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Phenomena of Light

' *Laws of refraction: S = ] Ho

. First law: The incident ray, the refracted ray, and the normal at the point of incidence all lie in the same plane,
- Second law (Snell's law): The ratio of sine of angle of incidence to the sine of angle of refraction is a constant for
' agiven pair of media. ) ' L

; * Bending of light when |t passes f{om.onfe rrgedi_ium‘to ano_'ther._
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Refracting surfaces
* direction in a pair of media

* Coming back of light rays to the same medium, when they fall ona body. . L :
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lmportant terms

l Reflecting surfaces

g Important ltems

>

“* Reflecting surface is cum_éd inwards.
* Palishing is done on outer surface.

| * Used by defnti.'sls'to focus light on
the patient’s teeth. -
_ » Used as shaving mirrors.

' Reflecting surface is curved outwards.
* Palishing is done on inner surface.

\

* Used as rear view mirrors in vehicles

-~ *Used as a reflector in street Iamps.

* Pole: Midpoint or centre of the
reflecting surface of a spherical
mirror. e G

"« Centre of curvature: Centre of the
hollow sphere of which the mirror is.
gpares s

* Radius of curvature: Radius of that

| sphere of which the mirror is a part.

* Principal axis: Line joining the pole
and the centre of curvature.

* Principal section: Vertical section o
a mirror by a plane passing throu
the principal axis of the mirror.
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Speed of light in vacuum :

Speed of light in medium
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Types

7

* Optical centre: Centre point of a lens.

 * Principal axis: Line passing through the optical centre of the

~ lens and perpendicular to both the faces of the lens.

' Principal focus of a convex lens: A point on its principal axis

- towhich light rays parallel to principal axis converge after
passing through the lens. &

* Principal focus of a concave lens: A point on its principal

axis from which light rays originally parallel to the axis,

appear to diverge after passing through the concave lens,

* Thick at centre, thinner at edges,
* These converge light rays.

v

Image formation

* Thin in the rhi';:fl:ile, thicker at edges.
* These diverge light rays,

¢ Image formation
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(0 Image formation by convex mirror:

MORE POINTS TO REMEMBER

(7] Image formation by spherical mirrors:

@ It is more convenient to consider only two rays, for the sake of clarity of the ray diagram.

® A rayparallel to the principal axis, after reflection, will pass through the principal focus in case
of a concave mirror or appear to diverge from the principal focus in case of a convex mirror.

A ray passing through the principal focus of a concave mirror or a ray which is directed towards
the principal focus of a convex mirror, after reflection, will emerge parallel to the principal

axis.
A ray passing through the centre of curvature of a concave mirror or directed in the direction
of the centre of curvature of a convex mirror, after reflection, is reflected back along the same

path.
A ray incident obliquely to the principal axis, towards a point P (pole of the mirror), on the ] A

@
concave mirror or a convex mirror, is reflected obliquely at the same angle.

7 Image formation by concave mirror:
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(7 Image formation by concave lens:

Object at =
B

Image

Object

(b)

] Sign conventions for reflection and refraction:

@ The obiject is always placed to the left of the mirror.

@ All distances parallel to the principal axis are measured from the pole of the mirror.

@ The distances measured in the same direction as that of the incident light are taken as positive,
i.e., distances on the right side of pole are positive.

® The distances measured in the direction opposite to the direction of the incident light are
taken as negative, i.e., distances on the left side of pole are taken as negative.

® Distances measured perpendicular to and above the principal axis (along +y axis) are taken as
positive while those below the principal axis (along -y axis) are taken as negative.

NCERT Intext Questions
REFLECTION

Q. 1. Define the principal focus of a concave mirror.
Ans. The point on the principal axis at which all the rays parallel and close to the principal axis meet

after reflection from the concave mirror is called principal focus.
The radius of curvature of a spherical mirror is 20 cm. What is its focal length?

Q.2.
Ans. Here, radius of curvature, R = 20 cm.
Focal length, ['=?
We know that, =5 = 220 cm = 10cm
The focal length of spherical mirror is 10 cm.
Q.3. Name a mirror that can give an erect and enlarged image of an object.
Ans. Concave mirror can give an erect and enlarged image of an object, when the object is placed
between the pole and the focus of the mirror.
Q.4. Why do we prefer a convex mirror as a rear-view mirror in vehicles?
Ans. Convex mirrors are used as rear-view mirrors in vehicles to see the traffic at the rear side
Convex mirrors are preferred because
(i) they always give an erect, though diminished image.
(it) they have a wider field of view as they are curved outwards.
Thus, convex mirrors enable the driver to view much larger area than a plane mirror.
Q. 5. Find the focal length of a convex mirror whose radius of curvature is 32 cm.
Ans. Here,R =32 cm; [ = ? [convex mirror]
f=%=%2*= 16 cm

.6. A conc irror i
Q ave mirror produces three times (enlarged) magnified real image of an object placed at

10 cm in front of it. Where is the image located?

Ans. Here, in case of concave mirror

u=-10cm [uis always negative]
v=7;m=-3 [realimage]

Now the magnification formula is

=
W s or -3 = —(%O)
or v =-=30cm.

Image wi lormed at 30 ¢ i
ge will be formed at 30 cm from the mirror on the same side of the object

REFRACTION
Q. 1. Aray of light travelling in air en obliqu n
in air enters obliquely int i
A i tge k= £ quely into water, Does the light ray bend towards the
Ans. Light ray travelling in air i i
g n air and entering obliquely int i
. 0 water var g

the speed of the ray derenses i wats Juely water is bent towards the normal because

Q. 2. Light enters from air into i
glass having refractive i i i
glass? The speed of light in vacuum is 3 x 10° ms"mdex S Whkithe spesd.of Hight

Al‘lS. ()‘i‘"(fl] n= 1 > i - I 1 B € V Illd[ l]] [§ hcl t1ve
). oD Zl!]d tlle SpCC([ Of hght mv ElCllLllI], [ 3 X 0 18 ‘V 1(”. ] i
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v viie G.1 t]le Spced Of llgll In vacuum (“ld U 18 [llf,

speed of light in the given medium (glass). Hence we have

_c _ 3x10®
vE oy =05 = 2.0x10% ms™?

Q. 3. Find out, from table 10.3 (NCE
; RT Page No. 175), the medium havi i i i
Also find the medium with lowest optical density. Loty
Ans. A subst: aving higher r ive i i
substance having higher refractive index is optically denser than another substance havi
aving

lower refractive i i

. . . ;
: ; index. So the medium having highest optical density is diamond. T} i
with lowest optical density is air. hemedn

Q.4. You are gi i i
e, f} 'ven ker;)sene, turpentine oil and water. In which of these does the light ray travel
stest? Given refractive index of k ot
‘ erosene = 1.44, Refractive i i
refractive index of water = 1.33. ’ el
Ans. Speed of light i ium is i
. 1tin a med sely proporti ractive i
‘ g um is mversely proportional to refractive index of the medium, i.e. p o L
; As refractive index of water is minimum, so light travels fastest in water, '
+ 5. The refractive i i i :
] ractive index of diamond is 2.42. What is the meaning of this statement?
ns. The refractive i i i :
‘ ve index of diamond is 2.42. It means that for a light ray travelling in vacuum and
enter iz is s -
ing diamond, speed is slowed and becomes ) 112 times than that in the vacuum
Define 1 dioptre of power of a lens. .
Ans, ioptre i : i
K I dioptre is the power of a lens whose focal length is 1 metre.
« 4. A conv i i
e ex tl]f.;lﬂs forcrll;s areal and inverted image of a needle at a distance of 50 cm from the le
e is the needle placed in front of the i i he
: convex lens, if the image i i
object? Also find the power of the lens , e
Ans. Wh ject i . '
. en an object is placed, at ¢ & / its i i
)] p »at 2F ), of a convex lens, its image is formed at 2Fy and is of the same

size as object.




i a distz 5 ‘om the convex
Here, it is given that the image of the needle is formed at a distance of 50 cm fi
Fisn in i j : ist: (50 cm.
lens. Hence, the needle is placed in front of the lens at a distance of 50 ¢

Object distance, u = — 50 cm
Image distance v = 50 cm
Focal length = /' |
According to lens formula
11 1

1 1 1 2 _ 1 r
7750 T (=50) 50 25
f=25cm=025m
1
Power of lens = Fanm)y =995 ~ 14D
Q. 8. Find the power of a concave lens of focal length 2 m.
Ans. Given [=-2m 1 " -
Power, P = b =_5 =-05 dioptre.

; g )
Thus, the power of concave lens is — 0.5 dioptre.

NCERT Exercises
REFLECTION

Q. 1. The image formed by a concave mirror is oPserved to be virtual, erect and larger than the
object. What should be the position of the object?

(a) Between the principal focus and the centre of curvature.

(b) At the centre of curvature.

(c) Beyond the centre of curvature. . o

(d) Between the pole of the mirror and its principal focus. ool whem the otjectis ol
The image formed by a concave mirror is.vir‘tual, erect and la‘r‘gel olu YW i :z; : ]|

between the pole of the mirror and its principal focus. So correct choice ! e ror s ik}
No matter how far you stand from a mirror, your image appears erect. The mir

be
(a) plane
(c) convex . : o il
A plane mirror forms an erect image of equal size; while a conlvex mirror for msl ar? 'et;i‘ o g
nf};maller size irrespective of the distance of object from the mirror, so correct choice ) 15. i
We wish to obtain an erect image of an object, using a concave mirror ot; i;)\;:lz:ltlt.enfli -t
i j i at is

the distance of the object from the mirror?
What should be the range of . ) > na
of the image? Is the image larger or smaller than the object? Draw a ray diagram to s

Ans.

Q. 2.

(b) concave
(d) either plane or convex

Ans.

Q.3.

image formation in this case.

Ans.

When object is between pole and focus
An erect image is formed by a concave mirror, only

il the object is placed between the pole and the
principal focus of the mirror (..,

range of object distance is between 0 and 15 cm. e, 0 <wu < 15cm.)
Nature: The image is virtual.

Size of Image: The image is larger than the object. The ray diagram is shown in figure.

Q.4. Name the type of mirror used in following situations:

(a) Headlights of a car

(b) Side/Rear-view mirror of a vehicle

(c) Solar furnace

Support your answer with reason.

Ans. (@) Headlights of a car use a concave mirror.
Concave mirror renders the rays parallel when object is placed at its principal focus. The
bulb of headlight is at focus of concave mirror, the rays reflected from the mirror are in the
form of a strong parallel beam, which goes straight and makes the distant objects visible for
safe driving.

(b) Side/rear view mirror of a vehicle is a convex mirror because of its larger field of view.

(¢) Solar furnace uses a concave mirror. The object to be heated is placed at the focus of concave
mirror. The parallel rays coming from the sun become incident on the mirror and get
reflected at focus. That is sufficient energy is received from the sun and collected at one
point (focus) to heat the object.

Q.5. An object is placed at a distance of 10 cm from a convex mirror of focal length 15 cm. Find the

Ans,

position and nature of the image,

Given, u = —10 cm, =4+ [hem,v =?

From mirror formula, % = ;1; + 11_.3 or tl‘, = %—}T
= %=%*(~}0) =15 +1g = L5

or v=§5—=+6 cm

That is the image is formed at a distance of 6 cm from the mirror
and virtual.

The magnification produced by a plane mirror is + 1. What does this mean?

The positive (+) sign ol magnification (m) indicates that the image is virtual and erect. The
magnification, m = 1 indicates that the image is of the same size as the object. Thus, the
magnification of + 1 produced by a plane mirror means the image formed in a plane mirror is
virtual, erect and of the same size as the object.

behind it. The image is erect




i : i nvex mirror of radius
ngth is placed at a distance of 20 cm in front of a co

An object 5 cm in le . (
« Find the position of the image, its nature

of curvature 30 cm.

