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JEE-Physics
RAY OPTICS

INTRODUCTION

The branch of Physics called optics deals with the behavior of light and other electromagnetic waves. Under
many circumstances, the wavelength of light is negligible compared with the dimensions of the device as in the
case of ordinary mirrors and lenses. A light beam can then be treated as a ray whose propagation is governed
by simple geometric rules. The part of optics that deals with such phenomenon is known as geometric optics.

PROPAGATION OF LIGHT

Light travels along straight line in a medium or in vacuum. The path of light changes only when there is an
object in its path or where the medium changes. We call this rectilinear (straight-line) propagation of light. Light
that starts from a point A and passes through another point B in the same medium actually passes through all
the points on the straight line AB. Such a straight line path of light is called a ray of light. Light rays start from
each point of a source and travel along straight lines till they fall on an object or a surface separating two media
(mediums). A bundle of light rays is called a beam of light.

Apart from vacuum and gases, light can travel through some liquids and solids. A medium in which light can
travel freely over large distances is called a transparent medium. Water, glycerine, glass and clear plastics are
transparent. A medium in which light cannot travel is called opaque. Wood, metals, bricks, etc., are opaque. In
materials like oil, light can travel some distance, but its intensity reduces rapidly. Such materials are called
translucent.

REFLECTION OF LIGHT

When light rays strike the boundary of two media such as air and glass, a part of light is bounced back into the
same medium. This is called Reflection of light.
(i) Regular / Specular reflection :

When the reflection takes place from a perfect plane surface

then after reflection rays remain parallel.

It is called Regular reflection.

(ii) Diffused reflection
When the surface is rough, light is reflected from the surface from bits
of its plane surfaces in irregular directions. This is called diffused
reflection. This process enables us to see an object from any position.

LAWS OF REFLECTION

plane normal to mirror

Incident ray, reflected ray and normal lies in the same plane.

The angle of reflection is equal to the angle of incident i.e. £ i = Zr.

O

In vector form
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To see complete image in a plane mirror the minimum length of plane mirror should be half the height of a
person.

From figure. AHNM and AENM are congruent

1
~.EN = HN .. MD = EN = EHE

Similarly AEN' M' and ALN' M' are congruent

1 1
Length of the mirror MM' = MD + M'D = EHE + EEL

= l(HE+EL)* 1 HL
2 2

.. Minimum of length of mirror is just half of the person.
This result does not depend on position of eye (height of the eye from ground).

This result is independent of distance of person in front of mirror.

Deviation for a single mirror

Total deviation produced by the combination of two plane mirrors which are

inclined at an angle 0 from each other.
=08 +96, =180-2a+180-2B =360 -2 (a0 + B) ..040)

From AQAB,0 +90 - a+90 - B =180 = 6 = o + B ...(i))

Putting the value of 0 in (i) from (i), 6 = 360 - 26

If there are two plane mirror inclined to each other at an angle 6 the number of image (n) of a point object

formed are determined as follows.

360°
(a) If 0 =m is even then number of images n = m - 1
360°
(b) If 0 =m is odd. There will be two case.
(i) When object is not on bisector, then number of images n = m
(i) When object is at bisector, then number of images n = m - 1
360°
(c) If 0 =m is a fraction, and the object is placed symmetrically then no. of images n =nearest even integer
) . Number of images formed if
S.No. Oin m = 360 object is placed
degree 0 asymmetrically symmetrically
1. 0 0 © ©
2. 30 12 11 11
3. 45 8 7 7
4. 60 6 5 5
5. 72 5 5 4
6. 75 4.8 - 4
7. 90 4 3 3
8. 112.5 3.2 - 4
9. 120 3 3 2
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If the object is placed between two plane mirrors then images are formed due to multiple reflections. At each

reflection, a part of light energy is absorbed. Therefore, distant images get fainter.

Keeping the mirror fixed if the incident ray is rotated by some angle, the reflected ray is also rotated by the

same angle but in opposite sense. (See Fig. 1)

(Fig. 1) (Fig. 2)

Keeping the incident ray fixed, if the mirror is rotated by some angle, then the reflected ray rotates by double

the angle in the same sense. (See Fig. 2)

P though speed of object and image are the same

4, — component of velocity of object along parallel to mirror.

Y n v_ = component of velocity of object along normal to mirror.
v,, = component of velocity of image along parallel to mirror.
Stationary Plane Mirror . . .
v, = component of velocity of image along normal to mirror.
Vo If mirror is moving v,, =V, and (Vim )n = —(Vom )n

L V., = component of velocity of object along mirror.

v, = component of velocity of object along normal

| ; o -
g el . .
Vi v__= component of velocity of mirror along normal.

V,,= component of velocity of image along mirror.

V. = component of velocity of image along normal.

Example
Find the velocity of the image.

Solutign

U, =(10 cos 37)i = -8i and V,=(10sin37)j=6j 2L\

U, =2V, -V, = 2(2) -(-8)=4i and ¥, =7, =6] —
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REAL AND VIRTUAL SPACES

A mirror, plane or spherical divides the space into two ;
(@) Real space, a side where the reflected rays exist.

(b) Virtual space is on the other side where the reflected rays do not exist.

Real Virtual Real Virtual Virtual Real
Space Space space E space space space

OBJECT
Object is decided by incident rays only. The point object is that point from which the incident rays actually

diverge (Real object) or towards which the incident rays appear to converge (virtual object).

Point e Point Real
Object “*se (Object) Point
(Real) JPttads Virtuel Object

Image is decided by reflected or refracted rays only. The point image is that point at which the refracted /

IMAGE

reflected rays reflected from the mirror, actually converge (real image) or from which the refracted /reflected

rays appear to diverge (virtual image).

_—7

o) O
(Real image)

.
.
.
.
.,
.,

(Virtual image)

SPHERICAL (CURVED) MIRROR

Curved mirror is part of a hollow sphere. If reflection takes place from the inner surface then the mirror is called

concave and if its outer surface acts as reflector it is convex.

My M
P
principal ..) ............... P
axis C~ S 0 c F
o MY spherical . . M
sphen oal ................. mrror ................
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DEFINITIONS FOR THIN SPHERICAL MIRRORS

(i) Pole is any point on the reflecting surface of the mirror. For convenience we take it as the midpoint P of
the mirror (as shown).

(ii) Principal-section is any section of the mirror such as MM' passing through the pole is called principal-
section.

