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RAY OPTICS AND OPTICAL INSTRUMENTS

Important Points:

1. Reflection:

When a light ray traveling from one medium to tiker comes back to the same medium at

the interface, then it is called Reflection of Ligh

2. Laws of Reflection:

I) The incident ray, the reflected ray and thenmalrdrawn at the point of incidence lie in the

same plane.

i) The angle of incidence is equal to angle diecion.

3. Spherical Mirrors:
A mirror which is a part of a sphere is calleh&gcal Mirror.

4. Convex Mirror:

The image formed by a convex mirror is alwaysudlt erect and diminished for any position

of the object.

5. Refraction:

When a ray of light passes obliquely from one medinto another, it bends at the interface. It

is known as Refraction.

6. Laws of Refraction:

I) The incident ray, the refracted ray and thenmadrat the point of incidence lie in the same

plane.

i) The ratio of sine of angle of incidence to #iae of angle of refraction is a constant for a

given pair of media.
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This law is called Snell's law.

7. Absolute Refractive Index u):

It is the ratio of velocity of light in vacuufft,) to the velocity of light in the medium.

8. Total Internal Reflection:
a). The light ray must travel from denseracer medium.
b). The angle of incidence in the denser madnust be greater than the critical angle.

c). If C is the Critical angle andis the refractive index, them:i

sinC

9. Optical Fibre:
I. Principle is total internal reflection.

ii. No loss of light energy.

iii. Optical fibres are used in laparoscopy, esaipy, and sensors in industry etc

10. Prism:

a) Angle of the prism A 5r+ rp and Angle of deviation (d). =+ e— A
| —angle of incidence,
e — angle of emergence,
A — angle of prism,
r1 — angle of refraction at first retracing face,

rp — angle of refraction at second refracting face.

sin(AJ’ D%)
sin{ %)

b) p=

www.sakshieducation.com



www.sakshieducation.com

11. Lenses:

Lens Maker's Formula: For a convex leénsa medium, the focal length of the lens is
i_(ﬁ_lj(i__lj
fmed :um Rl R2

R1, Ro — Radii of curvatures of the curved surfaces.

1 11
Inalr,rm-(,u 1)(R1 sz

This is generally used for paraxial rays.

v. This is not present in mirrors because thet lighis do not undergo any path difference.

12. Simple Microscope:

Magnifying power of simple microscope is

)] m:(1+$j When the image is at near point

i) m:% When the image is at infinity

13. Compound Microscope:

I) Total magnificationm=m,xm, (or) m:%(ﬂfgj (near point)

e

-LD

i) When the final image is at infinitym=

0'e

14. Dispersive Power:
Dispersive power of the material of the prismhis tatio of angular dispersion of two extreme

colours to their mean deviation.

Angular dispersion between red and viaelours
w =

mean deviation of rednd violet colours

www.sakshieducation.com



www.sakshieducation.com

5\/_R

Dispersive powerw=-——2=R_
ispersive powerw (@‘4«)
2

Very Short Answer Questions

Define focal length and radius of curvature of @oncave lens.

Focal Length: The distance of principle focus from optic cengecalled focal length of a

concave lens.
Radius of Curvature: The radius of the sphere of which the curved serfaicthe lens forms

a part is called the radius of curvature of a coadans. A concave lens has two radii of

curvatures.

What do you understand by the terms ‘focus’ andprincipal focus’ in the context of

lenses?

Focus:
A point at which rays of light or other radiatioanverge or from which they appear to diverge,

as after refraction in an optical system is theufoaf a lens.

Principal Focus:
The point where a beam of light parallel to the@pal axis converges or appears to converge

is called the principal focus (F).

(a) ik
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What is Optical Density and how is it differentfrom mass density?

Optical Density:

Optical density is a measure of a materials gbibtpass light. Optical density is the ratio of
speed of light in the two media.

Mass Density:

Mass density is mass per unit volume.

The mass density of an optically densediom may be lesser than that of an optically rarer

medium.

What are the laws of reflection through curved mrors?

i) The angle of reflection is equal to anglemdidence. i.eJi = [r

i) The incident ray, reflected ray and the normalthe reflecting surface at the point of

incidence lie in same plane.

Define ‘power’ of a convex lens. What is its utf
Power:

The power P of a lens is defined as the tangetiteofingle by which it converges or diverges a

beam of light falling at unit distant from the agati centre.

