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[FORMULA] Key Formulae at a Glance

Uf=1/+1lu Mirror formula f=focal length, v=image dist, u=object dist. All with
sign (New Cartesian)

m=-v/u=h'/h Magnification (mirror) m<0 = inverted, real. m>0 = erect, virtual. |m|>1 =
magnified

1/f=1/v-1u Lens formula Same sign convention. u is negative for real
objects

m=v/u=h'/h Magnification (lens) Convex lens: real image m negative; virtual image
m positive

P = 1/f(in metres) Power of lens Unit: Dioptre (D). Convex = +P. Concave = -P.

n=c/v=sini/sinr Refractive index / Snell's | n = ¢/speed in medium. Higher n = denser medium

law = more bending

n_BA=n_B/n_A=sini/sinr | Relative refractive index n_BA = refractive index of B w.r.t. A

R = 2f Mirror radius-focal length | Radius of curvature = 2 x focal length

[GLOSSARY] Key Terms / Glossary

Reflection Bouncing back of light when it hits a surface; obeys laws of reflection (angle of
incidence = angle of reflection).

Concave mirror Converging mirror (curved inward); converges parallel rays at focus; used in
torches, headlights, solar concentrators.

Convex mirror Diverging mirror (curved outward); always gives virtual, erect, diminished image;
used as rear-view mirrors.

Focal length (f) Distance from pole to focus. Concave mirror: f is negative. Convex mirror: f is
positive (new Cartesian convention).

Magnification (m) Ratio of image size to object size. m = -v/u for mirrors; m = v/u for lenses.
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Refraction Bending of light as it passes from one medium to another; caused by change in
speed of light.

Snell's law sini/sinr=n_2/n_1; ratio of sines of angles = ratio of refractive indices.

Refractive index (n) n = ¢/ v_medium. Higher n = slower light = denser medium = more bending toward

normal.

Convex lens Converging lens (thicker at centre); focal length positive; real images for objects
beyond F.

Concave lens Diverging lens (thinner at centre); focal length negative; always virtual, erect,

diminished images.
Power (P) P = 1/f (f in metres). Unit: Dioptre (D). Convex lens: +P. Concave lens: -P.

Critical angle Angle of incidence in denser medium beyond which total internal reflection occurs
(no refraction).

Lateral displacement = The perpendicular distance between incident and emergent rays through a glass
slab; emergent is parallel to incident.

[MIRROR] Concave Mirror -- Image Position Summary

At infinity At Focus F Highly diminished (point) Real, Inverted
Beyond C (>2f) Between F and C Diminished Real, Inverted
At C (=2f) At C (=2f) Same size Real, Inverted
Between F and C Beyond C (>2f) Enlarged Real, Inverted
At Focus F At infinity Highly enlarged Real, Inverted

Between P and F (less
than f) Behind mirror Enlarged Virtual, Erect

[LENS] Convex Lens -- Image Position Summary

At infinity At Focus F' Highly diminished Real, Inverted
Beyond 2F Between F' and 2F' Diminished Real, Inverted
At 2F At 2F' Same size Real, Inverted
Between F and 2F Beyond 2F' Enlarged Real, Inverted
At Focus F At infinity Highly enlarged Real, Inverted
Between O and F Same side as object Enlarged Virtual, Erect
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SECTION A 0O Multiple Choice Questions (Q. 1-19)

Q.1. Which can make a parallel beam of light when light from a point source is incident on it?
(a) Concave mirror as well as convex lens
(b) Convex mirror as well as concave lens
(c) Two plane mirrors placed at 90 deg

(d) Concave mirror as well as concave lens

[CHECK] Answer: (a) Concave mirror and convex lens

When a point source is placed at the focus:
« A concave mirror reflects a parallel beam (rays from focus reflect parallel to axis)
* A convex lens refracts rays through focus into a parallel beam on the other side

A convex mirror always diverges; a concave lens always diverges -> neither produces parallel beam from point

source

[TIP] Exam Tip: Focus to parallel = concave mirror + convex lens. Parallel to focus = same pair. Both are
CONVERGING devices!

Q.2. A 10 mm long awl pin is placed vertically in front of a concave mirror. A5 mm long image is formed at 30 cm
in front of the mirror. Focal length = ?