Radius of curvature of convex mirror, R = 30 cm.
R _ 30cm
9 -2

W =7

Q.7.

and size. E

Ans.
- T
irror, f= = 15cm

.. Focal length of convex mirrot, f= 15

Now h=5bcm,u=-20cm,v = F
. : L=l & 1

Using the mirror formula ]T =t
1 |

=15 =20

we have

4+3
60

1=

!
15t 90

1
| 60
T S |
s formed at a distance of 8.6 cm behind the convex mirror.

1 8
k' m

=+ 8.6cm
The image is virtual and erect.

Thus, image i
A

= u

Y 8.6
=20

_ 86

20

]

=2.15cm

=0

x|
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erect, virtual and diminished.

An object of size 7 cm is placed at 2
what distance from the mirror should a screen be placed

obtained? Find the size and the nature of the image.

Here, h = Tcm,u = -27cm,f = -18,v = =7

LoipL
vt

7 cm in front of a concave mirror of focal length 18 cm. At

Ans.

1 J
Using the mirror formula T = we have
L_1 1

v u

Il

-

-3+ 2 1
5 T T T s

1
18727~ -18 27 54 54

v = -b4dcm

. : - e at il
4 cm in front of the mirror and =" sign shows that 1mag

S o - of 5
he image is formed at a distance ; rand. - S ‘
l ; e object. It means Image 1s real and inverted.

is formed on the same side as ,that of th
v

h
Further, we know that m = 7~ = =
W _ ~(54)
7 (-27)

I = -14 cm

ve sign of the image shows that it is inverted.

Hence, the size of the image is 14 cm. The negati

so that a sharp focused image can be E

T ———

—
e

o o

Thus. the nature of the image is real, inverted and enlarged.

REFRACTION

Q. 1. Which one of the following materials cann.ot be
(a) water (b) glass (c) plastic
Ans. Lens is made of a transparent material;
Clay is not transparent [choice (d) is correct].

used to make a lens?
(d) clay

Ans.,

Q.3.

Ans,
Q. 4.

Ans.
Q. 5.

Ans.

Q. 6.

Ans,

Where should an object be placed in front of a convex lens to get a real image of the size of the
object?

(a) At the principal focus of the lens
(c) At infinity

(d) Between the optical centre of the lens and its principal focus.

(b) At twice the focal length

For real image of same size, the object must be placed at the distance 2f in [ront of convex lens,
choice (b) is correct.

A spherical mirror and a thin spherical lens have each a focal length of -15 ¢cm. The mirror
and lens are likely to be

(a) both concave (b) both convex

(c) the mirror is concave and the lens is convex

(d) the mirror is convex and the lens is concave

Concave mirror and concave lens both have negative focal length, choice (a) is correct.

Which of the following lenses would you prefer to use while reading small letters found in a
dictionary?

(@) A convex lens of focal length 50 cm
(¢) A convex lens of focal length 5 cm

(b) A concave lens of focal length 50 cm

(d) A concave lens of focal length 5 cm
Magnifier or a simple microscope consists of a convex lens of small focal length; choice (¢) is correct.
One half of a convex lens is covered with a
black paper. Will this lens produce a complete
image of the object? Verify your answer
experimentally. Explain your observations.

B’

1
I
I
|
I
I
1
1L
I
1
1

Take a live candle, putit in front of a convex lens
mounted on an optical bench. Move the candle
along the axis of the bench and take its full image
on a screen fig. (a). Now cover the lower half of
the lens with a black paper without changing the
positions of candle, lens and screen fig. (b).

A

You will observe that the full image of the
candle is still seen on the screen; but the
intensity of image is reduced. The reason is
that a large number of rays incident on the
lens are refracted to form the image when lens
is not covered. In the case of covered lower
half of lens with black paper, the rays starting
from candle and incident on lens are refracted
from the upper part only and form the full
image, having low intensity.

An object 5 cm in length is held 25 cm away from a converging lens of focal length 10 cm.
Draw a ray diagram and find the position, size and the nature of the image formed.

No ray

Covered with—
transmitted

black paper

I

I

1

I

]

]

I

I
=
]

]

1

I

]
YA
1
I

Here
u = —25 (uis always negative) A ol
J =+ 10 cm (convex lens) ]
h=5bcmyuv=72and ' =? . F B
E B , ) "
From the lens formula Object 2k F L } =k
111 ' A
]
i e Image
[ v ou
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VERY SHORT ANSWER QUESTIONS [1 mark]

1 4
= % . % o b Q.1 Whatislighe
1 1 3 Ans. Lightis a form of energy which gives us the sensation of sight or vision.
=0T 325 " 50 Q. 2. What is a ray of light?
50 Ans. The path along which light travels is called a ray of light. "
or 9 =g = 1obTem . Q.3. Whatis a beam of light? Ray
This image is formed at a distance 16.67 ‘ Ans. A group of light rays originating from a source and travelling in some definite direction is known

cm behind the lens. as a beam of light.

Also, magnification Q. 4. Define the term principal axis of a spherical mirror. [CBSE Delhi (C) 2017)
e nWo_ v Ans. Principal axis of a spherical mirror is the line Joining the pole and the centre of curvature of a
b spherical mirror.
- = B g = 16'2(;7 x5 =-3.33cm Q.5. Name a communication device which uses light for its working,
u =

\4 e 3.3 Ans. Optica] fibres, which transmit ma ny telephoni( messages at the same time.

. ‘ . - s .~ i .: 3 Tl. . . ' . |

,_l"}llls, llnﬁge 1§ 1nvel ted, le.:ll and Of S1Z ?) Cl i , " : Il 11 1 l l |
i i 1 l g 3 iﬂlllls an lllage a[ a (1 StallCE Df ]‘U cm il om gle Of IEfleCtll"l whe

Q' 7. ‘A' concave (dl' Blglllg) ens 0{ fDCﬂ lE“ th 15 cm na ['ay of ght fa S No 1

g o ction 18 0 i
l HOW fal is tlle ObieCt Placed fIOlll t]le IEIIS? DI aw tlle Ia’ dlag] am. Il]e dan le I Ief e
‘ he ens.

Q. 7. What kind of image can be obtained on the screen?

Here, focal length of the concave (diverging) lens is Ans. Real image.

Ans.
"= _ 15 cm (negative) Q. 8. What type of image is formed:
v = —10 cm (image same side in concave lens) (i) in a plane mirror, and (i) on a cinema screen?
u =3 £ 9 Ans. (i) Virtual image, and (@) real image.
By lens formula, we have 1;_1—4. = ? Q.9. V‘Vrite two c-lifferent uses (?f concave mirrors. . ' [(J{‘}SE Delhi (C) 2017)
¢ g i 1 Ans. Concave mirror are used in (a) Torches (b) Searchli ghts (c) headlights of vehicles, etc.
or L Pl ko T T - Q.10. Name the type of mirror which always forms a virtual and diminished image.
) = e
* 1 1 -3+2 _ 1 Ans. Convex mirror.
=15 YT . 50 30 Q. 11.  Which mirror—convex or concave has larger field of view?
B Ans. Convex mirror.
oF u =-30cm 1 Q. 12. Why is convex mirror used as a rear view mirror in vehicles? State any one reason, il
, T ata di f 30 cm away from the lens. - CBSE Delhi (C) 2017
I'he object is placed at a distance o o [CB. elhi (C) 1
this?
Q. 8. Find the focal length of a lens of power - 2.0 D. Wihat igpsakics = ~ Ans. As convex mirror gives a wider field view of the approaching traffic it is used as a rear view
Aiig. e Bowes B='= S0 1 , mirror i.n vc.hic]es. . : ,
If f is the focal length of lens, then P = 7 gives Q. 13. If an object is placed at the focus of a concave mirror, where is the image formed?

Ans, At infinity.

1
f= P oM =-50 cm Q.14. What should be the position of the object when a concave mirror is to be used:

-2.0
({) as a shaving mirror?, and (i) as a doctor’s mirror?
Ans, (i) Between pole P and focus T, and
p
(i) At focus .

- Q.15. What sign (+ve or —ve) is given to the focal length of:

Negdtlirﬂ Slgfi SllO WS I-lldt ICIIS 1S concave. I llLlS fOCdl lellg tll Ot lells 18 .)() cm all(l 1t 18 conc dh\e lens
Q p SCY lbed a cor rective le!lS Of PO"Ve[ I ].o D. Flll(l tlle f en tll ol t )
9 A dOCt()l haS re C 5 Ocal I g f {+] lells

Is the prescribed lens diverging or converging?

S _ K . ) = 5
Ans. Given P=+15D (@) a concave mirror?, and (b) a convex mirror:

" e 1 Ans. (a) Focal length of a concave mirror is - ve, and
S = g . s
f(in metre) (b) Focal length of a convex mirror is + ve,

1 L _ . - 0, 16. ; . . ; S
Focal length, [ = kT 0.667 m = 66.7 cm Q What is the significance of +ve sign of magnification?

Ans, + ve sign of magnification shows that the image is virtual and erect,

i iti ' x) lens.
As power of prescribed lens is positive, the lens is converging (or convex)

243
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Q. 17.
Ans.

Q. 18.

Ans.

Can a plane mirror be called spherical m'irror?.

Yes, a plane mirror can be called a spherical mirror of
infinite radius of curvature.

A man standing in front of a spherical mirror, finds
his image having a very small head, a fat body :?nd legs
of normal size. What type of mirrors are used in these

— Plane mirror
A very small head: Convex mirror,
A fat body: Concave mirror, and

4 g [ i i il‘l‘Ol‘.

I €gs Of IlOl]‘ﬂal s1ze: I lanC m )
ffer e l, tw V) ma y Vv i Nvex mirror.

Di entiat e een il‘tual i ge fO[‘med b a concave mirror and Of a co Irrorx

QA:E The virtual image formed by a concave mirror is always magnified whereas the virtual image
‘ formed by a convex mirror is diminished. .
Q. 20. What is the magnification produced by a plane mirror?
Ans. The magnification of a plane mirror is 1 o
Q. 21. The angle between an incident ray and the mirror is 40°.
(i) What is the angle of incidence?
(ii) What is the angle of reflection? - ;
(iii) What is the total angle through which the ray— .of llgoht turns:
Ans. (i) 50° (2) 50° s : t(ml) I:)i(l)wipal -
i is said to have a virtua E
QA121: xl;yc;l:z: E::Kf: :lpl:l‘::tll‘ellsbs:am after reflection do not actually pass througlil tll:: f;l)::l; (Vf;):l)ll;;
. it appears to come from the back side of the mil.-ror from focus. So, a convex mi s
1principal focus, which is situated behind the mirror.
Q. 23. What is the value of 0 in the following ray diagram?
Ans. Here, ZMON = ZMOL + ZLON = 0 |_
ZLON = ZFOC = 25° (vertically opposite angles) .
ZLON = £MOL = 25° M,
[Angle of incidence = Angle of reflection]
ZMON = 25 + 25 = 50°
Q. 24. Explain why a ray of light passing through the centre
of curvature of a concave mirror gets reflected along
reflection. |
Ans. fll"l:iss ?snlzzciz::s atlli:t: ;nglc of incidence is 0°. That is the ray passing through the centre of curvature

: o A
Q. 25. Draw a ray diagram to show the path of the reflected ray corresponding to an incident ray :

is incident normally to the mirror. The angle of reflection should also be 0°.

/

i inci an
light parallel to the principal axis of a convex mirror and show the angle ?(f ;r;(;c:jl;)cgmﬂ
angle of reflection on it. Reiat

Ans.
0 27.

-

Ans.

0. 29.
Ans,

Q. 30.
Ans.

0. 31.
Ans,

- Q.32
Ans,

Ans,

Q. 26.

the mirror is +3?
Virtual and erect.

Between which two points of a concave
magnification of - 37

Between F and C.

mirror should an object be placed to obtain a

R
Focal length, f = 5

It will provide a convex mirror.

Which property of concave mirror is utilised for using them as shaving mirrors?

virtual image is obtained.
What is an optically rarer medium?

Amedium in which light travels com paratively faster than the other medium is called an optically
rarer medium.

What is an optically denser medium?

A medium in which light travels comparatively slower than the other medium is called
optically denser medium.

dan

Define the term refraction of light.