(2] (k)

tanézg if h= 1,tan6:%

1 _ 100
~f(inm) f(incm)

Power (P tand :% Or

Unit: - The S.1. unit of power is dioptre (D).
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A concave mirror of focal length 10cm is placedt a distance 35cm from a wall. How far
from the wall should an object be placed so thatstreal image is formed on the wall?
Distance of image formed from wall =V = - 35 cm

Focal length f =—10 cm

:——1+—1:> u=-14cm

. 1 1 1
From mirror formula we have ==-=
u f v 0 35

1
: _
u
The distance of the object from the wall

X =35-14= 21cn

A concave mirror produces an image of a long vaécal pin, placed 40 cm from the mirror,

at the position of the object. Find the focal lendt of the mirror?

u=40cm;v=40cm; f= ?

=>—+—=— f=20cm.

1 1
—t—=
u v 40 40 f

1 1 1_1
f

A small angled prism of 4° deviates a ray throudg2.48°. Find the refractive index of the
prism?

Angle of prism A = 4°

Angle of deviationd = 2.48°

Refractive indexu= ?

We have 3=(p-1)A = 2.48=(u-1 4

0.62=(p-1) = u=1.62

What ‘dispersion’? Which colour gets relativelymore dispersed?
Dispersion:
The splitting up of a beam of white light in t@ ikonstituent colours (VIBGYOR) is called

Dispersion.

The colour which gets relatively more digaer is violet.
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10. The focal length of concave lens is 30cm. W!leean object should be placed so that its
image is%) of its size?
A. Given focal length of concave lens = 30 cm
Magnifying powerm :%

We knowm:if:i: 30
u—

10 u-30

u-30=-300= u=- 270cr

11. What is myopia? How can it be corrected?

A. Myopia (Short Sightedness):

Reting Concave lens .
’ Retina

[A) Defected eye

i) A short-sighted eye can see only nearerabjdistant objects are not seen clearly.
i) In this defect image is formed before thamatand Far point comes closer.

i) In this defect focal length or radii of curteme of lens reduced or power of lens increases or
distance between eye lens and retina increases.

Correction:

This defect can be removed by using a concansedésuitable focal length.

12. What is Hypermetropia? How can it be corrected?

A. Hypermetropia (long sightness):

[B) Removal of Defect
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1) A long-sighted eye can see distant objectsriyidaut nearer object are not clearly visible.

i) Image formed behind the retina and near poiaves away.

(ii) In this defect focal length or radii of cuature of lens increases or power of lens decreases
or distance between eye lens and retina decreases.

Correction:

This defect can be removed by using a convex lens.

Short Answer Questions

1. A light ray passes through a prism of angle A ima position of minimum deviation.
Obtain an expression for

(a) The angle of incidence in terms of thengle of the prism and the angle of minimum

deviation
(b) The angle of refraction in terms of the refrative index of the prism.

A. (a) Let ABC is the principal cross section oprdsm. BC is prism base andA is refracting

angle or angle of prism.

Let PQ is the incident ray falling on the refragtiside AB.

Draw normal T at QOPQN, is angle of incidencej and § is the angle of refraction at face
AB. QR is the path of light ray inside the prisndd®S is the emergent ray.

Draw normalN, T at R.

ON, RS is angle of emergenégand p be the angle of incidence at face AC.

Both normal’s will intersect at T.

Extend the lines PQ and RS they will intersectat

OD is angle of deviation.

Refraction through a prism
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Step 1
Consider the quadrilateral AQTR
OA+0T =180 .o, (1)
Step 2
Consider the triangle QTR
L+, +0T=180F s e (2

From equation 1 & 2r,+r,=A ................. 3)

Step 3
Consider the triangle QUR. Angle of deviation Dhe external angle afle QUR

OD =i, —r +i,-r,

OD =i, +i,~(r,+r,) =A +D =i ,+ , (From Equation (3) )
D=ij+i,=A 4)
Step 4

When a graph is plotted with angle of incidenceniX axis and angle of deviation D on

Y - axis it is parabola.
As angle of incidence i increases angle of demab first decreases and reaches a minimum

value, dthen increases.