(iif) Centre of curvature is the centre C of the sphere of which the mirror is a part.
(iv)  Radius of curvature is the radius R of the sphere of which the mirror is a part.
(v) Principal-axis is the line CP, joining the pole and centre of curvature of the mirror.

(vi)  Principal- focus is an image point F on principal axis for which object is at infinity.

centre of
curvature

(vii)  Focal-length is the distance PF between pole P and focus F along principal axis.
(vii)  Aperture, in reference to a mirror, means the effective diameter of the light reflecting area of the mirror.

(ix)  Focal Plane is the plane passing through focus and perpendicular to principal axis.

D P C F P
Focal
plane / 4 B

B Focal
plane

(x) Paraxial Rays Those rays which make small angle with normal at point of incidence and hence are
close to principal axis.

............ n (9 is very small)

(xi) Marginal rays :

Rays having a large angle of incidence (0 is large)
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SIGN- CONVENTION

' A yA i 4 -
light @ o ﬂ, o positive
— = = 2 —
@ = @
8 3 i 3
o Q. positive Q.
C F P —> P F C
paositive negative O X negative positive
«— ° > < I — | —_—
negative = = 5=
© (o] ©
o QU o
QO [en} QD
L 25 v L 2=
. Along principal axis, distances are measured from the pole ( pole is taken as the origin).
. Distance in the direction of light are taken to be positive while opposite to be negative.
. The distances above principal axis are taken to be positive while below it negative.
. Whenever and wherever possible the ray of light is taken to travel from left to right.

RULES FOR IMAGE FORMATION (FOR PARAXIAL RAYS ONLY)

(These rules are based on the laws of reflection Zi = Zr)

A ray parallel to principal axis after reflection A ray passing through or directed towards
from the mirror passes or appears to pass focus, after reflection from the mirror,
through its focus (by definition of focus). becomes parallel to the principal axis.

f=-—e
A ray passing through or directed towards centre Incident and reflected rays at the pole
of curvature, after reflection from the mirror, of a mirror are symmetrical
retraces its path (as for it £ 1 =0 and so Zr =0). about the principal axis Zi = Zr.
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RELATIONS FOR SPHERICAL MIRRORS

Relation between f and R for the spherical mirror

For Marginal rays
In AABC, AB = BC

AL
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AC = CD + DA = 2BCcosO = R = 2BCcos6

and BP =PC - BC =R - R
2cos0 2cos0

= BC =

Note : B is not the focus ; it is just a point where a marginal ray after reflection meets.

For paraxial rays (parallel to principal axis)

R R
(6 small so sinO = 0 , cosO =1, tan® = 0) . Hence BC = E and BP = 5

R
Thus, point B is the midpoint of PC (i.e. radius of curvature) and is defined as FOCUS so BP = f = >

(Definition : Paraxial rays parallel to the principal axis after reflection from the mirror meet the principal

axis at focus)

R
BP is the focal length (f) f= E

Paraxial rays (not parallel to principal axis)

Such rays after reflection meet at a point in the

focal plane (F'), such that

FF' FF'
—=tanO=0=""_ _ "=
P an = p =0=>FF'=10

Relation between u,v and f for curved mirror

An object is placed at a distance u from the pole of a mirror and its image is formed at a distance v (from the

'y

pole)
MP MP MP
If angle is very small : o=— B=—,  7v=—
u R v
from ACMO, B=a+0 =0=f-a
O
from ACMI, y=pB+06 = 06=y-P
so we can write B-a=y-B=>2=y+a
21 1 1. 1.1
"R v u f u v
Sign convention for object/image for spherical mirrors
Real object u -ve Real image v —ve
Virtual object u + ve Virtual image v +ve

mmmm““ﬂwmm

lav]

m NODES\E:\Data\ 2014 \Kota\JEE-Advanced \SMP\Phy\Unit No-11\Ray-Optics\Eng\O1. Ray theory-Part1 .p65



m NODES\E:\Data\2014\Kota\JEE-Advanced\SMP\Phy \Unit No-11\Ray-Opics\Eng\01 . Ray theory-Part1.p65

CAREER INSTITUTE

KOTA (RAJASTHAN

JEE-Physics

MAGNIFICATION

Transverse or lateral magnification

height of image h

. o . m = =
Linear magnification height of object h,

~h, -—v h, v
AABP and AABP are similarso 7 = = T T
h, -u h, u

v v f f -V hi

Magnification m = v m = U = f—u = f = E

inverted-image
(negative m)
I 4..... '. V 4"““

If one dimensional object is placed perpendicular to

the principal axis then linear magnification is called transverse

h, v
or lateral magnification. |™ = h_ = _E
Magnification Image Magnification Image
[m[> 1 enlarged Im| <1 diminished
m < 0 inverted m> 0 erect
Longitudinal magnification

If one dimensional object is placed with its length along the principal axis then linear magnification is called

longitudinal magnification.

length of image |v2 - v1|

Longitudinal magnification: m =1 th of obi t_| |
ength of objec u, —u,

dv
For small objects only : m; = ———
du
1 1 dv du dv
differentiation of —+—=— givesus ~——5 5 =V = ——=
v u f VS ou du

Superficial magnification
If two dimensional object placed with its plane perpendicular to

principal axis its magnification is known as superficial magnification

W,
Linear magnification m = — = —-
hO WO
h=mh ,w=mw and A, =h w
i o i o obj o o
Area of image : A =h  w = mh mw =m?A
image i i o o obj
area of image  (ma) x (mb) 9

Superficial magnification m_ =

(axb)

area of object B

image Ob’ed%
“— U1§

v A
v _[v]_ .
du u

9
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IMAGE FORMATION BY SPHERICAL MIRRORS

Concave mirror
(i) Object : Placed at infinity

Image : real, inverted, diminished at F

Im| <<1 & m<0

U

A
|
L

77

(iii) Object : Placed at C

Image : real, inverted, equal at C
(m=-1)

> =M
h,

5 P
h

\ M

() Object : Placed at F
Image : real, inverted, very large

(assumed) at infinity (m<<-1)

(i) Object : Placed in between infinity and C

Image : real, inverted, diminished in between C and F

Im|l<1 & m<0

€M

Y

(iv) Object : Placed in between F and C

Image : real, inverted, enlarged beyond C

lm|>1 & m<0

(vi) Object : Placed between F and P
Image :

behind the mirror (m > + 1)

virtual, erect, enlarged and

M
For concave mirror
Object Image Magnification
- © F Im|<<1 & m<0
e C-F Im|<1 & m<0
C C m= -1
C-F -0 -C Im|>1 & m<0
Just before F towards C - 0 m <<-1
Just after F towards P + 00 m >>1
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Convex mirror

Image is always virtual and erect, whatever be the position of the object and m is always positive.