The bending of a ray of light falling obliquely on a surface when it passes from one transparent
medium to another is called refraction,

Define the term angle of incidence.

The angle between the incident ray
incidence.

and the normal at the point of incidence is called angle of

Define the term angle of refraction,

The angle between the refracted ray and the normal at the point of incidence is called angle of
refraction.

Define the term refractive index of a medium in terms of speed of light.

Refractive index of a medium is
light in the medium. ie.,

defined as the ratio of speed of light in vacuum to the speed of

_ Speed of light in vacuum

Refractive index (of a medium) Speed of Tight in medium
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Q. 36.
Ans.

Q. 37.
Ans.

Q. 38.
Ans.

Q. 39.

Ans.

Q. 40.
Ans.

Q. 41.
Ans.

Q. 42.
Ans.

Q. 43.

Ans.
Q. 44

Ans.

Q. 45.
Ans.

Ans.

What is absolute refractive index?
Refractive index of a medium with respect to vacuum is called absolute refractive index.

What is relative refractive index?

Refractive index of a medium with respect to another medium is called relative refractive index.
What is the unit of refractive index?

Refractive index has no units as it is a ratio of two similar physical quantities.
Refractive index of two material mediums X and Y are 1.3 and 1.5 respectively.
the two, the light would travel faster?

In medium ‘X’ because of lower value of refractive index.

In which of

What is the cause of refraction of light?

Refraction of light takes place when it travels from one medium to another because the speed of

light is different in the two media.
What is the relationship between the refractive index of two media?
The refractive index for the light going from medium ‘1’ to medium ‘2" is equal to the reciprocal
of the refractive index for light going from medium ‘9’ to medium ‘1.

1

1u2=ﬁ’:

In which direction a ray of light bends when it goes from water to glass?
We know that glass is a denser medium than water. Therefore, a ray of light will bend towards

the normal when it goes from water to glass.

If refractive indices of water and alcohol are 1.33 and 1.36 respectively, which of the two is

optically denser medium?
The refractive index of alcohol is more than water, therefore, alcohol is optically denser medium.

If a light ray IM is incident on the surface AB as shown, identify the correct emergent ray.

I

Here, NQ is parallel to OS. Therefore, NQ is the correct emergent ray.
Why does a ray of light bend when it travels from one medium into another?
When a ray of light travels from one medium to another, its speed changes and this change in

speed of light causes the bending of light (refraction of light).

What is a lens?

Alens is a piece of transparent medium bounded by two surfaces of which at least one surface B

curved.
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.47. N I int insi
Q anlle the point inside a lens such that a ray of light passing through it goes undeviated
Ans. Optical centre. |
Q. 48. Name the phenomena on which the working of a lens is based
Ans. The working of a lens is based on the phenomenon of refraction of light
. 49. .
Q.49 Stf';lte tw-o examples of phenomenon of refraction of light in everyday life situations.
Ans. (i) Astick partly immersed in water appears to be bent at the water surface
(1) A pool of water appears less deep than it actually is.
Q. 50. What is meant by power of a lens? [CBSE Delhi 2015)
'BSE Delhi 2015
Ans. Power of a lens is the degree of conver i Al
o ! | gree of convergence or divergence of light rays achieved by a lens,
=7 (where [ = focal length).
Q. 51. Give the SI unit of power of lens. State wl
e P ate whether the power of a converging lens is positive or
Ans.  The SI unit of power of a lens is dioptre.
The power of a converging lens is positive as fis +ve.
Q. 52. A spherical mirror and a lens have sa
me f i
A spheric e focal length of — 20 cm. What type of mirror and lens
Ans. A concave mirror and concav i
a e lens hav ativ i
A conea ens have negative focal length. Hence, both mirror and lens are
Q.53. A small electric lamp i
. p is placed at the focus of a co i
R nvex lens. What is the nature of beam of
Ans. The beam of light coming out of'lens is a parallel beam of light as shown
Q.54. An object is placed 80 cm fro i
m a i
et converging lens of focal length 25 cm. What is the nature of
Ans. The image is real, inverted and diminished as the object is placed beyond 2F.

Q. 55.
Ans.

Q. 56.

What is the power of a combination of lenses?

If a number ar i
! p " bl(ﬂ of Ilenses are placed in close contact, then the power of the combination of lenses is
qual to algebraic sum of the powers of the individual lenses.

P=[)] +P2+P:5+ ..........
State . " . i
- one advantage of using combination of lenses in optical instruments instead of a single lens
1€ us a combinati i inc i [ .
u-sc of a combination of lenses increases the magnification and sharpness of the image
What is monochromatic light? ki

I P C wav()l(,l'lgth 1 Cdile(l Il]()I]OCllI‘ ati i i i
- b matic l[ ’l]t e, SO(] uim la n 1S a source l)i-
IllOI]OChl‘OI]la[’lC llgllt- : , g l

Ea(x:]e the component of white light that has the greatest wavelength.
ed.

How does phenomenon of lateral inversion occurs?

[CBSE Sample Paper 2016

Th — :
e phenomenon of lateral inversion occurs due to the reflection of light by plane mirror.
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Q. 60.
Ans.

Q. 61.
Ans.

Q. 62.

Ans.

A g e
Under what condition a lens becomes invisible when placed in a transpar(?nt lu']ulc‘l.l
This happens when the refractive index of the lens becomes equal to that of the liquid.
Define the term magnification. o . -
The ratio of the height of image to the height of object is called magnification. e
‘ i eam
Show diagrammatically, how should two converging lenses be arranged so that a paralle

becomes parallel after passing through two lenses. - | e
If the distance between two lenses becomes equal to sum of their focal lengths, then pare

beam of light will emerge parallel after passing through the second lens.

Q. 63. The diagram below shows the refracted ray QR through a concave lens. Complete the diagram

Ans,

by drawing the corresponding incident ray.

Refrac_ted ray

inci i incident r : arin
In figure the refracted ray is parallel to the principal axis. So, the incident ray must bz appea ang
to meet at the principal focus of concave lens. To find the incident ray, Fy is joined to Q

produced as shown in the figure.

2F, Fy

Q. 64. Redraw the given diagram and show the path of the refracted ray.

3

B

k]
N
b d
o

T o

P
Em———m

Ans,

SHORT ANSWER QUESTIONS-I

-

- .

R

Refracted ray

[2 marks]

Q. 1.
Ans.

Q. 2.
Ans.

Ans,

What possible phenomenon can happen when light falls on a surface?

Any of the following phenomenon may happen:
() A portion of incident light is reflected back into the first medium.

(1) Some portion travels through the second medium along a changed path, known as refraction.

(i) The remaining part of the light may be absorbed by the second medium.,

List four characteristics of the images formed by plane mirrors? [CBSE Delhi 2015, 2017 (C)]
(1) Image formed by a plane mirror is always virtual and erect,

(#) The size of the image is equal to that of the object.

(@it) The image formed is as far behind the mirror as the object is in front of it.

(iv) The image is laterally inverted.

List four specific characteristics of the images of the objects formed by convex mirrors.

(CBSE Delhi 2015)

(1) Virtual

(7ti) Diminished

(¢2) LErect

(iv) Object distance more than image distance

An object is placed at a distance of 30 cm in front of a convex mirror of focal length 15 cm.
Write four characteristics of the image formed by the mirror. [CBSE Delhi 2017]
Virtual, erect, diminished, laterally inverted.

An object is placed at a distance of 40 cm in front of a convex mirror of radius of curvature 40
cm, List four characteristics of the image formed by the mirror. [CBSE Delhi 2017]
Virtual, erect, diminished, laterally inverted

An object is placed at a distance of 12 cm in front of a concave mirror of radius of curvature
30 cm. List four characteristics of the image formed by the mirror., [CBSE Delhi 2017
Virtual, erect, diminished, laterally inverted.

Explain the term lateral inversion.

If an object is placed in front of a plane mirror, then the right side of the object appears to be
the left side of the image, and the left side 6f the object appears to be the right side of its image.
This change of sides of an object and its mirror image is called lateral inversion.

In what way is the word AMBULANCE printed in front of the hospital vans? Why is it printed
this way?

The word AMBULANCE on the hospital vans is written in the form of its mirror image as
AOVATUEMA because any vehicle which is ahead of ambulance van can see the laterally inverted
alphabets correctly from his rear-view mirror and make way for it to pass through and enable ¢

to reach the hospital quickly,
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0Q.9.

Ans,

Ans.

Q.11.

Ans.

0. 12.

Ans.

Q. 13.

Ans.

How can you distinguish between a plane mirror, a concave mirror and a convex mirror

without touching them?
By observing the virtual images formed by the three mirrors, we can distinguish between the
mirrors as:
(i) Plane mirror will produce an image of the same size,
(1) Concave mirror will produce a magnified image, and
(z2i) Convex mirror will produce a diminished image.
State the laws of refraction of light. If the speed of light in vacuum is 3 x10% m/s, find the
absolute refractive index of a medium in which light travels with a speed of 1.4 x10° m/s,
[CBSE (F) 2015]

m Laws of refraction of light:
First law: The incident ray, the refracted ray, and the normal at the point of incidence all lie

in the same plane.
Second law (Snell’s law): The ratio of sine of angle of incidence to the sine of angle of

refraction is a constant for a given pair of media.

sini )
= Constant

e sinyr
m Speed of light in vacuum, ¢ = 3 X 10% m/s
Speed of light in medium, v = 1.4 x10% m/s
Speed of light in vacuum
Speed of light in medium

Absolute refractive index =

3x10%m/s
=——7a =214
1.4xX10°m/s

State two positions in which a concave mirror produces a magnified image of a given object.
List two differences between the two images. [CBSE Delhi 2016]

A concave mirror produces a magnified image when the object is placed in front of the mirror:

(2) between its pole and focus (it) between the focus and centre of curvature

In case (/) the image is virtual and erect, whereas in case (i7) the image is real and inverted.

An object is placed at a distance of 30 cm from a concave lens of focal length 15 cm. List four
characteristics (nature, position, etc.) of the image formed by the lens. [CBSE (Al) 2017]
m Erect

m On the same side as the object.

m Virtual

® Diminished
The linear magnification produced by a spherical mirror is +3. Analyse this value and state
the (i) type of mirror and (ii) position of the object with respect to the pole of the mirror. Draw
ray diagram to show the formation of image in this case. [CBSE (F) 2016]

(z) Concave mirror (i) Between the pole and focus

- 14. Redraw (l i iagr
Q s m‘;rku;followmg (?mg.n am on your answer-sheet and show the path of the reflected ra
1e angle of incidence (/i) and the angle of reflection (~ r) on the diagram g

[CBSE (F) 2017

Ans,

Q. 15. What will happen to a ray of light when it falls normally on a
surface? Show it diagrammatically, |

Al (0]
e -8 e

When a ray oﬂight falls normally on the surface of a medium
then, nolbendmg of light ray occurs, It means the light ray
goes straight from one medium to another. )
Identify the device used
following cases,
in each case,
(a) Object is placed between device and its

formed is enlarged and behind it,
(b) ?bject i.s placed between the focus and device, image
5 ormed is enlarged and on the same side as that of the object

¢) Object is placed between infinit ice, i -
c y and device, image formed is dimini
focus and optical centre on the same side as tl,1at ofgthe object Ptieraimeral

(d) Object is placed between infinity and device
pole and focus, behind it. ,

(@) Concave mirror
(¢) Concave lens

Q. 16.

(a spherical mirror or lens) in
when the image formed is virtual and erect |
L e B
. Air i

focus, image

|
Glass
|

image formed is diminished and between
e [NCERT Exemplar)
(b) Convex lens
(d) Convex mirror
«17. A co
Q re :‘:Z, lfents of focal If;ngth 20 cm can produce a magnified virtual as well as real image, Is
e imagzgp statement? If yes, where shall the object be placed in each case for obtaining
Statement is .(‘()l ect if the obj P e
-Orrect it the object is placed within 20 cm from '
the 1 the first c

between 20 cm and 40 cm in the second case. i

II:::WI l?rgopower and focal length of a lens related? You are provided with two lenses of focal
i hgt: cm and 40 c¢cm respectively, Which lens will you use to obtain more convergent
[NCERT Exemplar]

Ans,

and

Q. 18.

Ans, P:l

1
\ Proo=, B . . il
7 o r Power of a lens is inversely proportional to its focal length therefore lens having

focal length of 20 cm will provide more convergence.
DR e —




Q. 19. Under what condition in an arrangement of two plane mirrors,
incident ray and reflected ray will always be parallel to each
other, whatever may be angle of incidence. Show the same with
the help of a ray diagram. [NCERT Exemplar]
When two plane mirrors are placed at right angle to each other,
then the incident and reflected rays will always be parallel to each

Ans.

other.
Q. 20. Draw a ray diagram showing the path of rays of light when it

enters with oblique incidence (i) from air into water; (ii) from
[NCERT Exemplar]

Ans. 1) Conv 5 1
(1) Convex ]f.fl]b. (i1) Real, inverted, enlarged.
(11) When object is at 2F,

water into air.
g!- 3- I() COnStluCt a Iay dlag[a"l we use tWO Iays 1)' ll l" wl[l('l[ are so (ll(lsell tllat it 15 easy to
g

determine their directions after reflection from the mirror. Choose these two ra d

path of t.h-ese rays after reflection from a concave mirror. Use these two rays to ?iil?inthztzzeu?:e

;:::l Ipl(;sr:tl:;lnltz)f (:‘.he Image of an object placed at a distance of 15 cm from a concave mirror oi'
g m. [CBSE Delhi 2015)

Ans.  The candidate may choose the following rays:

Ans.