At minimum deviation D 3, angle of incidenceji=ip = i

And angle of refractiomr=rp =r

0 From equation (3Rr=A=r :% .............. (5)

Fromeq. (4) 2i=A+9d

. _A+9d
i=—— 6
= ©)
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v

D,

D,

Angle of deviotion T —

iy i = ig ip

Andle of incidence i

, sini . sinr
b) From Snell's lawy =—— = sinr=—
sinr VI

r=sin™ {ﬂ}
H

This expression for angle of refraction

2. Define focal length of a concave mirror. Provehat the radius of curvature of concave
mirror is double its focal length?

A. Focal Length:

The distance between the pole (P) of the mirrod #me principal focus (F) is called
Focal Length (f).

Relation between f and R;:

A light ray incident parallel to the principal axof a concave mirror gets reflected through the
principal focus ‘F'. If C is the centre of curvagyrCM is the normal to the mirror at M.

MCP =0 and|MFP =20

Now tane:@ and tanZB:@,
CD F
If 6 issmall, tan6=06 andtan®= B,
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Otan D= 2tard (Or)@=2.@
FD CD
0 =P
2

If 6 is small, the point ‘D’ is very close to the poiR’. Therefore FD =f and CD =R.

szB or R = 2f
2

Hence the radius of curvature of a concave misrdouble its focal length.

A mobile phone lies along the principle axis ad concave mirror longitudinally. Explain
why the magnification is not uniform?

The ray diagram for the formation of the imagé¢h@ phone is shown in figure.

mam——

1/ /

The image of the part which is on the plane peattertar to principal axis will be on the same
plane. The part which is at C will be imaged atr@d aill be of same size i.B:C=BC. The

other end A of the mobile phone is highly magmifieAs distance of image is non linear

function of distance of object. The magnificatismot uniform.

Explain the Cartesian sign convention for mirros?

The New Cartesian Sign Convention for mirrorshewn in figure.

Direction of  Mirror
incident light

_
(Left to right)

Object is placed on P
left side of the mirror

Against the direction/=; In the direction
_of incident light | of incident light

Negative distances | Positiye distances

Sign convention for mirrors.
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According to the New Cartesian Sign Convention:

The object is always placed on the left side efrhirror so that the direction of incident light
is from left to right

i) All the distances are measured from pole efrtiirror as origin.

i) Distances measured in the same directiomaisdf incident light are taken as positive.

iif) Distances measured against the directiomoident light are taken as negative.

iv) Distances measured upward and perpendicoltret principal axis are taken as positive.

v) Distances measured downward and perpenditulaie principal axis are taken as negative.

vi) The focal length and radius of curvature of cave mirror are taken as negative while those of

convex mirror as taken as positive according ta sgnvention.

5. Define critical angle. Explain total internal rdflection using a neat diagram?

A. Critical Angle:

The angle of incidence in the denser medium forclithe angle of refraction in the rarer

medium is90’ is called the critical angldy)

The refractive index of the denser medium (1) watbpect to the rarer medium (2) is given by

1
e sini.

Total internal Reflection:

Consider a light ray passing from denser into arranedium. The light ray after refraction
bends away from the normal. If the angle of incaers greater than the critical angle, then the

light ray is totally reflected into the denser medi This phenomenon is called total internal
reflection.

Conditions for total Internal Reflection:

1. The light ray must travel from denser to ranedium.

2. The angle of incidence in the denser mmadnust be greater than the critical angle.
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6. Explain the formation of mirage?

A. Mirage:

L.

Adrwarmer neg-ground

T
-
LA
-
-

.

N

]

L

i

)

i

!'1
:':f:;;,%i_ 1:: :
In summer, the layers of air near the ground ateehthan the air at higher levels. This hotter
air is less dense, and has smaller refractive irilar the cold air. In still air, the optical
density at different layers of air increases wigeiight. As a result, light from a tall object such
as tree, passes the medium whose refractive inglenedses towards the ground. Then a ray of
light from the object successively bends away ftbe normal .If the angle of incidence for
the air near the ground exceeds the critical arigte) internal reflection takes place.. To a
distant observer, the light appears to be comioghfsomewhere below the ground. Such
inverted images of distant tall objects cause aticalp illusion to the observer. This

phenomenon is called mirage.