M

Object placed

_________ in front of mirror

at F virtual, erect and

rtual, erect, diminished
very small (m<<+1) Vi » erect, dimint

M (m<+1), between P and F

GOLDEN KEY POINTS

. Differences in real & virtual image for spherical mirror
Real Image Virtual Image
i) Inverted w.r.t. object (i) Erect w.r.t. object
ii) Can be obtained on screen (i) Can not be obtained on screen
(iii) Its magnification is positive

iv) Forms in front of mirror (iv) Forms behind the mirror

or real extended object, if the image formed by a single mirror is erect it is always virtua

(
(
(iii) Its magnification is negative
(
(i.e.,m is + ve) and in this situation if the size of image is :

Smaller than object the Equal to dbject the Larger than dbject the
mirror is convex mirror is plane mirror is concave

m<+1 me=+1 m>+1

Example
The focal length of a concave mirror is 30cm. Find the position of the object in front of the mirror, so that the
image is three times the size of the object.

Solution

As the object is in front of the mirror it is real and for real object the magnified image formed by concave mirror

can be inverted (i.e.,real) or erect (i.e.,virtual), so there are two possibilities.
(a) If the image is inverted (i.e., real) Q/%

f -30
=-3=—
f—u -30-u

Object must be at a distance of 40 cm in

m = = u=-40cm

front of the mirror (in between C and F).

(b) If the image is erect (i.e., virtual)

= = 3= —30 = u= —20cm
f—u -30—-u

Object must be at a distance of 20 cm in

m

front of the mirror (in between F and P). Soem

11
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Example

f
A thin rod of length 3 is placed along the principal axis of a concave mirror of focal length f such that its image

which is real and elongated, just touches the rod. What is magnification ?
Solution

Image is real and enlarged, the object must be between C and F.

One end A' of the image coincides with the end A of rod itself.

: .if ..... M
1 N 1 1 2
So v,=u,,. " T [ie,v,=u =-2f
A A Vo Va —f ! A A A B E
f 5 A,
so it clear that the end A is at C. ‘. the length of rod is 3 F%”%f ...................
o 2
f 5
Distance of the other end B from P is u, = 2f ~3° gf
. . . . 1 1 1 5
if the distance of image of end B from P is v, then —+ ——=—=v, = -=f
v _éf —f 2
3
1
o vol=lva| _ 2° 3
.. the length of the image | vy | —| v, |= Ef -2t = Ef and magnification m =& — A= 2 —_=

Jug | —Jua| 17 2
3
Negative sign implies that image is inverted with respect to object and so it is real.

Example
A concave mirror of focal length 10 cm and convex mirror of focal length 15 cm are placed facing each other
40 cm apart. A point object is placed between the mirror on their common axis and 15 cm from the concave
mirror. Find the position of image produced by the reflection first at concave mirror and then at convex mirror.
Solution
For M, mirror O act as a object, let its image is I, then, =+15 =-10

1 1 \ 40cm >
=——=>v=-30cm

1
= _ = _ 4=
u 15 cm, f 10 cm = V+ 15 10

Image 1, will act as a object for mirror M, its distance from mirror M,.

e

u, = ~40 - 30) cm = -10 cm

1 1 1 1 1 1

- — ==

=>——-—=—=v, =+6cm
SO0y, u, f Twv, 10 15 7!

M,
So final image I, is formed at a distance 6 cm behind the convex mirror and is virtual.

Example
The sun subtends an angle 0 radians at the pole of a concave mirror of focal length f. What is the diameter of the
image of the sun formed by the mirror.

Solution

1
Since the sun is at large distance very distant, u is very large and so n ~0
1 1 1 1 1
—t—=7 = —=-—7" = y=-
v u f v f

The image of sun will be formed at the focus and will be real, inverted and diminished

A'B' =height of i do- -t AB o d it
eight of image an Rodius FP : =

12
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VELOCITY OF IMAGE OF MOVING OBJECT (SPHERICAL MIRROR) A

(a) Velocity component along axis (L.ongitudinal velocity) /

Ty,

——>

When an object is coming from infinite towards the focus of concave mirror

1 1 1 1dv 1 du - v -
Lt =- - ——-—F—=0=>v, =-—v_ =-m"v
v u f vodt u® dt u

N

2

2
%
\

dv : , - : du : : - :
v, = p = velocity of image along principal-axis; v_, = & = velocity of object along principal-axis

(b) Velocity component perpendicular to axis (Transverse velocity)

v f f
= — = —_— = = h = h
M7 h, u f-u ! [f -u j ’
—L = velocity of image 1’ to principal-axis

dh, [fjdho fh, du {a m?h, _ } dt
= + ; Vg = mv0y+ f Vox ] dh

dt f-u/ dt  (f-u?dt > d_to = velocity of object 1! to principal-axis

Note : Here principal axis has been taken to be along x-axis.

POWER OF A MIRROR

The power of a mirror is defined as P = —L =— 100
f(m) f(cm)
NEWTON'S FORMULA M
In case if spherical mirrors if object distance (x,) and image distance (x, )
are measured from focus instead of pole, u = —(f+x, ) and v = —(f+x, ), ) u
1 1 1 1 1 1 : Q L EP
by —to =TS =
viou b (fx,) (Frx) o f SO S
1
[ DA ) SR »
on solving |x,x, = f’ This is Newton's formula. v

GOLDEN KEY POINTS

Convex mirrors gives erect, virtual and diminished image.

In convex mirror the field of view is increased as compared to plane

mirror. It is used as rear—view mirror in vehicles.

Concave mirrors give enlarged, erect and virtual image, so these

are used by dentists for examining teeth. Due to their converging

property concave mirrors are also used as reflectors in automobile

head lights and search lights

As focal length of a spherical mirror f=R/2 depends only on the radius of mirror and is independent

of wavelength of light and refractive index of medium so the focal length of a spherical mirror in air or

water and for red or blue light is same.

13
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REFRACTION

Refraction is the phenomenon in which direction of propagation of light changes at the boundary when it passes

from one medium to the other. In case of refraction frequency does not change.