(i) A ray parallel to the principal axis,
after reflection, will pass through
the principal focus of a concave
mirror.

(11) A ray passing through the centre of
curvature of a concave mirror after
reflection is reflected back along the
same path.

Q.21. List two properties of the images formed by convex mirrors. Draw ray diagram in support of

your answer.
Ans. The images formed by convex mirrors are: Virtual, erect and smaller than the object

R _ ; '
N Object distance, u = - 15 cm,
2N focal length, /= - 10 ¢m, image distance, v = ?
| , Apply mirror formula,
LI |
1 voou f

L1 i L L0 1 4w |
v [ u v -10 -15 ?_HW"'E: 30 30 il

SHORT ANSWER QUESTIONS-II [3 marks] 5=~30cm |

The i1 at a distance of ¢ in fi i
mage is formed at a distance of 30 cm in front of the mirror (negative sign means object

Q. 1. Distinguish between real image and virtual image. )
and image are on the same side). It is real and inverted.

Ans.
Q. 4. Explain with the help of a ray diagram, why a pencil partly immersed in water appears to be

bent at the water surface.

Virtual Image

It is formed when reflected (or refracted) rays appear to
meet when produced backwards.

Real Image

1. | Itis formed by the actual meeting | . A .
E ns. S - 1 half s . ;

of reflected (or refracted) rays. A stick or a pencil half immersed in water at an
angle appears bent due to refraction of light at

It cannot be obtained on the screen. 1 . . .
the air-water interface. Figure shows a straight

o

It can be obtained on the screen.

e

5,1 missinapEinensd. 3. | Itisalways erect. stick AO whose lower portion BO is immersed
In water. It appears to be bent at point B in the

direction BI. A ray of light OC coming from
the lower end O passes from water into air at C

1t is formed by concave, convex and plane mirrors (or

4. | It is formed by concave mirror or | 4.
concave and convex lenses).

convex lens.

Q. 2. Study the ray diagram given below and answer the following questions:
(i) State the type of lens used in the figure.

(i) List two properties of the image formed.
(iii) In which position of the object will the magnification be - 1?

and gets refracted away from the normal in the
direction CX. Another ray OD gets refracted in
the direction DY. The two refracted ray CX and




g Tace ¢ ¢ T raw the followin diagr m, in which a ray of li
) Y, wi luced backward appear to meet at point I, nearer to the water surface above 0] 7. D g —
M DY, when produc i ard, @

ght is incident on a concave/convex mirror, on
your answer sheet. Show the path of this ray,

. s G : % vexilt after reflection, in each case. |CBSE Delhi 2016
the point O. Similarly each part of the immersed portion of the stick is raised. As a resu

i : rom outside.
immersed portion of the stick appears to be bent when viewed at an angle frc

b

Q. 5. Draw a ray diagram to show the path of the reflected ray in each of the following cases. A ray
. of light incident on a convex mirror

(a) strikes at its pole making an angle 0 from the principal axis.

M

(b) is directed towards its principal focus. s 2
(c) is parallel to its principal axis.
Ans. (a) ()

Ans.

O
Te

Q. 8. Distinguish between a convex lens and a concave lens.
Ans.

Convex Lens Concave Lens

Itis thicker at the centre than at the edges.

It is thinner at the centre than at the edges.
2. | It has real focus.

2. | It has virtual focus.

It converges a parallel beam of light after

It diverges a parallel beam of light after
refraction through it. '

refraction through it

Q. 6. A student wants to project the image of a candle flame on a screen 80 cm in front of a mirror |
o by keeping the candle flame at a distance of 20 cm from its pole.

(i) Which type of mirror should the student use?

(ii) Find the magnification of the image produced.

(#ii) Find the distance between the object and its image.

(iv) Draw a ray diagram to show the image formation in this case and mal;;g;;;;?g?;?
between the object and its image. [C

Ans. (i) Concave mirror should be used.

Q.9. “A lens can form a magnified erect image as well as magnified inverted image of an object
placed in front of it.” State the nature of this lens and draw ray diagrams to justify the above

statement. Mark the positions of O, F and 2F in the diagra

m. [CBSE (AI) 2017]
Ans. The lens is convex
) : _ " ists , v =— 80 cm; . .
(@) Object distance, u = —20 cm; image distance, v (@) Magnified erect image
magnification, m = ? . (-80 cm) ~ n
m=—7—m_“ ?“‘::
(iit) Distance between object and its image = v —u = 60 cm __;B_ -
b2
w c
(i) :




Q. 10.

Ans.

Q.11.

Ans.

Q. 12.

Ans.

Q. 13.

Ans.

If the image forme
erect and diminished, what type of mirror is i
Where and why do we generally use this type of mirror?
A convex mirror always
it irrespective of the position of the object.

d by a mirror for all positions of the object placed in front of it is always
t? Draw a ray diagram to justify your answer.
[CBSE (AI) 2015]

produces an erect and diminished image of the object placed in front of

A convex mirror is used as a rear view mirror in vehicles. It enables the driver to view a much

larger arca of the traffic behind. It forms erect image.

r all positions of an object placed in front of it is always erect

f this lens? Draw a ray diagram to justify your answer. If

lens is 10 D, what is its focal length in the Cartesian
[CBSE (AI) 2017)

If the image formed by a lens fo
and diminished, what is the nature o
the numerical value of the power of this
system?

This is Concave or diverging lens.

2F, B F, B

1
/=
Focal length, As P = -10D,

1
so, [ = m =-0.lmor-10cm
appears to be bent at the interface of air and
if instead of water we use liquids
[NCERT Exemplar]

A pencil when dipped in water in a glass tumbler,
water. Will the pencil appear to be bent to the same extent,

like, kerosene or turpentine. Support your answer with reason.
in different liquids since speed of light in the medium depends

No. Bending will be different
higher refractive index is

on the relative refractive index of the medium. A substance having
n another substance having lower refractive index. Thus higher the refractive

optically denser tha
a beam of light passing through it.

index of a substance, more it will change the direction of
How is the refractive index of a medium related to the speed of light? Obtain an expression

for refractive index of a medium with respect to another in terms of speed of light in these tw0
media? [NCERT Exemplar]
The refractive index of the medium n,, is given by

Speed of light inair ¢

m "~ Speed of light in medium v
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n

Ans.

Ans.

LONG ANSWER QUESTIONS

Letwv; be 2 ight i i
indexl I nt}l;;{);e;l ofjlllght in medium 1 and vy be the speed of light in medium 2. The refractive
12 with re i is oi ‘
R ll “".“t 1 Tespect to medium 1 is given by the ratio of the speed of light in medium
Q ¢ speed of light in medium 2. This is usually represented by the symbol n
21-

Speed of light in medium1 o,

Wi

Speed of light in medium 2 n vy

Sudh i i

oue d?s?al:ii (:t{tltshat tl}e sharp image of the window pane of her science laboratory is formed

e e oL ({l:mf rl(])m t!le lens. She now tries to focus the building visible to her outside

P Sm-: ot t E w-mdow pane without disturbing the lens. In which direction will

i lens;en o obtain a sharp image of the building? What is the approximate focal

Sudha should move the screen [NCERT Exemplar]

towards the lens so a i i i

2 ot ‘ : s to obtain a clear image of tl i

3 [illzcz:ppx ?x’lmate focal Iength of this lens will be 15 em. The rays of light co%nilci tf:fni)luclll'di'n g'

o (J: 3 05;121‘1 ;1/3 lc;letl ee (mi]aldlstantfbullding or electricity pole) can be considered togbe paralllseld?o[
: n parallel rays of light are incident ; i

converge at focus on the other side %f the lens. o A e DT ralRatian,

Draw ray diagrams to show the formati

: ' tion of three times magnified (a) real, and i
image of an object by a converging lens. Mark the positions ong, F anil )2F in ’e:::lh {g?a)lg‘:::r? .
i el Bt [CBSE (Al) 2017)

(b) Virtual image

[5 marks]

Q.1.

(@) Define the following terms in the context of spherical mirrors :
(i) Pole

(iZi) Radius of curvature

(ii) Centre of curvature
(iv)- Principal axis
(b) Draw ray diagrams t Thick )
" —— y diagrams to show the principal focus of (i) a concave mirror, and (ii) a convex
() EIlrl the fo}]llowing dia?;ram, MM is a concave mirror and AB is an object. Draw on your
nswer-sheet a ray diagram to show the formation of image of this object.
[CBSE (F) 2017)




(b) ()ut Of tlle tllree mirrors ldel t fy [)
1t the miry W wou l e ] | to
/ or ]llCh l( b rele led be llsed fOl

) |
C T : (c) 23; rt:e mirror B draw ray diagram for Image formation for object distances 10 em and
g N 3 [CBSE (F) 2016
: - Ans. Given, f, =10 cm: So=15cm;f, = 20 cm " |
uy =10 cm; Uy = 20 cm; ug = 30 cm
(@) m = -1 means u = 9f. For A it wi : or B it wi
4 B bj; u(:;d flo m;l be. th/dllCl[( for B it will be u,.
| | ‘ ) > us I shaving/makeup purposes becau: istance s
Ans. (a) (i) Pole: It is the centre of the reflecting surface of the spherical mirror. : jemsihianfocal gt hrewot magnihed inrag};. rﬁhe face i:a;;e];l‘lﬁldfzdj:wt Sh?}dd «
() ‘Gentre of coxvature: s the centre of the sphere of whichymirror fores & pat. more than 10 cm from the mirror. y Kept at a distance
() When u = 10 ¢m

(iii) Radius of curvature: It is the radius of the sphere of which mirror forms a part.
(iv) Principal axis: It is an imaginary straight line passing through the pole and the centre

of curvature of the mirror.
(b) (7)) Refer to diagram (a), Page-234
(i) Refer to diagram (a), Page-235
(c) Refer to diagram (f), Page-234
Q. 2. Itis desired to obtain an erect image of an object, using concave mirror of focal length of 12 cm.
(/) What should be the range of distance of an object placed in front of the mirror?
(#6) Will the image be smaller or larger than the object. Draw ray diagram to show the formation

P

|18

of image in this case.
(iii) Where will the image of this object be, if it is placed 24 cm in front of the mirror? Draw ray When u = 20 cm
diagram for this situation also to justify your answer. Show the positions of pole, principal

focus and the centre of curvature in the above ray diagrams. [CBSE (Al) 2016]
Ans. (i) Range of distance should be 0 cm to <12 cm.

.