7. Explain the formation of a Rainbow?

A. Rainbows are due to dispersion of sun light fallorgrain drops. Rainbow is observed in a
direction facing against the sun. In the commonbaw called primary rainbow, a coloured
band with red on the outside and violet on the rnirgide is formed. It is formed due to two
refractions and one reflection of light falling dime raindrops. In the other rainbow called
secondary rainbow a colored band, having violethan outside and red on the inner side is
formed. It is formed due to two refractions ana teeflections of the sun light falling on the
raindrops. The intensity of light is reduced at Hezond reflection and hence the secondary

rainbow is fainter than the primary rainbow. Th&ébows are visible only when the altitude of

the sun is less than 92A complete rainbow can be seen in an aeroplayiagflat high

altitudes.
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Sun rays

AR

Prirmary Rainbo secondary rainbow

(a) (b)

Why does the setting Sun appear red?
At sunrise or sunset the sun looks almost réddiBhe reason is that at the time of sun set or
sun rise (when sun is near horizon), the light friy@ sun has to traverse larger thickness of

atmosphere than what it covers, when the sun ighead as shown in figure.

-;:Sk—OVEHHEAD
SUN
SUN OBSERVER
PHERE
NEAR HORIZON E ”"ff}s

Due to this, more of the blue and shorter wavdlen{ light is removed by scattering and the

least scattered light i.e. red reaches our ey¢h&esun looks reddish.

With a neat labeled diagram explain the formatia of image in a simple microscope?

Construction:
A convex lens of short focal length is used asnagpt@ microscope. The lens is arranged in a

circular metallic frame provided with a handleislknown as a magnifying glass.

G

H“H-__‘\::;‘_‘/’d
SRt

L S
g e
—
{——3—07’* T
6

Formation of Image:
Let an object OJ be placed within the principalu®& of the convex lens. The image is virtual,
erect and magnified. It is formed on the same eidie object at the least distance of distinct

vision ‘D’.
If the image is formed at near point, magnifyirayver m:1+$
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If the image is formed at infinity, magnifying pewng

10. What is the position of the object for a simplemicroscope? What is the maximum

magnification of a simple microscope for a realisti focal length?

Formation of Image:
An object OJ is placed within the principal focuofthe convex lens. The image is virtual,

erect and magnified. It is formed on the same eidie object at the least distance of distinct
vision ‘D’.

If the image is formed at near point the magntfarais maximum.

Magnifying power m= 1+$
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Long Answer Questions

a) What is the Cartesian sign convention? Appigg this convention and using a neat
diagram, derive an expression for finding the imagelistance using the mirror equation.
b) An object of 5cm height is placed at a distancef 15 cm from a concave mirror of
radius of curvature 20cm. Find the size of the imge?

a) Cartesian Sign Convention:

Object on left Mirror

lnrcdddent Diggl
!il"ll..{!'.ll‘\

—_—  »
upwarris
prositive

1 » A-AXIS

{ Instanses agnnsi

Iocident Liglht
negalnee
Heighis B >
duwnwarnds Distances along
negalive incident lght

positive

). All the distances are measured from pole efrtfirror as origin.

ii). Distances measured in the same directiomaisdf incident light are taken as positive.

iii). Distances measured against the directiomaoent light are taken as negative.

Iv). Distances measured upward and perpendicollret principal axis are taken as positive.

v). Distances measured downward and perpendidolathe principal axis are taken as
negative.

Expression for the Mirror Equation:

-
"

- '|' -
H C ' [J
\ |
At e f >
|q—|-—o/
|--q ] tf' N

www.sakshieducation.com



www.sakshieducation.com
Above figure shows the image A'B'(in this casal)ref an object A B formed by a concave
mirror.

We now derive the mirror equation or the relatibatween the object distance (u),
image distance (v) and the focal length (f).

From Fig, the two right-angled triangles A'B'F adéPF are similar. (For paraxial rays, MP
can be considered to be a straight line perperafi¢calCP.)

