formed by the
marginal rays 1s nearer than the image formed by paraxial rays.

Characteristics of spherical aberration :

a) The spherical aberration produced by a concave lens 1s negative while that produced by a
convex lens 15 postive.

b) The spherical aberration depends on the object distance from the optic center.

¢) The spherical aberration depends on the refractive dex of the lens medium and the shape.

d) The spherical aberration varies as the square of the distance of the object ray from the axis.

e) The spherical aberration 1s proportional the square of the total deviation produced by the lens.
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79. Elimination of spherical aberration :

By using Stops :

a) The spherical aberration can be miimised by using stops. An annular disc made with opaque
material acts as stop. When 1t 1s placed i the path of the emergent rays or the central portion of
the lens 1s obscured by a stop allowimg only the peripheral rays fo form the 1mage. It allows
paraxial rays by stopping marginal rays. In this method, the mtensity of image will decrease.

Bending of a lens :

b) If deviations produced m a light ray are equal at the two refracting surfaces of a lens then

spherical aberration becomes mimimum. Such a lens which produced equal deviations at the two
surfaces 1s called a crossed lens.
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The shape of the lens 1s modified to minimise the spherical aberration. This process is called
Ri+Ry
Ry -Ry
R1 and R2 are the radii of curvature of the lens. This factor measures the symmetry of the shape
of the lens. The bending of a lens 1s to find that shape of the lens for which spherical aberration
1s minimum. To determine the proper shape of the lens of material of index of refraction 1.5, we

where

bending the lens. A quantity known as shape factor of a lens is defined as S=

*

. . . Ry 1)
have to choose the values of R; and R, i such a way that the ratio R—' = [ _EJ or the shape
2

factor S=5/7 so that the longitudinal spherical aberration 1s a mmimum.

The general rule to minmise the spherical aberration i a plano-convex lens 1s that the convex
side should face the mcident or emergent beam which ever 1s more parallel to the axis.

A plano convex lens made of flint glass (n=1.68) 1s a perfect crossed lens.

¢) By a swtable combination of convex and concave lenses the spherical aberration can be
minimised.
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By using plano-convex lenses :

d) The spherical aberration can be minimised by using two plano-convex lenses of the same
material placed at a distance equal to the difference of their focal lengths. 1.e., d=f;—f.
The convex surfaces of the lenses must be towards the incident rays.

Suitable combination of a concave and convex lenses :

e) Suitable combination of concave and convex lenses minimises spherical aberration, because a
concave lens produces a negative spherical aberration and a convex lens a positive spherical
aberration.

For every spherical refracting surface there will be a pair of points on the axis such that all the
light rays diverging from a pomt converge at the other point. These pomts are called aplanatic
points. Spherical aberration can be eliminated completely by placing the object at one of those
poinfs.
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80. Optical Instruments:

1. The nearest pont at which an object 1s seen clearly by the eye 15 called the “near point” of the
eye.

2. The least distance upto which on object can be clearly seen by a naked eye 15 called the least
distance of distant vision. That 1s D = 25 cm for normal eve.

The farthest point from an eye at which and object 1s distinctly seen 1s called far point, for a
normal eye 1t 1s theoretically at infinity.

4. Visual angle :It 15 the angle subtended by an object at the eye.
It 1s maximum when the object 1s at the least distance of distinct vision.

2

. . . . . . h
It ‘v 1s the height of the object placed at the near point, the visual angle 156, =—

N

( the angle 1s small) D
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5. MICROSCOPES::
It 15 an optical mstrument used to see very small objects. It’s magnifying power is given by
Visual angle with instrument

Visual angle when object is placed at least distance of distinct vision

A. Simple microscope:
It 15 a single convex lens of lesser focal length.
It 15 also called magnifying glass or reading lens.
Magnification m = D/u.
Magnification when final image is formed at D and (1.e. mpyand ).

My :[1+? and m_ 2[2]

A ImAax L «-ﬂli.t]
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If lens 1s kept at a distance a from the eye then

B D —a d B D—a
my =1+ and m_ =
v v
Cirtaal aned
endnrgedd bymge
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B. Compound microscope:

- o - -
3
o) s fhagp, 1 |
“ - | ' ‘ b
L . ! . ¥
| : : - -
Lo O [ ¥ "
| : ' A“ |
| ™
'.." - » h -
-. ' "
“ | >
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Consist of two converging lenses called objective and eye lens.
fqre jany = objective and (d]‘all]eter}e}?e lens = (dlﬂnlererj{jbj ective
Intermediate 1mage 1s real and enlarged.