(11) The image will larger than the object.
A E
A 3
! :
i f
‘ ]
B’
ey
h 20cm >

Q- . (1) R hl al t g l .
4 (1) t Cl ms to ]lave ()btallled an 1ma € thCe tl]e
S1Ze Of Ob ect Wlth a concave ]ellS Is lle
correct’ Gl ve reason fOl‘ your answer.

(#) :/]\1/':3;(? sl:(:lsl:ld an quect be placed in case of a convex lens to form an image of same size as of
. Ject? Show with the help of ray diagram the position and the nature of the image formed
(#td) Wlth the help of ray diagram, illustrate the change i iti i .
oo ity . : £€ 1n position, nature and size of the

e convex lens in case of (if) is replaced by concave lens of same focal

length.
Ans. (i) No, Rohit is incorr . [CBSE Sample Paper 2016) |
) t 7 i . |
= orrect because magnified image of an object cannot be formed by a concave |

(#) The object should be placed at 9F.

—12cm——

24 cm

Q. 3. Suppose you have three concave mirrors A, B and C of focal lengths 10 cm, 15 cm and 20 cm
For each concave mirror you perform the experiment of image formation for three values of 3
object distance of 10 cm, 20 cm and 30 cm. Giving reason answer the following:

(a) For the three object distances, identify the mirror/mirrors which will form an image of

magnification - 1.

e >




(i)

me
N
m

Image obtained is virtual, erect and diminished in case of concave lens. .
(a) Draw labelled ray diagrams for each of the following cases to .show the position, nature
and size of the image formed by a convex lens when the object is placed

(i) between its optical centre (O) and principal focus (F)
(ii) between F and 2F

(b) How will the nature and size of the image formed in the above two cases, (i) and

i i f same focal length? ‘
i f the convex lens is replaced by a concave lens o . |
0 chanee? [CBSE Delhi (C) 2017)

Q. 5.

Ans. (a) (1) -

(it)

oF

i
i

Image formed is virtual, erect and diminished in both cases. N ) o
(e) To construct a ray diagram we use two rays which are so chosen that it is ealfy to l:lmfavthese

directions after reflection from the mirror. List two such rays and state the pat g. e

rays after reflection in case of concave mirrors. Use these two rays and draw ray rlag

to locate the image of an object placed between pole and focus of a concave n'urr(-) 2 3
(b) A concave mirror produces three times magnified image on a sc.:ree;n. If th(“a ;gqegtp ;Elpz 3?;]

20 cm in front of the mirror, how far is the screen from the ob_]ect.' [CBSE De -
(a) A ray of light incident parallel to the principal axis after reflection passes through t

principal focus. ‘ o .
A ray of light which passes through the centre of curvature after reflection retraces its p

back. ‘ .
Ray diagram when the object is in between the pole and the focus of the mirror.

B uw=-20cm, m =-3

Ans,

LU =—m XU f
=~(=3) (- 20 cm) = - 60 ¢ |
Distance between the object
and the screen = - 60 cm -
(- 20 cm) = - 40 cm, so, the i
distance between the object and B’

the screen is 40 cm,
Q.7. (a) If the image formed by a
mirror for all positions of
the object placed in front
of it is always diminished,
erect and virtual, state the type of the mirror and also draw a ray diagram to justify your
answer. Write one use such mirrors are put to and why.
(b) Define the radius of curvature of spherical mirrors. Find the nature and focal length of a
spherical mirror whose radius of curvature is + 24 cm, [CBSE (A1) 2017]
Ans. (a) Itis Convex or diverging mirror.
Convex mirror is used as a rear view mirror
As it always give erect and diminished image and Large field of view.
(b) The radius of the sphere of which the mirror forms a part or the distance between pole and
center of curvature of a mirror.
Nature of the mirror is convex or diverging mirror
Radius of curvature, R = 2f = 24 cm
S f=+12cm

A

Some Important Numericals
CONCAVE MIRROR

Q. 1. The image of a candle flame placed at a distance of 30 cm from a mirror is formed on a screen
placed in front of the mirror at a distance of 60 cm from its pole. What is the nature of the
mirror? Find its focal length. If the height of the flame is 2.4 cm, find the height of its image.
State whether the image formed is erect or inverted.

Ans. The mirror is concave hi=+24cmu=-30cmv = -60 cnf=7?
1_1.1_ 1 1
f v w -60cm  —30cm
S f=-20cm
)
" hy u
U - 60 cm
Sohy = - hy X —— -2.4 cm Xm =-4.8cm

—ve sign of iy (image size) indicates that the image is inverted




Q. 2. Find the size, nature and position of image formed when an object of size 1 cm is placed at a
distance of 15 cm from a concave mirror of focal length 10 cm.

Ans. Object distance, u = — 15 cm
Focal length, /= — 10 cm
Object size, h = 1 cm
Image distance, v = ?
Image size, h' = ?

(1) Position of image

From mirror formula,

1 1 1
We have, = 7_;
Putting values, we get L. 1 L =8 L
’ v =10 -15 30 30
=-30cm

The image is formed at a distance 30 cm on the side of the object. Negative sign indicates
that object and image are on the same side.

(ii) Nature of image: The image is in front of the mirror, its nature is real and inverted.

' v
(iii) Size of image: From the expression for magnification, m = T
, U
We have Vo=~ hx ;
. , -30
Putting values, we get ho=-1 T -2
Image size, B =-92cm

The image formed has size 2 cm and negative sign means inverted and real.
The image of an object formed by a mirror is real, inverted and is of magnification —1. If the
image is at a distance of 40 cm from the mirror, where is the object placed? Where would the
image be if the object is moved 20 cm towards the mirror? State reason and also draw ray
diagram for the new position of the object to justify your answer. [CBSE (A1) 2016]
Ans. Object position: At C ( Centre of curvature)
Object distance = 40 cm

Position of the image: at infinity because the
focal length of the mirror is 20 cm.

If the object is moved 20 cm towards the
mirror then its new position would be at the o4
focus of the mirror. '
An object 2 cm high is placed at a distance of
16 cm from a concave mirror which produces a real image 3 cm high.

Q. 4.

() Find the position of the image.
(1) What is the focal length of mirror?

Ans. Object height, 2 = + 2 cm
Image height, /' = — 3 cm (real image hence inverted)
Object distance, u = — 16 cm

Image distance, v = ?

iy >

4

Focal length, f =?
(i) Position of image

From the expression for magnification

n U
m = T = ot
We have, V= —u£
h
Putting values, we get U= —(-16) x —_2—3
U= -24¢cm

‘The image is formed at distance of 24 cm in front
and image are on the same side).

(i7) Focal length of mirror

of the mirror (negative sign means object

Using mirror formula, 2. = —+ 1
f u v
Putting values, we get = .y + i = s O L
f =16 * ~2457:7:48 T T48
] 48
o1 = % =-96cm
Q. 5. ? coml:lave mirror of focal length 10 cm is placed at a distance of 35 cm from a wall. How far
rom the wall an object be placed so that its image formed by the mirror falls on the wall?
- Ans. Here, f=-10cm; v=-385cm (since the im ‘

age is formed on the wall and distance be
: s . 4 tween the
wall and mirror is 35 cm). Image is beyond 2f so object has to be in between F and C

Let the distance of the object from the wall be x.

= —(35-x)
o1
v f
1 1 1
—(35-% 235~ 1o
o 1
° 3B_xT35 10 O 351-x:%“%
. 1 _7-2 ! 5
35-x 70 = 3B-x-70 < i =
= 3b-x=14
x=21cm

Therefore, the distance of the object from the wall = 21 em.

Q. 6.

i‘\ 2.(t)hc11notall object i.s placed perpendicular to the principal axis of a concave mirror of focal
er:lg ; cm, The distance of the object from the mirror is 15 cm. Find the nature, position
and size of the image formed. Represent the situation with the help of a ray diagram.

Ans. Given, J=-10cm;
u =-15cm;
h=+2.0cm;

Using the mirror formula,
i 1 1
7

v 12




Ans.

1 11

v 15710
X =~ 30.0 cm
The image is formed at a distance of 30 cm in front of the mirror.
— . h U
Magnification, m= =
U -30

h = iax; = _QXE

h' = -4cm
Hence, the size of image is 4 cm. —ve sign shows that image is inverted & real. Thus, image
formed is real, inverted and enlarged.
A student has focused the image of a candle flame on a white screen using a concave mirror,
The situation is as given below:
Length of the flame = 1.5 cm
Focal length of the mirror = 12 cm
Distance of flame from the mirror = 18 cm
If the flame is perpendicular to the principal axis of the mirror, then calculate the following:
(a) Distance of the image from the mirror
(b) Length of the image
If the distance between the mirror and the flame is reduced to 10 cm, then what would be observed
on the screen? Draw ray diagram to justify your answer for this situation. [CBSE (F) 2015]
Given: height of object, h = +1.5 cm; focal length, / = — 12 cm; object distance, u = — 18 cmy
image distance, v = ?; height of image, =7z
(a) Applying mirror f(l)rmula,

b 1
f v u
1_1 1
v - f
_d 1 _—1+1_—3+2_#1
T(-12) (-18) T 12 18 36 36
v=-36cm
7 -36cm
= _— e B
by h = xh “18em X 1.5 cm

= — 3 cm (Magnified, inverted image)
If w = — 10 cm, no distinct image would be formed on the screen. In this case the image
formed will be virtual.

et

\O
n
m

——

. 8. i ject i i
Q ﬁl ii::dhlgl; ;bject. is Place.d at a distance of 32 cm from a concave mirror. The image is real
and 3 cm in size. Find the focal length of the mirror and the position where the image,

is formed?
Ans. Given:

Object height, h, =2 cm

Image height, 4, = — 3 cm
Object distance, u = — 32 cm
v h,
m=—_-= T
. __-& _ -3 cm - i
hy  2cm 'J
-v
= T =-1.5
v =—-48 cm
ao L_L,1_1 1 5
S v w48 " 32 96

f=-19.2cm.

[CBSE Sample Paper 2016]

- Focal length of concave mirror is 19.2 em and image is formed 48 cm in front of it

Q.9. An object 4 cm in height, is placed at 15 cm in
10 cm. At what distance from the mirror should a s

the object. Calculate the height of the image.

Ans. iy =+4cm  f=-10cm u=-15cm
11 1
f_zf+g
1 1 1
= = ———
] o
i: 1 1
U -10em  —15cm
S v ==30cm
B_ v
hy u
v -30cm
hy=—-— =_— =
ly uxhl TP Xcm = —8cm

CONVEX MIRROR

=2

front of a concave mirror of focal length
creen be placed to obtain a sharp image of

[CBSE Delhi 2017]

hg=?

. 10. i i i
Q ';A co-nvex mirror used for rear-view on an automobile has a radius of curvature of 3.00 m. If a
us is located at 5.00 m from this mirror, find the position, nature and size of the image.

Ans. Radius of curvature, R = + 8.00 m;
Object distance, u = - 5.00 m;
Image distance, v = ?

Height of the image, 4" = ?

R 3.00
=+—5—=1.50m

Focal length, f= 5

2

|
Since, —+ l = i
voou f




Q. 11.

Ans.

111 1 1
or v fu *1.50 " 5.00
1 1 1
=150t 500375
1 13
v 15
15 .
v =13 =+ .15 m (approximately)

The image is 1.15 m at the back of the mirror.
h' v 1.15m

Magnification, m = sk =-300m + 0.23

o : 9
The image is virtual, erect and smaller in size by a factor of 0.23.

Size of image of an object formed by a mirror having a focal length of 20 cm, is observed to be

reduced to 3

is the nature of the image and the mirror?

rd of its size. At what distance the object has been placed from the mirror? What

[NCERT Exemplar)

irror as ac irror.
An image smaller in size can be formed both by a concave mirror as well as a convex m

Case I: When mirror is concave, the image is real.

1
Hence, m = =i f=-20cm

v 1 v
As M "3 T
u
= u=g
1 1 1
Using, Pl T
3 1 1
or w w20
4 1
or w20
- u =-80cm
w -80
Now, LA T

Image is real and inverted.