Therefore,

BA _BF

PM FP

or BA_BF . (1) (- PM = AB)
BA FP

Since JAPB = JAPB, the right angled triangleABP and ABP are also similar. Therefore,
BA BP
ﬁ :E ............ (2)

Comparing Esq.(1 ) and (2), we get

BF _BP-FP_BP
FP  FP  BP

Applying the sign convention
i.e.BP=-u,FP=-f,BP=-u
Using equation (3) we get

-v+f _-v

L
f

This relation is known as the mirror equation.
Expression for Image Distance:

From mirror equation
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< |k

1
f

Clp
< |k
c
[
—_

Image distance = if

b) Height of the object h =5 cm
Distance of the object u = - 15 cm
Radius of curvature R =—20 cm

Focal lengthf =§ = _Zo%n: -10cm

-15x%(-10
uf = ( ) = 15 =-30cm
u-—f -15+10 -5

Distance of the object =

sizeoftheobject O u

_ sizeoftheimage_ | _ v

Now size of the imagé= “Yxo= '(__i)sx‘:’j
u —

=—-10cm

2. (a) Using a neat labeled diagram derive the miar equation. Define linear magnification.
(b) An object is placed at 5cm from a convex lenef focal length 15cm. What is the
position and nature of the image?

A. (a) Mirror Equation:
Figure shows the ray diagram for the formatiom oéal image A'B' of an object AB formed by

a concave mirror.

A'*ABCand A'B'C are similar and hence

AB B 1)

A'B' CB'
From theA'™ ABP and A'B'P are similar

www.sakshieducation.com



www.sakshieducation.com

o8 ._m . 2)
A'B' PB'
From equations (1) & (2) we g&E:E (or) PB-PC _PB
CB' PB' PC-PB' PB'
O u-R_u (Or) uR+vR=2uv
R-v v

Dividing throughout by uvR , we get

11
4+
u v

Weget i+_1:_2
-u -v -R
(Or) £+}:_l( f:Bj
u v f 2

This is known as mirror equation.
Linear Magnification (m):
The ratio of the height of image (h') to the heighthe object (h) or the ratio of image distance

to the object distance is called linear magnifmati

hl
m=—=-
h

c <

Here negative magnification implies that imagenserted with respect to object, while positive

magnification means that image is erect with resfmeobject.

(b) u=5cm;f=15cm;v="?

il
SR —
u v 5 v 15

1 111
— + =
f

v = - 7.5cm, Virtual
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(a) Derive an expression for a thin double conxdens. Can you apply the same to a double
concave lens too?

(b) An object is placed at a distance of 20cm frora thin double convex lens of focal length

15cm. Find the position and magnification of the imge?

(a) Double Convex Lens:

F Ej
M B ““ntl_l
F F -
o ” RS
e

«— U —p et 1—>
Consider an object O placed at a distancem & convex lens as shown in figure. Lgbeé its

first image due to refraction through first surfacgo from the formula for refraction at curved

surface.

For first surface 2 -Pa —H2=Hs (1)

v; u R;

The image { acts as object to second surface, and form fimage H.Hence For second

surface
- mA % )
VoV, R,
. [ 1 1
From equations (1) and (2)y, _—_} = (Hz‘uﬁ(—‘—j
LV u R, R,

With p, = Ko (or)L

1 M

Now if object is at infinity, image will be formeal the focus i.e. fou=-0, v = f, so that

above equation becomés (1, —1) 1 1 :
f R, R,
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This is known as Lens-maker’s formula and fOfI@Sl(%——]':?l which is known as the ‘lens-
vV U

formula’. This formula is valid for both convex a®ll as concave lens.

(b)u=-20cm ; f=15cm.;v="?

1 1 1 1 1 1
—_—— e ——— =
v u f v =20 15
v=60cm
Magnificationm:—:@:
u 20

4. Obtain an expression for the combined focal letly for two thin convex lenses kept in

contact and hence obtain an expression for the conmed power of the combination of the

lenses?
A. Consider that two thin lenses A and B of foaaidths § and $ are placed in contact with

each other. Suppose that a point object O liethermprincipal axis of the two lenses. Figure
shows the formation of the final image | of theea$jO in two steps.

In the first step, the lens A producesads the real image of the object O. AD= u and

Pl, = v, then for lens A, we have

In the second step, the lens B produces the iiimade | of the imagej(produced by lens A ,

which acts as virtual object for it.)

Adding the equation (1) and (2), we have

1 1 1 1 1
-+ =+ =
Vl

71 v fl f2

1
u
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Or B (3)
u v f

Here, f is called focal length of the equivalesd.
Thus, reciprocal of the focal length of an equewdllens is equal to sum of the reciprocals of
the focal length of the two lenses placed in cdantac
If the focal lengths{f and b are in metre, then the equation (5) becomes
P=R+P

Here, § and B are powers of the two lenses and P is the powtreogéquivalent lens.