Final image 1s magnified, virtual and inverted.

ug= Distance of object from objective (o).

v, = Distance of the image AIBI formed by objective from eye lens.
ue= Distance of A/B/ from eye lens.

v, = Distance of final image from eye lens.

tp = Focal length of objective.

f. = Focal length of eye lens.

. . v, D . .
Magnification m = —“[ — | and the length of the tube 1s L = v, +u,

uy \ U

e J
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1+2

e

.1 s v
Final image formed at D : Magnification m =——"
Uy \

(distance between two lenses) 1s . L, =v, +u,

and length of the microscope tube

Generally object 1s placed very near to the principal focus of the objective hencev, = L, , the

length of the tube.

D
l+—

a J

. -L
Hence. we can write m, =—
0\

Final image formed at =

. D X LD and length of tube L_=uv, + f,

Tow S Sl

For large magnification of the compound microscope, both fy and f, should be small.

The magnifying power os the compoudn microscope may be expressed asm =myxm, ; where

my) 1s the magnification of the objective and me 1s magnification os evye piece.
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6. Astronomical Telescope
(Refracting Type)
By astronomical telescope heavenly bodies are seen.
D) fobjective ~ feyelens 4 dgbiective ~ deyelens (4= diameter)
2) Intermediate 1mage 1s real, mnverted and small (diminshed).
3) Final image 1s virtual, inverted and diminshed.

4) Magnification : m :—é and length. L= f, +u,
u,

5) Magnitication : m,, = —E[HL} and m_ = h

£\ D, f,

(for normal adjustment)
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7) Terrestrial Telescope :
It 15 used to see distance object on the earth.
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1) It consists of three converging lens: objective, eye lens and erecting lens.
2) Final image 1s virtual, erect and diminished.

_Jo

3) Magnification : m=— and m, = ——(1+*—J

u, /.
_h

(for normal adjustment)
J &

4) Length : L=fy + 4f + 5
Lp=1p+4f+u, and
= fO +4f + f{i‘

( f = focal length of erecting lens)
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8. Galilean Telescope:
It 1s also tvpe of terrestrial telescope but of much smaller field of view.

i
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[) Objective 1s a converging lens while eye lens 1s diverging lens.
2) Final image 1s virtual, erect and diminshed

Jo

3) Magnification : m =—
U

é

m,, zﬁ(l—é]md m_ :ﬁ
D /

4) Length : L=+ ue
Lp=1p-u.and = fy- 1,

e J 8
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9. Resolving Limit and Resolving Power :
A.  Telescope:

Smallest angular separations (d,) between two distant objects, whose 1mages are separated in the
telescope 1s called resolving limut.
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. 1.224 .
Resolving limit d, = and resolving power
a
RP)= —=—0 ppocl

dg 1227 A

where a = aperture of objective.
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B.  Microscope:
The resolving power of an opfical mstrument 15 defined as the reciprocal of smallest angular

separation between two neightbourmg objects whose mmages are just distmetly formed by the
mstrument. The smallest angular seperation 1s called the limite of resolution.
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2 s
;L. and RP. 2smd = RPx 1
2using A A

RL=

A= Wavelength of light used to illuminate the object.
1= Refractive mdex of the medum between object and objective

@ = Half angle of the cone of light from the point object, #sm &= Numerical aperture
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31. Evepieces :

a) Eyepiece 15 an optical device used m optical mstrument such as telescope and microscope to see
the fmal image.

b) Eyepiece 15 usually a combmation of two lenses one 1s field lens and the other 15 eye lens.

¢) By usmg an eye piece the aberrations i the image can be elmimated and the field of view can
be mereased.

d) There are several types of eye pieces like Ramsden’s eyepiece, Huygen's eyepiece, Gauss
eyepiece, Kellner eyepiece efc.
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82. Huygen’s eyepiece :

Field lens fve le
ve lkens
o 342 f
4 o
4
I
, G2
-u _-::;==.'-*G-|
4 o >
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a) It consists of two plano-convex lenses of focal length 31 and f separated by a distance of 21.
b) The focal length of the field lens 1s 31 and focal length of eye lens 1s £.
¢) Convex surfaces of both the lenses will be towards mcident light.
d) The effective focal length 1s F=31/2.
e) The distance of the equivalent lens from field lens 15 3f.
f) It 15 a negative eyepiece, since the image due to the objective 1s formed behind the field lens.

o) It 15 not possible to provide cross wires in this eye piece. As the cross wires should be kept at the
position of the 1mage due to the objective.

h) The virtual image formed by the objective 1s at a distance of 31/2 from the field lens.