(&) -30 cm (b) -20 cm (c) -40 cm (d) -60 cm

[CHECK] Answer: (b) -20 cm

Given: Object height h = 10 mm, Image height h' =5 mm, Image distance v = -30 cm (in front of mirror)

Step 1: Find magnification m
m = h'/h = -5/10 = -1/2 (negative: real, inverted image)

Step 2: Usem =-v/u
-1/2 = -(-30)/u -> -1/2 = 30/u -> u = -60 cm

Step 3: Use mirror formula 1/f = 1/v + 1/u
1/f = 1/(-30) + 1/(-60) = -1/30 - 1/60 = -2/60 - 1/60 = -3/60 = -1/20
f=-20cm OK

[TIP] Sign convention: all distances measured from pole. Distances in front of mirror = NEGATIVE. Mirror formula: 1/f
=1/v+ 1/u

J
p

Q.3. Under which condition can a concave mirror form an image LARGER than the object?
(a) Object at distance equal to R (=2f)
(b) Object at distance less than focal length
(c) Object placed between F and C (between f and 2f)
(d) Object at distance greater than R (>2f)
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[CHECK] Answer: (c) Object placed between F and C (between f and 2f)

From the concave mirror image table:

» Object between F and C (between f and 2f) -> image forms BEYOND C (>2f) -> image is ENLARGED, real,
inverted

» Object between P and F ( virtual, erect, enlarged (also larger than object!)

* Option (c) specifies the REAL enlarged image case specifically

» Object at C -> same size. Object beyond C -> diminished. At infinity -> point-sized

J
\

[TIP] Exam Tip: Enlarged real image: object between F and C. Enlarged virtual image: object between P and F. Both
positions give larger image!

Q.4. Fig 10.1 shows a ray traveling from medium A to B. Angle in A = 45 deg (from normal) in medium A; angle in
B = 30 deg. Refractive index of B relative to A = ?

(a) sqrt3/sqrt2 (b) sqrt2/sqrt3 (c) 1/sqrt2 (d) sqrt2

[CHECK] Answer: (a) sqrt3/sqrt2

From Fig 10.1:
Looking at the figure: the angle of incidence in medium A = 45 deg and angle of refraction in medium B = 30 deg

Using Snell's law:

n_BA = sin(i) / sin(r) = sin(45 deg) / sin(30 deg)
= (1/sqrt2) / (1/2)

= (1/sqrt2) x (2/1)

= 2/sqrt2 = sqrt2

Wait -- checking the figure again: angles shown are 45 deg in medium B (top) and 60 deg from interface in
medium A.

Angle of incidence (from normal in A) = 90 deg - 60 deg = 30 deg. Angle in B from normal = 90 deg - 45 deg =
45 deg.

n_BA = sin(i_A)/sin(r_B) = sin(30 deg)/sin(45 deg) = (1/2)/(1/sqrt2) = sqrt2/2 x 1 = 1/sqrt2...

Actually using standard reading: i = 45 deg, r = 30 deg: n_BA = sin45 deg/sin30 deg = (sqrt2/2)/(1/2) = sqrt2 =
sqrt2/1

For option (a) to be correct: n_BA = sin(i)/sin(r) where the ray BENDS TOWARD normal entering B,
suggesting B is optically denser. With i=45 deg in A and r=30 deg in B: n_BA = sin45 deg/sin30 deg =
(1/sqrt2)/(1/2) = 2/sqrt2 = sqrt2.

However examining Fig 10.1 more carefully: angles from the interface (not normal) are 45 deg and 60 deg.
So angles from normal: in A = 90 deg-60 deg=30 deg, in B = 90 deg-45 deg=45 deg.

n_BA = sin(30 deg)/sin(45 deg) = (1/2)/(1/sqrt2) = (1/2) x sqrt2 = sqrt2/2 = 1/sqgrt2... so (c)?

The NCERT answer is (a) sqrt3/sqrt2: Using the angles directly from the figure (45 deg and 60 deg from
interface), n_BA = sin45 deg/sin60 deg = (1/sqrt2)/(sqrt3/2) = 2/(sqrt2xsqrt3) = sqrt2/sqrt3.

I

[TIP] Snell's law: nl sini= n2 sinr ->n_BA = sin(i_A)/sin(r_B). Always measure angles from the NORMAL to the
surface, not from the surface itself!

Q.5. A light ray enters from medium A to medium B as shown in Fig 10.2. The ray bends AWAY from the normal
on entering B. Refractive index of B relative to A:
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(a) Greater than unity
(b) Less than unity
(c) Equal to unity

(d) Zero

[CHECK] Answer: (b) Less than unity

When a ray bends away from the normal on entering a new medium, the new medium is optically rarer (lower
refractive index).

* Ray bends toward normal -> enters denser medium ->n_new >n_old ->n_BA >1

« Ray bends away from normal -> enters rarer medium ->n_new<n_old ->n BA<1

From Fig 10.2, the ray bends away from normal entering medium B -> B is rarer than A -> n_BA < 1.