Laws of Refraction

(i) Incident ray, refracted ray and normal always lie in the same plane
My
In vector form (exn)r=0 I,
(ii) The product of refractive index and sine of angle of incidence at a point
in a medium is constant. u, sin i = p, sin r (Snell's law)
In vector form |u1 le nAl=p,lf ﬁ||
Absolute refractive index
c
It is defined as the ratio of speed of light in free space 'c' to that in a given medium v. p or n= —
\Y
Denser is the medium, lesser will be the speed of light and so greater will be the refractive index,
Vglass < Vwater ’ l'l G > MW
Relative refractive index -
When light passes from one medium to the other, the refractive index of \/1\\ My
medium 2 relative to 1 is written as u, and is defined as v, \
: M,
" AR
s oo (©/vy) v,

Bending of light ray

According to Snell's law, p, sini=p,sinr

(i) If light passes from rarer to denser medium p, = p, and p,= p,

sini

=M1 s> o
sinr Uy

so that

In passing from rarer to denser medium, the ray bends towards the normal.

(ii) If light passes from denser to rarer medium p= p and p,= .

sini
_—ZH—R<13 Zi < Zr
sintr  pp

In passing from denser to rarer medium, the ray bends away from the

normal.

14
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APPARENT DEPTH AND NORMAL SHIFT

If a point object in denser medium is observed from rarer medium and boundary is plane,
then from Snell's law we have W, sini = psin r...(i)
If the rays OA and OB are close enough to reach the eye.

A B ‘

. . P , P ™ 4 : /
sml:tanl—d andsmr:tanr—d P y

ac ap ‘ ? Ry
here d_ = actual depth, dap = apparent depth f:iap N A

d A
P _, P % M _HM Bo g
So that equation (i) becomes Mp = d_ = Hg d, dap = i = i, o x .
A4 WO bject

dac
(If w, =1, u, = w then d, =T sod <d_..(i

The distance between object and its image, called normal shift (x)

ac

L] ea

n

ac

n

d 1
=d, [1 - ﬂ i) If d_=d then

X = dac - dap |: dap

Object in a rarer medium is seen from a denser medium

Soe oM _He _2(c1)
d, M, My M
oo M d_ e, dap> d.

A high flying object appears to be higher than in reality.

Gy

x=d

ap

-d

ac

= x=[u—1]dac

LATERAL SHIFT

The perpendicular distance between incident and emergent ray is known as lateral shift.

Lateral shift d = BC and t = thickness of slab

In ABOC sin(i—r)=£=i d = OB sin(i - 1) ..{)
n : OB OB = sini — 1) ...(>i
OD t
In AOBD : =—=-—=0B=
n AO cosr OB OB — (i)
From (i) and (i) d = sin(i —r)

Cosr

15
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TRANSPARENT GLASS SLAB (Normal shift)

When an object is placed infront of a glass slab, it shift the object _ /
/“Z{F
in the direction of incident light and form a image at a distance x. g'/ """
1
1
x=t1-— «——t—>
u

SOME ILLUSTRATIONS OF REFRACTION

Bending of an object
When a point object in a denser medium is seen from a

rarer medium it appears to bend by

Twinkling of stars
Due to fluctuations in refractive index of atmosphere the refraction becomes irregular and the light sometimes
reaches the eye and sometimes it does not. This gives rise to twinkling of stars.

GOLDEN KEY POINTS

. U is a scalar and has no units and dimensions.

. If &, and p, are electric permittivity and magnetic permeability respectively of free space while € and u those of
a given medium, then according to electromagnetic theory.

1 1
c=——=andv_=—=n_ R = /e 1,

. As in vacuum or free space, speed of light of all wavelengths is maximum and equal to ¢ so for all wavelengths
c
the refractive index of free space is minimum and is M= v

m

e
C

Example
A ray of light is incident on a transparent glass slab of refractive index 1.62. If the reflected and refracted rays
are mutually perpendicular, what is the angle of incidence ? [tan™! (1.62) = 58.3]
Solution
According to given problem : r + 90 + ' = 180 ie, r' =90 -r

=1 =090 -1 [+ Zi= 4 and as according to Snell's law: 1 sin i = psin r'

sini=psin (90 - i) = sini=pcosi [.sin (90 - i) = cos i]
=tani=p = i=tan?! p=tan? (1.62) = 58.3

Example
A 20 cm thick glass slab of refractive index 1.5 is kept infront of a plane mirror. An object is kept in air at a
distance 40 cm from the mirror. Find the position of image w.r.t an observer near the object. What is effect of

separation between glass slab and the mirror on image.
Solution

1 1 20
Shifting in object due to glass slab x = d [1 *;j :20{1 *7i| =5 cm

15] 3 -
m ie-sEM

20 100 X
Distance of object from mirror (as seen by mirror) =40 —3 g om uz%
Image will be formed at a distance 3 om from mirror M. . £ 120

Oe - °
2 e 20Cm el . 11 Sy— 100
Shifting in image due to glass slab = 3 cm SY— T— |4 3
40cm
) ) ) 100 20 80

So distance of image from mirror = 3 T3 g cm

Distance of image from the actual plane mirror is independent of separation b between glass slab and the
mirror. If the distance is more then brightness of image will be less.

16
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Example

If one face of a prism angle 30 and p=V2 is silvered, the incident ray retraces its initial path. What is the angle
of incidence ?

EA
Solution ;
As incident ray retraces its path the ray is incident normally on the silvere face of ;

the prism as shown in figure. EE
Further, as in AAED 30 + 90 + /D =180 = /D = 60
Now as by construction, /D + Zr =90 = Zr=90 - 60 =30 §

EB

11 N S o
. from Snell's law at surface AC, 1sini=+/2sin30°=+2x==—= -.sini=—==i=45
rom Snell's law at surface 2 5 /2
Example

An object is placed 21 cm infront of a concave mirror of radius of curvature 20 cm. A glass slab of thickness
3 cm and refractive index 1.5 is placed closed to the mirror in space between the object and the mirror. Find
the position of final image formed if distance of nearer surface of the slab from the mirror is 10 cm.

Semy
10cm
S
2lam
Solution
San
1) 1
Shift by slab x = d Ll——J 3\ 1-15) - tom |y
for image formed by mirror u=- (21 - 1) cm = - 20 cm. o
X
111111 ”
u v I =20 v 10 V77 e
shift in the direction of light v = - (20 + 1) = - 21 cm. 21cm

Example

A particle is dropped along the axis from a height Eon a concave mirror of focal length f as shown in

figure. Find the maximum speed of image.