1) The real image formed by the field lens 15 at a distance of ‘" from the field lens.
1) This eye piece 1s free from chromatic and spherical aberrations.

k) It 15 used m biological instruments m which the cross wires are not required.

75
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83. Ramsdens eyepiece :
a) It consists of two plano-convex lenses of same focal length ‘f” separated by a distance 21/3.

< 2t/3 .
f/3
4P
T L
| S
c Field lens Eve lens
2 ¢ f
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b) Convex surfaces of the lenses face each other. So either lens can be used as field lens or eye
lens.

c) The effective focal length of the eyepiece 1s F=31/4.

d) The distance of the equivalent lens from field lens 1s /2.

e) It 1s a positive eyepiece because the image due to objective 1s formed infront of the field lens.

f) The cross wires are fixed mfront of the field lens at the same position where the image due to
objective 1s formed.

g) The distance of the cross wires before the field lens 1s {/4.

h) The distance of the cross wires from the eye lens 1s a1 % .

1) The virtual 1mage formed by the field lens 1s at a distance of /3 from the field lens and at a
distance of f from the eye lens.

1) It 1s not completely free from chromatic and spherical aberrations.
k) The eyepice 1s used in measuring mstruments like traveling microscope and spectrometer.
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84. Comparision between Ramsden’s and Huygen’s eyepices :

Huygen’s eyepiece Ramden’s eyepiece
Focal plane of the eye-piece lie in between the = Focal plane of the eye-piece lie 1n front of the
two lenses. two lenses at a distance of f/4 from the field
lens.

Image formed by the objective act as virtual : Image formed by the objective act as a real
object for the eye-piece, hence this is called : object for the eye-piece, hence this is called

negative eye-piece. posifive eye piece.

Provision of cross wires 1s not possible. Cross wires can be provided.

Elimmates spherical and chromatic aberrations Minimises the defects of spherical and
completely. . chromatic aberrations.

Field of view 1s mferior. Field of view 1s greater.

Cannot be used for measurement purposes. Can be used for measurement purposes.
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83. Dispersion :

a) The splitting of white light info constituent colours 1s called dispersion and the band of colours
1s called spectrum.

b) Dispersion of light was discovered by Newton.
¢) As the wavelength 1s mmimum for violet and hence R.I 1s maximum for violet.
d) As the wavelength 1s maximum for red and hence R.I 1s minimum for red.
e) A spectrum 1n which there 15 overlapping of colours s called impure spectrum.
f) A spectrum 1n which there 15 no overlapping of colours 1s called pure spectrum.
g) Conditions to get a pure spectrum :
1) The cident beam should be passed through a narrow slit.
11) The meident beam 15 made parallel by using a convergen lens.
111) The prism should be m minimum deviation position.
1v) The emergent beam 1s brought to focus on a screen by using a convergent lens.
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80. Angular dispersion :
a) The difference m deviation between any two colours (generally violet and red) is called angular
dispersion.
b) The angular disperston =dy—dz=(1, - g )A
[since for small angled prism, dy=(p -1)A and dg=(pg -1)A]
§7. Dispersive power :
angular dispersion
mean deviation

a) Dispersive power, o =

dy -d . e
=L R where d=(u—1)A the mean deviation (i.e., for vellow colour)

0]

Ly —HR
-1

L0 =
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Dispersive power 1s independent of the angle of prism. It depends only on refractive mdex and
nature of material.

b) If pyandp, are the refractive indices of two colours and nis the refractive mdex of the mean
iy - Iy
-1

those two colours and for the material of the prism. It 1s mdependent of the angle of the prism
but angular dispersion depends on the angle of the prism.
¢) If f; and 1, are the focal lengths of a lens for clours 1 and 2 and { 15 the focal length of the mean

colour, then the dispersive power of the two colours 1s given by o= It 15 constant for

L df L
colour, then dispersive power of the lens, o = n where £=f/f; .
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88. Deviation without dispersion :
a) Deviation with out dispersion means an achromatic combination of the prisms in which nef or
resultant dispersion 1s zero and deviation 1s produced.

b) For the two prisms made of different materials and of different refractmg angles the net
dispersion 1s zero 1f

1 .

by -t (e gy =05 2o VR
A ( 1

Ly —lip )

angles of two prisms are m the opposite directions.