(a) Define Snell's Law. Using a neat labeled disam derive an expression for the
refractive index of the material of an equilateralprism?

(b) A ray of light, after passing through a medium meets the surface separating the
medium from air at an angle of 4% and is just not refracted. What is the refractiveindex
of the medium?

(a) Snell's Law:- The ratio of sine of angle of incidence in aivacuum and the sine of angle

of refraction in a medium is called absolute reixecindex of the medium with respect to air or

vacuum.

n,, :Lm Wheren,, is the refractive index of the medium (2) withpest to the first medium
sinr

(1).

Refractive index of the prism:

ABC is the cross section of a glass prism and thesangle of the prism.

PQ is the incident light ray. QR is the refradligtit ray and RS is the emergent light ray.

Let i and e are the angles of incidence and emergeheerq andro are the angles of

refraction.
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Angle of the prism:- In the quadrilateral AQNRJA+ N = 180°
Inthe AQNR, rq +rp + 0OA=180°

Orq+ro+ ON= OA+ ON

Angle of Deviation:

IntheAMOQR, OMQR=i-rq1 and OM RQ=e-r»

Also, Angle of deviatioridd =0M QR +OM RQ =i-rq +e—-ro
O0d=(@G+€)—(1+r9)

From equation (1)

i+e=A+d ...l 2)

I -6 Curve:

A graph drawn between the angle of incidencer{iXeaxis and the angle of deviatiod ) on

Y-axis is a parabola as shown.

B

Angle of
dewviation

Y

As the angle of incidence increases the angleewfation first decreases, becomes minimum
and again increases.

Angle of Minimum Deviation: - The angle of incidence for which the deviationdueced by

the prism is minimum is called angle of Minimum [Eson.
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If 6=Dmtheni=e=iandr{=ro=r

From equations (1) and (2), = A+ D,

and r:é
2

. , sini
Using Snell’s lawn,, =——

sinr
sin(AJrszj
N
sin| —
)

Wheren,, is the refractive index of the material of thespmiwith respect to air.

sini.  sin45

Draw a neat labeled diagram of a compound micr@spe, explain its working. Derive an

expression for its magnification?
Construction:

Compound microscope consists of two coaxially regel convex lenses of different focal
lengths. The distance between the lenses can bstedjby rack - pinion arrangement. The lens
of less focal length nearer to the object is catlbppctive. The lens of large focal length nearer

to the eye is called eye piece.

Working:

The object OJ is placed in front of the objectimebetween f and 2k of the objective. The
image h G, is formed on the other side of the objective bey@R,. It is a real, magnified and
inverted image. This image acts like an objectthar eye piece. This image is made to form

below the focus §of the eye piece.

Hence the final virtual, magnified and invertedage is formed at the near point.
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L

k”" Ray diagram of compound misroszone

- e e B

Magnifying Power:
It is defined as the ratio between the angle sulsteé by the image formed at near point at the

eyepiece and the angle subtended by the objebeatytepiece when the object is imagined at

near point.
_a _Tana
B Tanp
Tanazi.. and TanB:i..
10 1O
[ _E :E
13 OJ
Also, m=mgmg

When the image formed at near poi ,:ﬁ[hfgj

u0 e

If the image is at infinity thenn = Vo xfB

0 e

If the object OJ is adjusted such that the imagméd by it is very close to the eyepiece, then

V( is taken as the distance between the lenses tertbth of the microscope L

Also, m:fL(HBJ 0 LD Where L is the length of the microscope.

0 fe 0'e
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PROBLEMS

1. A light wave of frequency 4x18%Hz and a wavelength 5x16-/m passes through a
medium. Estimate the refractive index of the mediurfa

Sol:Given
v=4x10" Hz
A=5x10"m

V,, =VA =4x10*x 5x 10"

=2x10ms™
B Vo 3X10 ) g
b, v, 2x10

“—1"* =15 (Onu, =15

2. A ray of light is incident at an angle of 66 on the face of a prism of angle 40 The

emergent ray makes an angle of Sbwith the incident ray. Calculate the refractive index
of the material of the prism?