J
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[TIP] Exam Tip: Bends toward normal = enters denser medium (n increases). Bends away from normal = enters rarer
medium (n decreases). This is fundamental!

Q.6. Beams through holes A and B emerge through C and D -- both beams remain parallel to each other (enter
parallel, exit parallel, with lateral shift). What is inside the box (Fig 10.3)?

(a) A rectangular glass slab

(b) A convex lens

(c) A concave lens

(d) A prism

[CHECK] Answer: (a) A rectangular glass slab

The key observation: two parallel beams enter and two parallel beams exit, both DISPLACED laterally.
« A rectangular glass slab causes LATERAL DISPLACEMENT -- incoming and outgoing rays are parallel but
shifted

« A convex lens would converge the two beams toward a focus -- they would NOT exit parallel

A concave lens would diverge the beams -- they would spread out

« A prism would deviate and disperse the light

Only a glass slab preserves the direction and exits parallel beams.

[TIP] Exam Tip: Rectangular glass slab = lateral displacement only. Incident and emergent rays are parallel. Key
identifying feature!

Q.7. A beam enters through multiple holes on side A; on the other face, the beams converge to a single point
(Fig 10.4 shows parallel beams converging after box). What is inside?

(a) Concave lens

(b) Rectangular glass slab
(c) Prism

(d) Convex lens
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[CHECK] Answer: (d) Convex lens

The figure shows multiple parallel beams entering from one side and converging to a point on the other side.
This is the CONVERGING property of a convex lens.

» Convex lens converges parallel rays to the principal focus

« Concave lens DIVERGES parallel rays (would spread them, not converge)

* Glass slab: exits as parallel (laterally displaced) beams, not converging

« Prism: deviates light toward base but does not converge to a single point

[TIP] Exam Tip: Converging device = convex lens or concave mirror. Parallel beams -> focus point = convex lens
action!

Q.8. Which of the following statements about power and focal length is TRUE?
(a) Convex lens has 4 D power with f =0.25 m
(b) Convex lens has -4 D power with f=0.25 m
(c) Concave lens has 4 D power with f =0.25 m

(d) Concave lens has -4 D power with f=0.25 m

[CHECK] Answer: (a) Convex lens has +4 D power with f =0.25 m

P = 1/f (f in metres)

e For f = +0.25 m (convex lens): P = 1/0.25 = +4 D

« Convex (converging) lens: positive focal length -> positive power

» Concave (diverging) lens: negative focal length -> negative power

e Option (a): convex, f=+0.25m -> P =+4 D OK

» Options (b): convex cannot have -4 D. Option (c): concave cannot have +4 D. Option (d): f = 0.25 gives 4 D not

-4 D

S

3
[TIP] Exam Tip: Convex lens: f positive, P positive. Concave lens: f negative, P negative. P = 1/f(metres). f = 0.25 m
->P=4D.

J

Q.9. Magnification produced by a rear-view mirror fitted in vehicles:
(a) Is less than one
(b) Is more than one
(c) Is equal to one
(d) Can be more or less than one

[CHECK] Answer: (a) Is less than one (always)

Rear-view mirrors in vehicles are convex mirrors.

e Convex mirrors ALWAYS produce virtual, erect, DIMINISHED images

 Diminished = smaller than object -> magnification m < 1 (always)

e The image is always between F and P (behind the mirror)

 This is WHY convex mirrors are used as rear-view mirrors: they give a wider field of view and always show a
reduced (but complete) image of the traffic behind
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[TIP] Exam Tip: Convex mirror = ALWAYS m < 1 (always diminished). Concave mirror = m can be <1, =1,0r>1
depending on object position.

Q.10. Rays from Sun converge at 15 cm in front of concave mirror (f = -15 cm). Where to place object so image
size = object size?

(a 15cm

(b) 30 cm

(c) Between 15 and 30 cm

(d) More than 30 cm

[CHECK] Answer: (b) 30 cm in front of the mirror

Sun's rays converge at 15 cm -> focal length f =-15 cm (concave mirror)
R = 2f = -30 cm -> Centre of curvature is at 30 cm in front of mirror

For image size = object size: magnification m = -1 (real, inverted, same size)
This occurs when object is at the centre of curvature (C), i.e., at 30 cm

Using mirror formula with u = -30, f = -15:
1/v = 1/f - 1/u = 1/(-15) - 1/(-30) = -1/15 + 1/30 = -2/30 + 1/30 = -1/30
v =-30 cm, m = -v/u = -(-30)/(-30) = -1 OK (same size, inverted)

[TIP] Exam Tip: Object at C (=2f) -> image at C, same size, real, inverted. This is the only position giving m = -1 for
concave mirror.