The negative sign indicates that the refracting
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89. Dispersion without deviation :
A combination of two prisms 1 which the deviation produced for the mean ray (vellow colour) by
the first prism 15 equal and opposite to that produced by the second prism. For the deviation to be

ze10 d+d'=0 = (u-1)A+ (' -9A" =0
A
A ')

The negative sign indicates that refractmg angles of the two prisms are in the opposite directions.
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90. Types of spectra :
Spectra are two types
A) Emussion spectra and B) Absorption spectra
A) Types of emission spectra :
Emission spectra 1s of three fypes.
a) continuous spectra, b) line spectra and ¢) band spectra
a) continuous spectra :
1) It 1s grven by incandescent (red hooted) solids liquids).
11) Contmuous spectrum contains all wavelengths from violet tored.
11)It 1s not the characteristic of atom or molecule but 1f 1s emutted by matter m bulk.
v)It depends on the temperature of the source.
v) It 15 due to thermal excitation.

vi)Incandescent platinum wire (burning platmum wire), burning charcoal, filament of an electric
bulb, kerosene lamp, candle flame, gases under great pressure produce contmuous spectrum.
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b) Line spectrum :

1) Hot gases or vapours in atomic state produce line spectrum.

11) Line spectrum 1s also called 1onic spectrum or atomic spectrum.

111)It consists of bright lines of different colours against dark back ground.
1v) The mtensity of one line 15 different from the other.

v) Line spectrum 1s a discontmuous one.

vi)Line spectrum 1s due to electronic transition from higher orbats to lower orbits.

vii) Line spectrum 15 the characteristic property of the atom producing light and 1t differs
from one element to another.
Vi) Sodium vapour lamp emits light of wavelength 5890 A and 3896 A causing two lines

called Dy, D, lines 1n the spectrum.

1x)Tube light, mercury vapour lamp, hydrogen discharge tube, helmm discharge tube, neon
discharge tube produce line spectrum.
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¢) Band spectrum :

1) Hot gases m molecular state gives band spectrum.

11) It 15 also called molecular spectrum.

m1)It consists of bright bands of different colour over dark back ground. Each band consists of
closely packed lmes.

1v)The spacing between two bands and the width of the band depends on the nature of the
compound.

v) At very high temperature the band spectrum changes mto Ime spectrum as the molecules split
1nfo atoms.

v1) This spectrum 1s due to transition of electrons combined with rotatory, translatory and vibratory
effects of molecules.

Vi) Blue light of Bunsen burner, N, gas, cynogen gas, nitric acid, lead fluoride, calcium
chloride, calctum bromide and other compound of calcium, carbon produce band spectrum.
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B) Absorption spectra :

1) It1s due to absorption of radiation by the matter.

11) Absorption 15 based on Kirchoff’s law which states that a substance which emits particular
wavelength of radiation when excited, also possess the property of absorbing the same
wavelength from the ncident radiation when unexited.

111)Absorption spectrum consists of dark lines over a bright back ground.

1v) Absorption spectrum 1s the characteristic property of the absorbmg matertal. That 15 one can
1dentify what are the elements present m the absorbing material.

v) When the white light 15 passed through the gas m atomic state (say sodmm vapour) lime
absorption spectrum 15 formed.

vi)When the white light 15 passed through the molecular gas (say 1odme vapour) band absorption
spectrum 15 formed.
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91. Solar spectrum :

a) Solar spectrum 15 an absorption spectrum.

b) The dark lmes present in a solar spectrum are called Fraunhoffer lmes.

¢) By studymg Fraunhotferlmes, helmm was first discovered m the sun’s atmosphere before it
could be 1dentified on earth.

d) Fraunhotfer lines are due to absorption of certam wavelength of light by the elements present i
the chromosphere.

¢) The study of Fraunhoffer lines indicates that the chromosphere confam gases of hydrogen,
oxygen, sodium efc.

f) During total solar eclipse the solar spectrum contams bright lmes. It 15 because the absorption
spectrum changes to emission spectrum.
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92. Phosphorescence :

a) Certam substances contmue to emit light even after the mcident light 15 cut off. This
phenomenon 1s called phosphorescence.

Ex : cadmmum sulphide, strontrum sulphide.
93. Fluorescence :
a) The phenomenon of converting radiation of smaller wavelength mto radiation of longer
wavelength.
Ex : Petrol, zinc sulphide, uranmm oxide, qumimne sulphate, barum platmo cyanide, calcum
fluoride, parafin oil.
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