Case II: When mirror is convex

1
m= rg-,f=+20cm

U 1
As m=-y T3
u
= vy
1 1 1
Using, g'*gz‘f
5,11
L Tw w20

i e o

L Q13

Ans.

Ans.

U =-40 cm
| B EIO) _ 40
anc V= - 3 T g m

Image is virtual and erect.

A truck uses a convex mirror as view finder whose radius of curvature is 2.0 m. A maruti car is
coming behind the truck at a distance of 10 m. What will be the position of the image of the car

and size of the image of the car when observed by the driver of the truck through the convex
mirror?

For convex mirror, we have given,u = -10m, R = 2.0 m
g R ~ 20m -
0, f—2ﬁ - Om
Usi 1 irror formul 1+1‘l
sing the mirror formula, " o 7
- I 1 I_1+]¥11 10
© get v fTw 10710 10°0Y =17 =09m
Thus, the car would appear at 0.9 m from the convex mirror. We know that
-10
v o b
L TR T T

Thus, size of the image of the car will be a fraction of I the actual size of the car through the
convex mirror,

REFRACTIVE INDEX

If the angle of incidence (i) for a light ray in air be 45° and the angle of refraction (#) in glass

be 30°, find refractive index of glass with respect to air.
Refractive index of el _sin45° ] _ /5
efractive index of glass, WS e = /2 X2=42

Refractive index of water with respect to air is 1.33. What is the value of refractive index of air

with respect to water?

i, =1.33 ‘
1

Here,

We know

vy, = =0.75

1
by E‘TS-
The absolute refractive indices of glass and water are 3/2 and 4/3 respectively. If the speed of light in
[CBSE (Al) 2015, 2016]

glass is 2 X 10® m/s, calculate the speed of light in (i) vacuum, (ii) water.

Refractive index of glass, ", = =

2

_ Speed of light in vaccum

9 Speed of light in glass
3 Speed of light in vaccum

2 2x10°
. S §x2x10° .
Speed of light in vacuum = T =3x10"m/s
4
Refractive index of water, ., = T
_ Speed of light in vacuum
o = Speed of light in water




3x10°
3 Speed of light in water

[§ g aler = 0 Hl/S
Sl) .ed Uf]lgllt 1n water 2.25 pd I
. . . O] . . I F . s !
! !_ lﬁ_ Refractl‘re lndex Of water “rlth respect to air 1s 4/’3 and glaSS 18 3}"2. “’ hat 15 t ere active 1n €x

of glass with respect to water?
When there are three media air, water and glass,

We have

Ans.

a ‘x‘il} Xg :I
Mgy 25 g 27 fhg . o, 39 ) g

allwxgp'a B ap“’ - 4/3 8

L‘)Mg =

Refractive index of glass with respect to water is 9/8. i -

ive indi i ct to air are 1.33 and 1.50 resp - B
Q. 17. Refractive indices of water and benzene W.lth respet Lo i«
Calculate the refractive index of benzene with respect to ;

Ans. For air, water and benzene,
tphy X wnu'}j X B#‘u = _:
| " 1.50 7
= e =——==1.18.
g = e X g 1.3 1 :

; b i 1
Q. 18. Refractive index of diamond with respect to glass is 1.6 and absolute refractive index of glass _
o is 1.5, Find out the absolute refractive index of diamond. L

Ans. For air, glass and diamond,
”u'y * gfu‘D x Du’u =1
1
Pu, = e
(Ip_gx p‘D
= e 1.6=24.
= Ypp="p,xup=15x%1. ' ol
Q. 19. The absolute refractive indices of two media ‘A’ and ‘B’ are 2.0 a'nd l..5.respect1vely. If the
o speed of light in medium ‘B’ is 2 x10° m/s, calculate the speed of light in: ‘ ‘ i
?‘) uum (#1) medium ‘A’ [CBSE Delhi 2015]
i) vac
i i i =2 x 10® m/s
Ans. n, = 2.0; ny = 1.5; speed of light in medium B, v;=2 L‘
c
(@) "e=
¢ = ngog
=15 %2 x 10°m/s = 3 x 10° m/s
¢
(22) Ny = ?);
¢ 8
) :L:M =15 x 10 m/s
e myg 2
CONVEX LENS

s ol
Q.20. An object is placed perpendicular to the principal axis of a convex lens of focal length 8 ¢

i i iti d nature of the image
i bject from the lens is 12 cm. Find the position and
The distance of the objec vy e

Ans. f=+8cm,

w=-—12cm,

268

Q.21.

Ans.

Q. 22.

Ans.

- Q.23

Ans,

1 1_1
vou o f
11 _1
v (-12) 8
v =+ 24 cm

The image is real and inverted.

The image of a candle flame formed by a lens is obtained on a screen placed on the other side
of the lens. If the image is three times the size of the flame and the distance between lens and
image is 80 cm, at what distance should the candle be placed from the lens? What is the nature
of the image at a distance of 80 cm from the lens? [NCERT Exemplar)

Here, v = 80 cm; m=3
: L - 80
Using, m = -— = 9 =
u u
80
= w = - 3 cm

Image is real and inverted as it is obtained on the other side of the lens. Thus, the lens is convex.

An object 3 cm high is placed 20 cm from convex lens of focal length 12 cm. Find the nature,
position and height of the image.

Since lens is convex, therefore /is positive.
Given: u = -90 cm, f=+12cm, h = 8 cm,v =7 f =7?
Using lens formula

11 1

PR

1 1 1

We have 27290 T 19

1 1 1 1 I 1
T R W R’ P §"mm

1 5-3 ]
= ;:WZ% = ©v=30cm

Since ‘v’ is positive, the image is located on the other side of the lens,

v +30
m== o0 = -1.5
Since i is negative and greater than 1, the image is real, inverted and larger than the object.
I I
= = -1.5 = X L
or b =-45cm

Thus the image is 30 cm from the convex lens, located on the other side of the lens. It is real,
inverted and 4.5 cm high. ‘

An object 1 m tall is placed on the principal
axis of a convex lens and its 40 cm tall image is
formed on the screen placed at a distance of 70
cm from the object. What is the focal length of
the lens?

|— X >

1,.,;‘

Since, the image is formed on the screen, so
the image is real and inverted,

Given: h = 100 cm; b= - 40 cm;

ry




Q. 24.

Ans.

Q. 25.

Let the object be kept at a distance x [rom the lens.
v=+(T70-x);f =7

h v
Now TS B
h u
-40 (70 - x)
+100 -x
or 40x="7000-100x
ie., x =50 cm
. u=-x=->50cm
and v="70-x=70-50=20cm

Substituting the values of  and v in the lens formula,
11 1

v ou  f
1 1 ﬁI
We have, PQFOfg"—g(T_f

i 100
f= +T = +14.3 cm

Therefore, focal length of the lens = 14.3 cm

A5 cm tall object is placed on the principal axis of a convex lens of focal length 50 cm at a
distance of 40 cm from it. Find the nature, position and size of the image.

Here, u =40 cm; f= + 50 cm; h =5 cmy v = 2; I =?

Using lens formula,
U 1

I

A
”

H
1 1 | ‘
— +
” B

-

u

N Fr B |
j«—50 cm—>
|40 cm

uf
Cutf
(-40)x (+50) -2000

T Z40+50 10
Here the negative sign indicates that the image is formed on the same side of the lens as the

object. Therefore, the image is virtual.

Kv o =200
“h T uw T -40

= -200cm

/%
Now, m =+ 501‘-’;-=+ 5

KM =+5xh=+5x5=+4+25cm
The positive sign of 2’ shows that the image is erect. Thus in this case, the image is erect, virtual,
25 cm tall, and it is formed at a distance of 200 cm on the same side of the lens as the objects.

A student focussed the image of a candle flame on a white screen using a convex lens. He
noted down the position of the candle, screen and the lens as under

Position of candle = 12.0 cm

Position of convex lens = 50.0 cm

Position of the screen = 88.0 cm

(i) What is the focal length of the convex lens?
(i7) Where will the image be formed if he shifts the candle towards the lens at a position of

31.0 cm?

T —

—_—

Ans.

(iv) Draw a ray diagram to show the

() Here, u = Distance of candle from the lens
=(50-12)cm = 38 cm
According to sign convention, # = - 3§ ¢
Now, v = Distance of screen from the lens

= (88~-50)cm = 38 cm
As per sign convention,

U=+ 38 cm
Using the lens formula, l_L = =
vouw o f
LY 3 1 1
38 38 fF
: 38
o1 f= o =19cm

(i) If the student shifts the candle towards
u=(50-31)=19cm. Thus, candle lies a

the lens at a position of 31.0 ¢
t the focus. Hence, image will be

D

iii) Wi i i
(ii7) What will be the nature of the image formed if he further shifts the candle towards the leng?

formation of the image in case (iii) as said above,

[NCERT Exemplar)

m, object distance

(i) If the candle is further shifted towards the lens, the candle
Thus a virtual, erect and magnifi

and focus of the lens.
as the object.

formed at infinity,

lies between the optical centre
ed image is formed on the same side

(iv)
A
f 1 T
| TRIzeso
1 i T >V
j T AT S
| - \\\*\\ o
B' B iTe)
Image Object E | {

I
1
':Screen
|
2F $2E
Object {Image
i I 1
v f
1 1 1 L1
827-32 " 7 * 3Ty
or f=16cm
Magnification, ;i -
)

074 e —




Q. 27.

Ans.

Q. 28.

Ans.

v
= h = —xh
u
32
W=

=39 X2 = -2¢cm

Thus, image is4inverted and of the same size as object.
A real image, 5 size of the object is formed 18 cm from a lens. Calculate the focal length of the

lens.
Since the image is real and diminished, the lens must be convex and the object must be placed
beyond 2F.
Given: v = + 18 cm
o 4 h . .
3 e [m = 7 1s negative for real image]
h v
We have, m = T = —
o w
v -4
w5 = 4u = - b
and 4y = -5 X 18 cm u=-225cm
Also focal length is given by
1 11
F o oam
1 11 . 19
T187-225 18 225 90
f=10cm

Analyse the following observation table showing variation of image distance (v) with object

distance (u) in case of a convex lens and answer the questions that follow, without doing any
calculations:
S. 'No. ijeét distance u (cm) a7 Image distance v (cm) ;
E N ko0 3
5 AT 490 B
(@) What is the focal length of the convex lens ? Give reason in support of your answer.

(b) Write the serial number of that observation which is not correct. How did you arrive at this

conclusion?

(c) Take an appropriate scale to draw ray diagram for the observation at S. No. 4 and find the

approximate value of magnification. [CBSE Delhi 2017

(@) f=15cm
Object at S. No. (3) indicates u = -30 cm, v =+30 cm
Thus, object is at 2F (2f = 30 cm)
f=1bcm
(b) Observation at S. No. (6) is not correct
The value, u a=-10 cm, indicates that the object is in between the optical centre and the
focus (i.e., less than the focal length) of the lens and hence the image should be on the sam¢
side as the object. Thus, the image distance cannot be positive.

() u=-20cm;v=+4+62cm; = +15cm

P>
€ <
20cm [

Q. 29. :‘ll:tciecreﬁailz:ggaotglr:;i 2: il;r;:;ge formhed b'y a lens is —1. If the distance of the image from the
s T e ial (;m, where is the obj_ect placed ? Find the nature and focal length
o o j . s disp aced' 15 cm towards the optical centre of the lens, where would
€ image be formed ? Draw a ray diagram to justify your answer. [CBSE (F) 201 7]
m = — 1, means that the image is real, inverted and of the same size as the ob 'cc-t. -
Object distance =image distance= 2f =95 cm !

Ans.

f= = 12.5
o =125cm
Nature of the lens is convex or converging.

O distlac ; ; .
displacing the object distance by 15 em towards the lens, the object distance becomes 10 cm

V\’]lich iS ]eSS [Ilall the ﬁ')CHI ] (S A 1 >
e erlg[ll. Il‘ﬂa f()l'l‘ﬂed n i ir < i
: k' . g OW 1S VIIt lal alld on [he same Sl(l(_, ()f]CI]S ds

Ray diagram

CONCAVE LENS

Q. 30. }:ln object lfept at a distance of 60 cm from a lens gives a virtual image at a distance of 20 cm over
the same side of the lens. What is the focal length of the lens? Is the lens converging or diverging?