Sol: i=60°, A=30",5=30
From
o=i+te-A
= 30=60+e- 3(=e=0
=r1,=0

Fromr+r,=A=r=A=30

3
T sini, _ sin60 _ 2

sinr,  sin30

1
2

=3=1.732
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3. Two lenses of power —1.75D and +2.25D respechueare placed in contact. Calculate the

focal length of the combination?

Sol:Given
P =-1.75D
P,=2.25D
:i :i+—1: B+P,=-1.75+ 2.2¢
F f f,
©n L-05=F =0—15= am =200 cm

4. Some rays falling on a converging lens are foas 20cm from the lens. When a
diverging lens is placed in contact with the conveging lens, the rays are focused 30 cm

from the combination. What is the focal length othe diverging lens?

A. focal length of converging leng £ 20 cm
Focal length of diverging lens £ ?

Focal length of the combination f = 30 cm

1 1 1 1 iy, Vi 1 1 1
Wehave===—+—-"= "=+ "= "=
f f, f, 30 20 f, f, 30 20

fo=—-60cm

5. A double convex lens of focal length 15cm is ubes a magnifying glass is order to
produce an erect image which is 3 times magnifiedWhat is the distance between the
object and the lens?

A. focal length ‘f' = +15 cm
Magnifying power m = +3

m= f = 3= 15 = u+15=+5= u=- 10cn
u+f u+15
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6. A compound microscope consists of an object len$ focal length 2cm and an eyepiece of
focal length 5cm. When an object is placed at 2.2cfrom the object lens, the final image is
at 25cm from the eye lens. What is the distance lve¢en the lenses? What is the total
linear magnification?

Sol: f,=2cm, f,=5%m

u,=2.2cm, v,=D=25cm

For Eyepiece
Fromi:i——1
fe Ve ue
i1 1
5 (-29 (-u,)
1 _1.1_6

From

v, =22cm
UL=v,+u, :22+£5:1—57
6
L=26.16 cm
From
m:£(1+2j
uo fe
N m:£(1+§j ~10x 6= 60
2.2 5
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The distance between two point sources of light 24 cm where should you place a
converging lens of focal length 9cm, so that the iages of both sources are formed at the
same point?

focal length of converging lens (f) =9 cm

Distance between two points source = 24 cm

|
s, =
‘,rF 3 L
L e Uy —~ === -;-~u2-ﬂ
e Yy = Uy
B e i s 24¢cm ~wm~mm———
For source §
1 1 1
—_ = — 4 —
f u v,
u, =-x,f =9cm
SR UL R P S (1)
v, f u 9 -x 9 x
For point source
E:i+—1:>u2:—(24—x),f:9cm
f u, v,
Also given v = — w1
plo_ "L @1, 1 )
9 —(24-x v v, 9 (24-%
From (1) & (2)
i, 1t 110 1 12 e oux+108=
9 (24-x 9 x (24-x) x 9
—24)+/(-24)° - 4x % 108
x:—( )\/( 2) =24J‘;12=18cm0r6cn
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8. Find two position of an object, placed in fronof a concave mirror of focal length 15cm, so
that the image formed is 3 times the size of the @wt?

Sol:m:_—v=3:>v=3 =v=-3

i=—2:> u=10cm
15 3

9. When using a concave mirror, the magnificationd found to be 4 times when the object is
25 cm from the mirror as it with the object at 40 en from the mirror. The image being
real in each case. What is the focal length?

A. Case(i) object distance (u) = 25 cm
Magnifying power = 4 m

From formulem-f—: 4m= a1 Q)

u+f 25+ f
Case(ii) object distance u = 40 cm
Magnifying power = m

f
Om=—— .. 2
3 40+ f @)

f
From (1) and (2)—rn 25+f — 4= %:10% 4f= 40+ f=f=—20cm

O+f

www.sakshieducation.com



www.sakshieducation.com

10. The focal length of the objective and eyepiecoé a compound microscope are 4cm and 6¢cm
respectively. If an object is placed at distance ofcm from the objective, what is the

magnification produced by the microscope?
Sol: f,=4cm,f,=6cm
u,=6cm, D =15cm

For objective

111

fO VO uO

1 1 1
=>—=—-7—

4 v, (-6)
i—E——1:—2:>v =12cm
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