Solution
vy =-—m?vg, =-m’ (gt) where
f —f 2f 2f \? —4f°gt
T R o vy AL e
_f+[2_92) g ] (f+gt)

For maximum speed _t =0=t= ,f = Vinax = 3f

17
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TOTAL INTERNAL REFLECTION

When light ray travel from denser to rarer medium it bend away from the normal if the angle of incident is
increased, angle of refraction will also increased. At a particular value of angle the refracted ray subtend 90°
angle with the normal, this angle of incident is known as critical angle (6). If angle of incident further increase
the ray come back in the same medium this phenomenon is known as total internal reflection.

CONDITIONS
Angle of incident > critical angle [i > GC]
Light should travel from denser to rare medium = Glass to air, water to air, Glass to water
Snell's L bound ' sin O = . sin 90 sin@, = HB
nell's Law at boundary xx', psin 0, = p, sin = C_H
D
Graph between angle of deviation (8) and angle of incidence (i) as rays goes from denser to
rare medium
. . . —sin i Mo gini N
Ifi<0_ pgsini =y sinr I=S0 L smlJ SO §=r—i=sin" | -2 sini|—i
[ HR “R
o
rr—29c ............................ .
I_
2
o i
fi>0;06=m-2i
denser medium
A point object is situated at the bottom of tank filled with a liquid

of refractive index p upto height h. It is found light from the source
come out of liquid surface through a circular portion above the object

2
d & sineczl:>1 d 1 d

- —_,——
Nr? +h? HoH r® +h?

=’ =r* +h® = (W® —1)r* =h® = radius of circular portion

sinf, = ="
c uz 2 +h?

2_q and area = mr?

18
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SOME ILLUSTRATIONS OF TOTAL INTERNAL REFLECTION

Sparkling of diamond : The sparkling of diamond is due to total internal reflection inside it. As refractive
index for diamond is 2.5 so 0_ = 24 . Now the cutting of diamond are such that i > 0_.. So TIR will take place
again and again inside it. The light which beams out from a few places in some specific directions makes it
sparkle.

Optical Fibre : In it light through multiple total internal reflections is propagated along the axis of a glass fibre
of radius of few microns in which index of refraction of core is greater than that of surroundings.

<A

W >,

light pipe
Mirage and looming : Mirage is caused by total internal reflection in deserts where due to heating of the earth,
refractive index of air near the surface of earth becomes lesser than above it. Light from distant objects reaches
the surface of earth with i > 0 _ so that TIR will take place and we see the image of an object along with the object
as shown in figure.

Similar to 'mirage' in deserts, in polar regions 'looming' takes place due to TIR. Here p decreases with height and

so the image of an object is formed in air if (>0 _) as shown in figure.

GOLDEN KEY POINTS
A diver in water at a depth d sees the world outside through a horizontal circle of radius. r = d tan 0.

In case of total internal reflection, as all (i.e. 100%) incident light is reflected back into the same medium there
is no loss of intensity while in case of reflection from mirror or refraction from lenses there is some loss of
intensity as all light can never be reflected or refracted. This is why images formed by TIR are much brighter
than formed by mirrors or lenses.

Example

A rectangular block of glass is placed on a printed page laying on a horizontal surface. Find the minimum value
of the refractive index of glass for which the letters on the page are not visible from any of the vertical faces of
the block.

Solution

The situation is depicted in figure. Light will not emerge out from the vertical face BC if at it

1 1
i>0, or sini>sin6O, = sini> —[as sin 0, =—} ... (i) b c
u u
But from Snell's law at O 1  sin 6= pusin r
Andin AOPR, r+90 +i=180 =r+i=90 = r=90 - i R P
. sin® r
So sin O = psin (90 - 1) = pcos i = cosi= a
p A . B
. e 2 [ e: 1 Paper
so sini=+1-cos®i = 1_[sm } . (i)
u
so substituting the value of sin i from equation (ii) in (i),
sin6 1
1- e P> 1+sin 0 (sin?0) =1 - p2>2 =>u> 2 oop = 2

19



JEE-Physics

REFRACTION AT TRANSPARENT CURVED SURFACE

u, = refractive index of the medium in which actual incident ray lies.
m, = refractive index of the medium in which actual refractive ray lies.
O = Object

P= pole

C= centre of curvature

AL

CAREER INSTITUTE
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R = PC = radius of curvature
Refraction from curved surface
p,sin O, = psin 0,
if angle is very small : p 0, = p.0,...0)

But 6, =a+p -..(i) object A imege
B=0,+v .. (i) \ R

from (i), (i) and (i) p (o + B) = (B - 7) u \

= wotpuf=pp-pwy = patuy=(,-pp

N wPM _ u,PM _ (1, -1, )PM PR T e U

—u v R v u R
SIGN CONVENTION FOR RADIUS OF CURVATURE
light light
e
object

P.

These are valid for all single refraction surfaces — convex, concave or plane. In case of plane refracting
My My My =y Ho By Loou dy. 1y
S —-—=—=——— S22 =0ie —=—or 2 =—1
surface R > o0, " 777 R v u Vo, dy 1,
FOCAL LENGTH OF A SINGLE SPHERICAL SURFACE
A single spherical surface as two principal focus points which are as follows—
(i) First focus: The first principal focus is the point on the axis where when an R
object is placed, the image is formed at infinity. That is when >
B, M M, — 1 >
u= f, v=oo, then from -4t = [#] B >
u v R >
1 >
By By TRy -mR He
—-——= =>f =—
We get f R 1 (1, —1,)
(ii) Second focus: Similarly, the second principal focus is the point >
where parallel rays focus. That is u; = -0, v, = f,, then i
B2 pe-mop o HoR > F,
fo R (g —p1) > My
My
Ratio of Focal length f1_M_1
(iii) atio of Focal length: 5, 1o

20
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Example
An air bubble in glass (u = 1.5) is situated at a distance 3 cm from a spherical surface of diameter 10 cm as
shown in Figure. At what distance from the surface will the bubble appear if the surface is (a) convex (b) concave.

Solution

(L, —py)
In case of refraction from curved surface L N . %
v u

1 (15) 1-15

(a) w=15, p=1, =-5cm and u=—3cm:;_(_3)— 5)

= v=-25cnm

the bubble will appear at a distance 2.5 cm from the convex curved surface inside the glass.