Ans. Here,u = - 60 cm, v =-20cm
From lens formula,

il 1 1
v u f
1 1 _ 1
-207-60 [
] 13

I R N R

J 60 20 60 60’

-60
= f= T =-350 cm

"The focal length of the lens is 30 cm. The —ve sign shows that the lens is diverging.

(13
4;\ co:;\fex lens can form a magnified erect as well as magnified inverted image of an object
it ?? . . . .
P ace in front of it.” Draw ray diagram to justify this statement stating the position of the
object with respect to the lens in each case.

An object of height 4 cm is placed at a distance of 20 cm from a concave lens of focal length 10
cm. Use lens formula to determine the position of the image formed. [CBSE Delhi 2015)

B For magnified erect image: j i pti an
g ge: Object is between the optical centre 'inci f:
] ns. d. pllllClpal fOCUS ol a

Ang,

2730




Q. 32. At what distance from a concave lens of focal length 20 cm a 6 cm tall object be placed so as to

Ans.

m Object dis[anlce, m I= —120 cm, focal length, f = -10 cm, image distance, v = ?
F v u
1 i1 1 1 1
TR A e S U =)
| ey s
v 10 20 20 20
20
W= = 6.67 cm

The image is formed at a distance of 6.67 cm on the same side as that of the object.

obtain its image at 15 cm from the lens? Also calculate the size of the image formed.
Draw a ray diagram to justify your answer for the above situation and label it.
Given, f=-20cm; iy =6 cm; v = -15 cm;u = ?

I f I 1 I 1
.ens formula: —=———
!

vou
uf —15em X ~-20cm
= u_fhv ~ —20cm—(-15cm)
= - 60 cm object at 60 cm from the lens
7 —15cm o
hy=—Xh =—F~——x6cm=+15cm diminished erect
u —60 cm
M
‘=.i.
A . '72
A ’,”’°?‘§;.
3 (A
< :”’ i !
2F, B F B’ 10
“Tsom 71|
¢ -’”4‘,’
20 cm
4

I

POWER OF A LENS

Q. 33. A convex lens has a focal length of 10 cm. What is its power?
Ans.

Here, 2 is given in ‘cm’
the focal length of the lens is gtvenin ‘cm’. We should first convert the focal length into ‘m’

10
Now, 10 cm = l—Oﬁm =0.1m

So, focal length, f = 0.1 m (A convex lens has positive focal length)

Now, = —11‘
J (in metres)
1
We get P=— P _1><10
P =
0.1 ! 1

Thus, power P = +10 dioptre (or + 10 D).
+ A student uses a lens of focal len
. gth 50 cm and another of — 50 2 i
lens and its power used by each of them? e
Case I: When /' = 50 cm = 0.5 m
1 1
P = R o — SN B

_ f(inm) ~ 05 il

. Lens is convex.

the nature of the
[INCERT Exemplar)

Case II: When /= - 50 ey = — 0.5 m

1 1
P o
f(inm)y ~ Zop5 =20

.. Lens is concave,

Two thin lenses of focal len
gths + 10 cm and - 5 cm kept i i
o et - are kept in contact. What is the focal

Here, f, = + 10 cm, fo = — 5 cm,
~ Focal length of the combination of lenses is given by

o
.i..

1 I 1
—_— = —_— = —_—
I R T
2 11

10 = 10

o

ENE N

S =-10cm
Power of combination,
_ 1L g0
flinem) = f(incm)

po 100
_—WD =-10D,

| HOTS (Higher Order Thinking Skills)

i i-ll. Which one of the two—glass and water is optically denser and why?

Q ; Glass is denser than water because speed of light in glass is less than that of water.

] A- + Can a convergent lens in one medium become divergent in another medium?
- Anhs,

iﬁ}(]e;, a cc;nvergent_ lens_ inone medium becomes divergent in another medium when the refractive
ex of the medium is greater than the refractive index of the material of the lens.
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Ans.

©
=

Ans.

Q.5.

Ans.

©
=)

Ans.

0.7.

Ans.

0.8

Ans.

A man is going away from the plane mirror with a velocity of 3 m/s. With what velocity
is he going away from his own image in the mirror?

We know that the image formed by a plane mirror is as much behind the mirror as object is in
front. So, the speed of image will be same as object but in opposite direction. Thus, net velocity
between man and his image will be 3 - (=3) = 6 m/s.

Under what condition a convex lens when placed in a medium behaves as an ordinary
glass plate?

When the refractive index of a medium relative to lens is one, a convex lens will behave as an
ordinary glass plate.

Why does a concave mirror has a real principal focus?

In a concave mirror, all the incident rays parallel
to principal axis actually pass through the focus
F after getting reflected from the concave mirror.
Thus, concave mirror has a real principal focus.

Y

vyOeo

A concave mirror and convex lens are immersed in water. What change, if any, do you
expect in the focal length of the two?

Focal length of the concave mirror does not change because it is about half its radius of curvature
and has nothing to do with the external medium. On the other hand, the focal length of the
convex lens will increase because the refractive index of glass with respect to water is less than

refractive index of glass with respect to air.

A man is holding a lighted candle in front of a thick glass mirror and on viewing it
obliquely he noticed a number of images of the candle why?

The front surface of a thick glass mirror is both reflecting and refracting. The back surface is
silvered and acts as a mirror. Images arise due to reflection of incident light by the front surface
then by the back surface, followed by multiple reflection of light within the glass by the front

and back surfaces.
A concave mirror of focal length f produces an image n times the size of the object. What

would be the object distance for which the image is real?

Size of the image
Size of the object

We have given

In case of concave mirror, if the image is real then it must be inverted.

=0 kY
So, m=—-n=— or m=n=—
U u
From mirror formula, we get
1 N 1 1 " u i
— _——= 0 —_— =
w v f r f
1 u n+1
or l+—=—+ or u =
nof n

~ Ans,

Q.9. In the following figures, one lens is Placed inside each box. St

Complete the ray diagrams. ate the nature of the lens.

vl
N

Ans.

Inf i s .
o gure (a), the incident rays are diverged after refraction, so the lens is concave
n inci .
gure (b), the incident rays are converged after refraction, so the lens is convex

Q.10. A convex lens forms a blurred image of an object on a screen

Suggest a suitable way to

get a sharp image o . : '
S — p ge on a screen without disturbing the object,

B , i
y placing another lens of suitable nature and focal length between the object and the sc
Why does a ray of light parallel to the principal axis o

(i) bend towards the principal axis in the case of a concave mirror and

ii) goe inci is i
(ii) goes away from the principal axis in the case of a convex mirror as shown here?

A ray of light incident on any spherical mirror follows the laws
of the reflection. ‘

(i) .In ?ase of a concave mirror, the line joining the point of
incidence and the centre of curvature forms the normal

as shown. The reflected ray goes on the other side of the
normal following laws of reflection.

ii) Inth .
(@) e case of convex mirror, the normal at the point of incidence is as shown. The reflected

ra i
Yy goes on the other side of the normal. Following laws of reflection as shown. Hence, it
goes away from the principal axis. . a

g4  Light-Reflechion

—— |

\




Q. 12. The ray diagrams given below show the paths of a ray of light travelling from a medium
- M into different media 1, 2 and 3.

(a) In which of three media 1, 2 or 3 does light travel: (i) faster, (ii) slower than in

medium M? - .
(b) Arrange the media 1, 2 and 3 in descending order of (i) speed of light through them,

(ii) their refractive index. ' .
(ii) slower—in medium 1

Ans. (a) (i) faster—in medium 2 and 3 4
(b) (f)V3>V2>V101‘3>2>1 (H)l>2>3 Or!.ll>1.l2>IJ3 . . e
0.13. If x, y and z denote the object distance, image distance arfd tl.le radius o tcur\;zt;:o::
T resl;ectively of a spherical mirror, which one of the following is the correct re
2
between th;;n. e 5
(@) Z= 2———x +y _—xy
A
=2 d z=2
() Z=2 x—y po"
Ans. For a spherical mirror,
T s
Fwtn
2 1.1 s Z Y
2 Yy xy = 2 x+y
xy
o i
Hence, (a) is the correct answer. . .
0.14. You are given lenses with powers + 10D, + 5D, - 5D, - 20 D, and - 10.D. 'I(‘)z;ktl;galafzcal
. of lenses at a time, which two lenses will you select to have a combination
length when the two lenses are kept in contact in ﬁzjwh case. 20 .
(i) 20 cm (ii) - 10 cm (iii) - 20 cm (iv) 3
.
Ans. Total power, P= P, + P, and total focal length fis FYE" 5

(i) When lenses of 10D and - 5 D are taken, total power
P=P,+P, =10D-5D=5D

100
Hence, focal length = Tk 20 cm

(if) When lenses of 10 D and - 20 D are taken
P=10D-20D=-10D
100

=T =-10cm

218

Focal length =

Ans,

Q. 15.

Ans.

I

(iif) When lenses of + 5 D and — 10D

P=-5D
100
= < =-20cm
(iv) When lenses of 10 D and 5 D are taken
P=15D
_100 20
f=1=5om

A student recorded the following data for the values of object distance and corresponding
image distance while performing an experiment on real image formation by a convex
lens of power + 4 D. Two of these observations are incorrect,

Without making any calculations, identify these observations and give reason for your
choice.

Observation A B i C
Object Distance « (cm) 30 40 50

leage Distance v (cm) 20 60 50

Readings A and D are incorrect.
Reason: The focal length of the lens is 25 ¢m.

(i) In reading A, the object is kept at 30 cm from the lens, i.e., between F and 2F. The image
should be formed beyond 2F (50 cm), However, it is shown to be at 20 cm, which is incorrect.
(i) Inreading D, the object is kept beyond 2F, Le., 50 cm. The image should be formed between F
and 2F. However, it is also shown to be formed at 60 cm, i.e., beyond 2F. Hence it is incorrect,
The given ray diagram shows a ray of light PQ
striking a mirror AB. The mirror AB and CD
are at an angle of 120° with each other, The
ray PQ strikes the surface of the mirror AR at
point Q. P
(i) Draw the complete path of reflection of
the ray at mirrors AB and CD.
(ii) Calculate the sum of angles which the
reflected rays make with the surfaces
of mirrors AB and CD.

(1)

(if) The sum of the angles, made by reflected rays with mirrors AB and CD is
20° + 40° = 60°

070 . 7T TPy v m—
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Playing with an old lens one morning, Ravi discovers that if he holds the lens 10 cm away

. 17. ; . :
from a wall opposite to a window, he can see a sharp but upmde-dm:\m picture of outside
world on the wall. That evening, he covers a lighted lamp with a piece of opaque pai)l;ar
on which he has pierced, a small hole 1 mm in diameter. By placing the len.s betweesn ¢
illuminated card and the wall, he manages to produce a sharp image of diameter 5 mm
on the wall.

Answer the following questions based on the above information:
i lens?
(i) What is the power of the .
(ii) In the evening experiment, how far away from the opaque paper did he place the
lens?
ii d and the wall?
(iii) How far apart were the car o .
Ans. (i) Since the rays from far away object get focussed at the principal focus, distance between
lens and wall is equal to focal length 10 cm.
Power of the lens = + 10 D.
(it) In the evening experiment,
_ k¥ -5 —oE
m = T —~ T =Mm
m = 2 Sou = -bu
u
i = A L we get
Using, p = g
1 1 1
e e =—12cm
bu w20 — U
(iii) v=60;
Thus w+v=60+12=72 cm. . o

0. 18. If the image formed by a lens for all positions of the object placed m' front o.f itisa v:.tayf

. virtual, erect and diminished, state the type of the lens. Draw a ras.( diagram in 31-1pp0 :r
your answer. If the numerical value of focal length of such a lens is 20 cm, g;;Elt;)l;%‘;é]
in new cartesian sign conventions. [ (

Ans. It is diverging lens or concave lens.