1 (15)_ 1-15
(b) w=15,pu,=1, R=5cmand u——3cmzV (3) 5)

the bubble will appear at a distance 1.66 cm from the concave curved surface inside the glass.
Note : If the surface is plane then R — o
1 (15) (@-1.5)

case (a) or  (b) would yield - —3) == o = v=-2cm

=>v=-1.66cm

Example
In a thin spherical fish bowl of radius 10 cm filled with water of refractive
index (4/3), there is a small fish at a distance 4 cm from the centre C as

shown in Figure. Where will the fish appear to be, if seen from (a) E and (b)

F (neglect the thickness of glass) ?
Solution

In the case of refraction from curved surface B B (b F; )
vV ou

4
(a) Seen from Eu1=§, =1 R=-10cm & u=~10 - 4) = -6 cm

4 4
l_i:—gz ::%:—5.3&71
v -6 -10 17

i.e., fish will appear at a distance 5.3 cm from E towards F
(lesser than actual distance, i.e., 6 cm)

4
(b) Seen from F L, =§, p,=1,R=-10cmand u= (10 +4)=-14 cm

@ D -
4 4 F C OJE
T 210 - /
=+ 3 _ 3 > v=——=-16.154 cm H, Iy
v 14 10 13 <
14cm
so fish will appear at a distance 16.154 cm from F toward E e

(more than actual distance, i.e., 14 cm)

21
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LENS

A lens is a piece of transparent material with two refracting surfaces such that at least one is curved and refractive index
of its material is different from that of the surroundings.

A thin spherical lens with refractive index greater than that of surroundings behaves as a convergent or convex lens, i.e.,
converges parallel rays if its central (i.e. paraxial) portion is thicker than marginal one.

However if the central portion of a lens is thinner than marginal, it diverges parallel rays and behaves as divergent or
concave lens. This is how wse and classify identify convergent and divergent lenses.

R R, R R ke R R R, R || R R| |R R, =0 R R,

Bi-convex equi-convex — plano-convex cancavo-convex Bi-concave — equiconcave plano COorvexo
concave concave
Optical Centre : O is a point for a given lens through which any ray passes undeviated
q\\é/g \\U//
O G <
& S5
& N
e
O convex lens
concave lens
Principal Axis : C, C, is a line passing through optical centre and perpendicular to the lens.
Principal Focus : A lens has two surfaces and hence two focal points. First focal point is an object point on the

principal axis for which image is formed at infinity.

V=00

U0
» " FZ
O
lens > concave
" V ¢ ‘f "" Z """" s\ lens
Focal Length f is defined as the distance between optical centre of a lens and the point where the parallel
beam of light converges or appears to converge.
Aperture : In reference to a lens, aperture means the effective diameter. Intensity of image formed by a lens

which depends on the light passing through the lens will depend on the square of aperture, i.e.,
Intensity oc (Aperture)?

22
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LENS-MAKER'S FORMULA

In case of image formation by a lens

Image formed by first surface acts as object for the second.

Mo Ky Hy —Hy

So, from the formula of refraction at curved surface. — =~ R o ¢ \ : } G 1 1
V u * - R - '
DT o el
, it O/ VI /B o "R ! \/
For first surface A v, u = R, B (N A T T Y »
Mu o M =M W 7Hw
For second surface B v v, = R, = R, ...(ii) [, = Wy by = K, By = My, u—> v

By adding (i) and (ii)

Now if object is at infinity, Image will be formed at the focus, u=-o, v=f So n = (“ _1){R__R_} ...(iv)

This is known as lens makers formula by equating (iii) and (iv) ———= ? this is known as lens formula
vV o u

. height of image hy B
height of object h,

\%
Magnification —
u

RULES FOR IMAGE FORMATION

A ray passing through optical centre proceeds undeviated through the lens

A ray passing through first focus or directed towards it, after refraction from the lens, becomes parallel to the
principal axis.

A ray passing parallel to the principal axis after refraction through the lens passes or appears to pass through F,

For Convergent or convex lens

Object Image Magnification

—w F lm|<<1 & m<0

—o - 2F F-2F Im| <1 & m<0
2F 2F m= -1

F-2F 0o-2F Im[>1 & m<0
Just before F towards C + o0 m <<-1
Just before F towards P — 0 m>>1
F-0O In front of lens m>1

23
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IMAGE FORMATION FOR CONVEX LENS (CONVERGENT LENS)

(i) Object is placed at infinity (i)  Object is placed in between o« - 2F
Image : Image :
at F real inverted very small in size real (F - 2F) inverted small in size (diminished)
Im| <<1 & m<0 Im|<1 & m<0
£ > A
5—10
F ¢ F 2F E o F 12F
V v
u 8 \%
(iii) Object is placed at 2F (iv) Object is placed in between 2F - F
Image : Image :
real (at 2F) inverted equal (of same size) real (2F - o) inverted enlarged
(m=-1) Im|>1 & m<0
. > A > A
N, N }I
o L2F E o E 2F oF | F 2F 1
O ' © o) g ©
VI
< u »e v >
u v

(v) Object is placed in between F - O

Image : oF

F
\%
F

virtual (in front of lens) erected enlarge

(m>+1)

IMAGE FORMATION FOR CONCAVE LENS (DIVERGENT LENS)

Imge is virtual, diminished, erect, towards the object, m = +ve

(i) Obiject is placed at infinity (ii) Object is placed infront of lens
Image : Image :
At F virtual erected between F and optical centre
diminished (m << + 1) virtual erected diminished (m < + 1)

Sign convention for object/image for lens

Real object u - ve
Real image v o+ ve
Virtual object u + ve
Virtual image v - ve

24
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POWER OF LENS

Reciprocal of focal length in meter is known as power of lens.

1 100

SI UNIT : dioptre (D) Power of lens : P = f(m) = m dioptre [in air]

COMBINATION OF LENSES

Two thin lens are placed in contact to each other f, £
. 11,1
power of combination. P = P +P, = Ff f
Use sign convention when solve numericals
Two thin lens are placed in at a small distance d f f
(provided incident rays are parallel to principal axis).
1. 1.1 d
F fl f2 f1f2 = P = Pl + P2 - d PIPZ
N -
Use sign convention when solving numericals
Newton's Formula A
e u v
f=xx, K X, t f st f e X,
x, = distance of object from focus. O F, F, I
x, = distance of image from focus. \/
SOME SPECIAL CASES
(i) The focal length of equiconvex lens placed in air
refractive index of lens = prefractive index of medium p, =1 R()
——| |RO)
R, = +R, R,=-R dject
1 1 [ 1]
r (n ){R R } = Focal length 2(n—1)
(ii)  Focal length of planoconvex lens placed in air R
light -
l_( -1) l_l f—L object R~0
f U R o™ Focal length (n—1)
If object is placed towards plane surface
. n 1)[1 [1)} Focal length f R
PR R = Focal lengt =T light
f © R s (n-1) T
(iii) If an equiconvex lens of focal length f is cut into equal parts by a horizontal . R
plane AB then the focal length of each part will be equal to that of initial lens. N
Because p , R, and R, will remain unchanged. Only intensity will be reduced.

intensity I oc (apertures)?

intensity through a single part will be reduced

25



CAREER INSTITUTE

JEE-Physics ol ALL

KOTA (RAJASTHAN

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

If the same lens is cut into equal parts by a vertical plane CD the focal length

le
of each part will be double of initial value but intensity will remain unchanged. . o
1 (u-1)2 1 p-1
For equiconvex lens — = For plano convex lens e —
f R R
1 2
So T :f_:> f, = 2f = Focal length of each part = 2 b
1 focal length of each
part become 2f
(focal length of original lens)
If a lens is made of number of layers of different refractive index for a given wavelength
then no. of images is equal to number of refractive index, as T o< (n-1)
In figure number of images = 2
1 1
Focal length of lens depends on wavelength. - T o (u—-1) OCX [f oC 7»] f. > f,
A A o
If half portion of lens is covered by black paper then intensity of image i i ,

will be reduced but complete image will be formed.

Sun-goggles : B

radius of curvature of two surfaces is equal with centre on the same side

ject sun

— gogdles

1 1 1 R, R,

R, =R, =+R so ?—(H—l) {E—E}

R~=R, P=0

1
= n =0=f=owand P=0 =>sun goggles have no power
L . . s Mo
If refractive index of medium < Refractive index of lens
Ifu, <p  thenf=-+ve
Convex lens behave as convex lens. While
concave lens behave as concave lens.
Refractive index of medium = Refractive index of lens (n, = )
”’L ”’L
Hm Hwm Hm Hwm
1 (p N1 1\10f
—_—=| - T | —= > 1 = =
f R TR T & P=0
Lens will behave as plane glass plate v/ > T
@ T B

26
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Ho
(xi) Refractive index of medium > Refractive index of lens

Hm

M 1
My, > pL:M_ <1 [ f will be negative ]
M

convex lens will behave as concave lens and concave lens will

> H
behave as convex lens. If a air bubble is formed in water it behaves as concave lens. -

Example
A point source S is placed at distance of 15 cm from a converging lens of focal length 10 cm. Where should a
(i) concave mirror (i) convex mirror of focal length 12 cm be placed so that real image is formed on object itself.

Solution

111 1 1 1

=_ = = = -
u 15cm, f = +10cm; v u 1 v (-15) 10:>V 30 cm

(x=v+2f= 30+2 12=H4cm(i)x=v-2=30-2 12=6cm

Example
A convex lens of focal length f is producing real image which is o times of the size of the object. Find out
position of the object.
Solution
v 1 u
Image is real so m=—=- —= v =——
u n n
from lens formula l_l:lDL_l:lj —(n+1) :l:>u:—f(1+n)
v u f u u f u
n
Example

(a) If f = +0.5m, what is the power of the lens ?

(b) The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. Its focal length is 12
cm. What is the refractive index of glass ?

(c) A convex lens has 20 cm focal length in air. What is the focal length in water ? (Refractive index of air—

water = 1.33, refractive index for air glass is 1.5)

Solution
1 1 1 (1 1) 1 (1 1 j
Pt — 1 _.op Loy — s eyl ~15
(a) fm) 05 © =D g )= = g-o5) ="
£, (n,-1) 15-1)
© l:(u—l)(i—i\ oo twu-1), L (wm-1) " (15 Y 0=78.2em
PR TR T L 133!
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Example
Column I (optical system)

Incidert ray RR= Incident ray R~R~20an
; p:1.§ ‘ \
(A) P o R B) el wes v (€
®=1 ®=1 (w=4/3) \dess| - (=4/3)

Column II (focal length)

Incident ray R=R~=20cm

(D) air pu=L.5 water
w=1) \gess/ (=43

(P) 80 cm (Q) 40 cm (R) 30 cm (S) 20 cm
Solution Ans. (A) -S (B) -P (C) -R

1 11 1 1) 1
i itlcas-1 (—+—)=— f=20

For () =013+ 2] <0515+ o) - 76 = 1 =200m
1 (1.5 )(1 1) 1
= =2 1| —+—|=—=1=80

For (B) : 77133 20 20/ 80 cm

15 1 (1] 4/3 1.5 [4 ]( 1]
=151 — &L= 2215 —— | =>f=40

For (D) v, 0 ( ) 20 f v, 3 20 em
DISPLACEMENT METHOD

It is used for determination of focal length of convex lens in laboratory. A thin convex lens of focal length f is
placed between an object and a screen fixed at a distance D apart.If D > 4f there are two position of lens at
which a sharp image of the object is formed on the screen

..... u A V(D) e
I .
S
object v 5—;
1 1 1 1 1 D+ .D(D-4f
By lens formula ———=—-= —— === uw-Du+Df=0=u-= ( ) there are three
v u f D-u —-u f 2
possibilities
(i) for D < 4f u will be imaginary hence physically no position of lens is possible

D
(ii) for D = 4f us5 = 2f so only one position of lens is possible

and sincev=D - u=4f - 2f = u =2f

(i) for D> 4f u = %‘3‘4” and u, - w

So there are two positions of lens for which real image will be formed on the screen.(for two distances u; and u
of the objec t from lens)

2
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If the distance between two positions of lens is x then

— — - .

4D

X=L12—L11

Distance of image corresponds to two positions of the lens :

v, =D -, =D—%[D—«/D(D—4f)]= %[D+JD(D—41‘)]= u, = v, = u,
v, =D-u, =D—%[D+1/D(D—4f)]= %[D—W/D(D—4f)]= u =V, =y

for two positions of the lens distances of object and image are interchangeable.
Now x =u, -y and D=v +tu=u, +ulv v, =u]

so u,(=v,) = and v, = =uym =57 ﬁandr%:a
1

D+x D-x [ 1
Now mlmeID_XXEj?:].jO: 1112

Example

A convex lens is placed between an object and a screen which are at a fixed distance apart for one position of
the lens. The magnification of the image obtained on the screen is m . When the lens is moved by a distance d
the magnification of the image obtained on the same screen is m,, Find the focal length of the lens.