A
2 B -

2F,

Focal length = -20 cm ( lens is concave, hence fis —ve)

1 100
REHER, f 20em ~

some Important Numericals (For Practice)

I

10.

11.

12,

13,

14.

L:

A 3 cm tall object is placed 18 cm in front of a concave mirror of focal length 12 cm. At what
distance from the mirror should a screen be placed to see a sharp image of the object on the
screen. Also calculate the height of the image formed. [CBSE Delhi 2017
[Ans. . v=-36cm hy = -6 cm)
An object is placed at a distance of 10 cm from a convex mirror of focal length 5 cm.
(1) Draw a ray diagram showing the formation of image.

(if) State two characteristics of the image formed,
(iff) Calculate the distance of the image from mirror.

[Ans. (if) virtual and erect; diminished (iif) 3.3 cm)]
An object placed 20 cm in front of a mirror is found to form an image of 15 cm (i) in front of it,
of the mirror and the kind of mirror in each case,

(i) Draw aray diagram for the formation
(if) Calculate the image distance.
(iif) State two characteristics of the image formed.

of image.

2, what is the size of the image? [Ans. 2 cm]
An arrow 2.5 em high is placed at a distance of 25 cm from a diverging mirror of focal length
20 cm. Find the nature, position and size of the image formed.
[Ans. v =11.1 cm; virtual and erect; 1.1 cm tall]

A converging mirror forms a real image of height 4 cm of an object of height 1 cm placed 20 cm
away from the mirror. Calculate

(i) image distance, (i) focal length of the mirror. [Ans. (i) - 80 cm (i) = 16 cm]
The speed of light in water is 2.25 x 10® m/s. If the speed of light in vacuum be 3 x 108 mys,
calculate the refractive index of water, [Ans. 1.33]
The refractive index of water with respect to air is 4/3. What is the refractive index of air with
respect to water? [Ans. 3/4]
In an experiment with g rectangular glass slab, a student observed that a ray of light incident at
an angle of 60° with the normal on one face of the slab, after refraction, strikes the opposite face
of the slab before emerging out in air making an angle of 42° with the normal. Draw a labelled
ray diagram to show the path of this ray. What value would you assign to the angle of refraction
and angle of emergence? [Ans. Angle of refraction = 42°, Angle of emergence = 60°]
Three beams of light 1,2 and 3 of the same wavelength are sent through three different materials
of refractive indices 1.60, 1.50 and 1.55., Arrange the speed of these beams in different materials
in ascending order. [Ans. v\ < vy < 1,]
The refractive index of glass with respect to airis 1.65 and that of water w.r.t air is 1.33. Calculate
the refractive index of water with respect to glass. [Ans. 0.80]
A convex lens has a focal length of 10 cm. At what distance from the lens should the object be
placed so that it forms a real and inverted image 20 cm away from the lens? What could be the
size of the image formed if the object is 2 cm high? With the help of a ray diagram, show the
formation of the image by the lens in this case. [Ans. u=-20cm; i’ = -2 cm]

I R D |




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

The image of a candle flame placed at a distance of 30 ¢cm from a spherical lens is formed on a
screen placed on the other side of the lens at a distance of 60 cm from the optical centre of the
lens. Identify the type of lens and calculate its focal length. If the height of the flame is 3 cm,
find the height of its image.

[Ans. Convex lens, f=+20cm, &' =-6 cm]
An object of height 5 cm is placed perpendicular to the principal axis of a concave lens of focal
length 10 cm. If the distance of the object from the optical centre of the lens is 20 cm, determine
the position, nature and size of the image formed using the lens formula. [CBSE (Al) 2015]

[CBSE Delhi 2015]

20
[Ans. The image is virtual and erect, v = -5 om, and /' = 1.6 cm]

The image of an object formed by a lens is of magnification —1. If the distance between the
object and its image is 60 cm, what is the focal length of the lens? If the object is moved 20 cm
towards the lens, where would the image be formed? State reason and also draw a ray diagram
in support of your answer. [CBSE (Al) 2016]
A concave lens has focal length of 15 cm. At what distance should the object from the lens be

placed so that it forms an image at 10 cm from the lens? Also, find the magnification of the

lens. [Ans. u=-30cm, +1/3]

At what distance should an object be placed from a convex lens of focal length 18 cm to obtain
an image at 24 cm from it on the other side. What will be the magnification produced in this
case? [Ans. m = -1/3]
A 2 cm high candle flame is placed at a distance of 80 cm from a white screen. On placing a
convex lens exactly at the mid point of the candle and the screen, a distant image of the flame
is seen on the screen. What is the focal length of the lens and the size of the candle flame image
formed? Draw a ray diagram to show the formation of the image in this case.
[Ans. f=-20cm, &' =-2cm]
One half of a convex lens of focal length 10 cm is covered with a black paper. Can such a lens
produce an image of a complete object placed at a distance of 30 cm from the lens? Draw a ray
diagram to justify your answer.
A 4 cm tall object is placed perpendicular to the principal axis of a convex lens of focal length
20 cm. The distance of the object from the lens is 15 cm. Find the nature, position and size of the
[CBSE (AI) 2015]
[Ans. The image is virtual, erect and magnified, size of the image is 16 cm/]

The power of a lens is +4 D. What kind of lens is it and what is its focal length?
[Ans. Convex lens; 25 cm]

image.

A lens has focal length of 10 cm. What is the power of the lens and what is its nature?
[Ans. 10 D; convex lens)

The power of a lens is — 2 D. What is its focal length? [Ans. - 50 cm]

Focal length of the lens in a photographic camera is 5 centimetres. What is the power of the

lens? [Ans. + 20 D]

Two lenses of power 3D and —5D are placed in contact to form a composite lens. An object I8
placed at a distance 50 cm from this composite lens, find the position of the image.
[Ans.v =-25 cm)]

Very Short Answer Questions

R e e

__ Proficiency Exercise

_ fimarg

1. Name the type of mirror used as shaving mirror.
2. What does the negative sign i i i
j g ign in the value of magnification produced by a mirror indicates about an
3. Ifyouwant to see an enlarged i i
ged image of your face, will You use a concave mirror i
. 0 ’ 0 .
4. In which of the following media: glass, water and diamond eemion
(a) light travels slowest,
(b) light travels fastest.
5. Given below are refractive indices of a few material media
Rock salt 1.54 Ice ' 1.31
Dense flint glass 1.65 Crown glass 1-52
] Arrange the media in the ascending order of optical density. ‘
. Anobject of 1 cm in length is pl i .
st gthis placed at a distance of 2f from a convex lens. What is the size of the
7. If the image formed by a lens is always diminished and erect, what is the nature of the lens?
8. A concave lens has a focal length of 50 cm. Calculate its power. [Ans. P %
9. State two laws of reflection of light. [CBSE D HS? (C; 2_031;]
elni
Short Answer Questions—I [2 mark ]]
marks

10.
11.

12.
13,

14,
15,

16.

The magnification produced by a plane mirror is + 1. What does this mean?
Redraw the diagram given below in your answer book and complete the path of ray.

fro.

R

[
i

e
| =

&

C

S =HE
-
L
M

N
T
=
I____-.I____.—b
| i ) i T~
m
e
r
m

Dr i i i
aw a ray diagram to show why a stick half Immersed in water appears to be bent at the surface
Name the spherical mirror used as: .

(@) rear view mirror in vehicles
What are laws of refraction of light?

(b) reflector in search-light,

An ob]ect. is placed at a distance of 15 cm from a convex lens of focal length 20 cm. Lj

characteristics (nature, position, etc.) of the image formed by the lens. [CBS?-(A;)SZ(%;I

lljledxlr(atv}: the fo]]ow'mg. diagram on your answer-sheet and show the path of the reflected ray AIS(J)
ark the angle of incidence (~ i) and the angle of reflection (£ r) on the diagram. [CBSE (F) 501 7]
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Shnrt Answer Questions-II

[3 marks]

17.

18.

19.

20.

21.

22.

23.

24.

25.

Long Answer Questions

(i) State the relation between object distance, image distance and focal lIength of a spherical

mirror,
(if) Draw a ray diagram to show the image formed when an object is placed between pole and

focus of the concave mirror.

A child is standing in front of a magic mirror. She finds the image of her head bigger, the middle
portion of her body of the same size and that of the leg smaller. Write the order of combinations
for the magic mirror from the top.

The image of an object formed by a lens is real, inverted and of the same size as the object. If the
image is at a distance of 40 cm from the lens, what is the nature and power of the lens? Draw ray
diagram to justify your answer.
[Ans. P =5 dioptre]

The image formed by a spherical mirror is real, inverted and is of magnification 2. If the image
is at a distance of 30 cm from the mirror, where is the object placed? Find the focal length of the

mirror. List two characteristics of the image formed if the object is moved 10 cm towards the
[Ans.u=-15cm, f=-10cm)]

mirror,
The refractive index of a medium X’ with respect to medium ‘Y’ is 3 and the refractive index of

[CBSE (F) 2015)

4 N
medium Y’ with respect to medium ‘Z’ is 3 - Find the refractive index of medium ‘Z’ with respect

to medium X"

() Which property of concave mirror is utilised for using them as shaving mirrors?

(if) Light passes through a rectangular glass slab and through a triangular glass prism. Using
proper ray diagram, explain in what way does the direction of the two emergent beams differs
with respect to the incident beam of light.

(iit) A concave lens has a focal length of 50 cm Calculate its power. [Ans. P = - 2D]

A 10 mm long awl pin is placed vertically in front of a concave mirror. A 5 mm long image of the
awl pin is formed at 30 cm in front of the mirror. Calculate the focal length of this mirror.
[Ans. f=-20cm]
The magnification of an image formed by a lens is — 1. If the distance of the image from the optical
centre of the lens is 35 cm, where is the object placed ? What is the nature and focal length of the
lens ? If the object is displaced 20 cm towards the optical centre of the lens, where would the image
be formed and what will be its nature ? Draw a ray diagram to justify your answer.[CBSE (F) 2017]
[Ans.u=35cm=v; f=17.5cm]|

An object is placed perpendicular to the principal axis of a convex lens of focal length 18 cm. The
distance of the object from the lens is 27 cm. Find the position and nature of the image formed.
[CBSE Delhi (C) 2017]

[Ans. v =54 cm, real and inverted]

[5 marks]

26. Draw the ray diagram to show the formation of image by a concave mirror of focal length 15 cm for

the following positions of object. (diagrams may not be drawn to the scale).
Indicate the nature and relative size of image.

(a) object is placed at 30 cm from mirror.

(b) object is placed at 10 cm from the mirror.

97, Fi i : .
ind the position of an object which when placed in front of a concave mirror of focal length 20 cm

28.

29.

30.

31.

32.

33.

produces a virtual image twice the size of the object [Ans 10 cm]
: U ==10cm

dah T ;
dist(;n]ceec;ri l;mt ﬁn size is placeq 20 cm in front of a concavye mirror of focal length 10 ¢m. Find the
o ~1 the mirror at which a screen should be Placed in order to obtain shar im Wh
will be the size and nature of the image formed? [Ans.v=-20 cnIl] / ’age-Z 5]t
y Vs y = —4cCm

When an object is p] i
W j blaced at a distance of 60 cm from a convex mirror the magnification produced

Is 5. Where should the object be placed to get a magnification of o [Ans. u=-120 cm|
3 T

! _ [Ans.u=-60cm, i'=1,

ij?; ;Nhat dzlstance shm.ﬂd an ob}eFt be placed from a convex lens of focal length 18 cm to obtif ik
geat 36 cm from it? What will be the magnification produced in this cage? e

[Ans. u= - 36 cm,m=-1cm
gg‘?v ilra(\)rs :;vshh;:él;es %ﬁtpd B of focal lengths +Ip cmand-10cem respectively. State the nature an;
ek s. Which of the two Ie'nses will form a virtual and magnified image of an object
cm rc.>m the lens? Draw a ray diagram to justify your answer. |CBSE (A 2011
Draw the ray diagram in each case to show the position and nature of the image formed when tffl

j . (‘)
3
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