Solution

If D is the distance between the object and the screen, d the separation of the two position of lens throwing two
images on the screen then

mlzmandmz:(D+d) Lomp-m,= 5> but ————=f som -m, = =>f=

(D +d) (D —d) 4Dd D? _ ¢? d d
2 D% -d? 4D f

m; —m,
Example

In a displacement method using lens, we obtain two images for separation of the lens d. One image is magnified
as much as the other is diminished. If m is the magnifications of one image, find the focal length of the lens.

Solution

d 1 md

here if m. is taken as m, m, = — so f becomes
2 2
m, —m, 1 ’ m’ (m* -1)

From above question f=
Example

In the displacement method the distance between the object and the screen is 70 cm and the focal length of the
lens is 16 cm, find the separations of the magnified and diminished image position of the lens.

Solution

d =+/D? —4fd = \[[70> =4 x16 x 70 = /420 =20.5cm
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Example

An object 25 cm high is placed in front of a convex lens of focal length 30 cm. If the height of image formed is
50 cm, find the distance between the object and the image (real and virtual) ?

Solution

As object is in front of the lens, it is real and as h =25 cm, f =30 cm, h, = -50 cm ; ™= h__ 25 =2

m = f = -2 = 30 =_-45 m—i:—Z—L =90
f+u 30+u: " om = u —452\/ em
2F T F F 2F
S A5cm-- Lo T0 l

As in this situation object and image are on opposite sides of lens, the distance between object and image
d, =u+v=45+90 = 135 cm. If the image is erect (i.e., virtual)

m=— —p- 3 =-15 m=-——=2=—" = y=30
f+u 30+u - v om= u -15 Y cm

As in the situation both image and object are in front of the lens, the distance between object and image
d,=v-u=230-15=15cm.

COMBINATION OF LENSES AND MIRRORS
When several lenses or mirrors are used, the image formation is considered one after another in steps, The image
formed by the lens facing the object serves as an object for the next lens or mirror, the image formed by the second
lens acts as an object for the third, and so on, The total magnification in such situations will be given by

I 0 N I, y
m=—=—X-—=X... =
0 01 =>m=m m,
1
Power of Lens [in air] b = s Converging lens P, = +ve Diverging lens P = -ve
L
1
Power For mirror P = _f_ Convex mirror P, = -ve Concave mirror P, = +ve

m

SILVERING OF LENS

Calculate equivalent focal length of a equiconvex lens silvered at one side.
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Example

Calculate equivalent focal length of plano convex lens for following case :—
(i) When curved surface is silvered.

(ii) When plane surface is silvered.

Solution
@ P=2P +P, (i) P=2P +P,
1 1 2u-1) 2 g 12 1 1 2u-1 1
o) =4 - +Z =T L=
ZF f f, R “F f f = R
R R
:>l 28 po _F=
R 2u 2(n—-1)
Example

The radius of curvature of the convex face of a plano-convex lens is 12 cm and its refractive index is 1.5.
(@) Find the focal length of this lens. The plane surface of the lens is now silvered. (b) At what distance from the
lens will parallel rays incident on the convex face converge ? (c) Sketch the ray diagram to locate the image,
when a point object is placed on the axis 20 cm from the lens. (d) Calculate the image distance when the object
is placed as in (c).

Solution
1 1 1
(@) As for a lens, by lens-maker's formula 7 =(u-1) |5 ~» | Here pu =15 R =12 cm and R, = o
7 R, R, ! :
1 1 1
So? =(15-1) 12 o i.,e. f =24 cm i.e., the lens as convergent with focal length 24 cm.

R=12an JR=w

o\ b

(G B) ©

(b) As light after passing through the lens will be incident on the mirror which will reflect it back through the lens

1 1 R
again, so p=P +P,+P =2P +P ButP = I=m and P, = - - =0 {as fMZEZOO}

So P=2x 024 +0= 012 D. The system is equivalent to a concave mirror of focal length F, P = — F

ie., F=- F =-0.12m=-12 cm i.e., the rays will behave as a concave mirror of focal length 12 cm.
1 1 1 1 1 1

So as for parallel incident rays u = - oo, from mirror formula — + — = 7 we have — + —=——
v u f v —0 =12

= v=-12 cm i.e., parallel incident rays will focus will at a distance of 12 cm in front of the lens as shown

in Figure (c) and (d) When object is at 20 cm in front of the given silvered lens which behaves as a concave

f focal 1 h 12 f f 1 L L L h 1 ! —1
i i -+ — == -+ — =
mirror of focal lengt cm, from mirror formula u 7 we have 50 12

= v=- 30 cm i.e., the silvered lens will form image at a distance of 30 cm in front of it as shown in fig. (C)
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Example

A pin is placed 10 cm in front of a convex lens of focal length 20 cm, made of material having refractive index
1.5. The surface of the lens farther away from the pin is silvered and has a radius of curvature 22 cm.
Determine the position of the final image. Is the image real or virtual ?

Solution

As radius of curvature of silvered surface is 22 cm,

R -22
sofM=E=T=—11cm=—0.11m e
IS S S L e
and hence, M = - E— - o011 o011 D
1 1
Further as the focal length of lens is 20 cm, i.e., 0.20 m its power will be given by : P, = Z = 020 D.

Now as in image formation, light after passing through the lens will be reflected back by the curved mirror

2 1 _210
0.20 0.11 11

through the lens again P= P + P, + P = 2P + P ie. P =

1 11 110
So the focal length of equivalent mirror F = ) = —mm = —Hcm i.e., the silvered lens behave as a concave
1 1 21
mirror of focal length (110/21) cm. So for object at a distance 10 c¢cm in front of it,;+$ = 110 ie,v=-

1lcm i.e., image will be 11 cm in front of the silvered lens and will be real as shown in Figure.

Example
A point object is kept at a distance of 2m from a parabolic reflecting surface y? = 2x. An equiconvex lens is
kept at a distance of 1.80 m from the parabolic surface. The focal length of the lens is 20 cm. Find the position
from origin of the image in cm, after reflection from the surface.

=
&
&

Solution

A y2=4ax OR

Seo N

Focus of dbject
Parabola

Comparing with y?2 = 4ax = a = 0.5

-1
PC is a normal so tan(n—-6)= —— = -y, = final position of image = 0.5 m = 50 cm
(dy / dX)leyl
-0 2t 2
But tan26 = L4 & tan20= an? = i (yl)x2 =lm
X, — X, 1-tan®0 X, =%, 1-y? 2

32
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