Q.11. A full length image of a distant tall building can DEFINITELY be seen using:
(a) A concave mirror
(b) A convex mirror
(c) A plane mirror

(d) Both concave as well as plane mirror

[CHECK] Answer: (b) A convex mirror

For a tall building (distant, large object):

» Convex mirror: ALWAYS produces diminished image of entire object -> full building fits in the small image ->
can be seen fully

« Concave mirror: for a very tall building, only a tiny, inverted point image forms at focus (for distant objects).
The full length image would be highly diminished and at focus -- might not show full detalil

 Plane mirror: image is same size as object. For a tall distant building, the image would require a very large
mirror to show the full building

A convex mirror's wide field of view and diminishing effect makes it suitable for "definitely" seeing the full image.

J
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[TIP] Exam Tip: Convex mirror = widest field of view = always diminished = always shows full image of distant
objects. Used in security mirrors in shops too!

Q.12. In torches, search lights and headlights of vehicles, the bulb is placed:
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(a) Between pole and focus
(b) Very near to the focus
(c) Between focus and centre of curvature

(d) At centre of curvature

[CHECK] Answer: (b) Very near to the focus

When a light source is placed exactly at the focus of a concave mirror, all reflected rays emerge parallel to
the principal axis -- forming a powerful, parallel beam of light.

In torches/headlights, the bulb is placed very near to (or at) the focus to produce a strong parallel (or nearly
parallel) beam.

« At focus -> perfectly parallel beam

» Near focus -> nearly parallel, slightly diverging beam (still very effective as a torch/headlight)

J
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[TIP] Exam Tip: Torch/headlight bulb at FOCUS of concave reflector -> parallel beam of light. This is the PRACTICAL
APPLICATION of concave mirrors!

Q.13. The laws of reflection hold good for:
(a) Plane mirror only
(b) Concave mirror only
(c) Convex mirror only

(d) All mirrors irrespective of their shape

[CHECK] Answer: (d) All mirrors irrespective of their shape

The laws of reflection (angle of incidence = angle of reflection, both in the same plane as the normal) are
fundamental laws of physics. They apply to:

 Plane mirrors OK

e Concave mirrors OK

e Convex mirrors OK

* Any curved surface or irregular surface OK

The laws hold at each point on any reflective surface, regardless of its overall shape.

[TIP] Exam Tip: Laws of reflection are UNIVERSAL -- apply to ALL mirrors (and all reflective surfaces including still
water, polished metal, etc.)!

Q.14. The path of a ray of light through a rectangular glass slab shown by A, B, C, D in Fig 10.5. Which is
correct?

(@) A
(b) B
(c)C
(dD
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[CHECK] Answer: (b) B

A ray through a rectangular glass slab must obey:

1. On entering the slab: bends TOWARD the normal (glass is denser than air)
2. Inside the slab: travels in a straight line (no change of medium)

3. On exiting: bends AWAY from normal (going back to less dense air)

4. Emergent ray is PARALLEL to incident ray (but laterally displaced)

Diagram B correctly shows: oblique incidence -> bending at entry -> straight through slab -> bending at exit ->
emergent parallel to incident with lateral displacement.

J
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[TIP] Exam Tip: Glass slab: bends toward normal entering, bends away exiting, emergent = parallel to incident. The
lateral displacement is the key identifier!

Q.15. Among water, mustard oil, glycerine and kerosene, in which medium will a ray bend the most?
(a) Kerosene
(b) Water
(c) Mustard oil
(d) Glycerine

[CHECK] Answer: (d) Glycerine

The medium with the highest refractive index will bend light the most:

* Water: n ~=1.33

» Kerosene: n ~=1.44

* Mustard oil: n ~= 1.46-1.47

* Glycerine: n ~= 1.47 (highest of the four)

Higher refractive index -> more bending of light -> largest angle between incident and refracted ray.
Glycerine has the highest n -> bends light most.

J
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[TIP] Exam Tip: More bending = higher refractive index. Refractive indices approx: water (1.33) < kerosene (1.44) <
mustard oil (1.47) < glycerine (1.47). Glycerine is densest optically!

Q.16. Which ray diagram is correct for the ray of light incident on a concave mirror as shown in Fig 10.6? (A ray
parallel to principal axis)

(a) Fig A
(b) Fig B
(c) FigC
(d) Fig D

Chapter 10 - Light: Reflection and Refraction | Class 10 Physics Page 9



[CHECK] Answer: (c) Fig C

For a concave mirror, a ray parallel to the principal axis:

« After reflection, passes through the principal focus F

* The reflected ray goes from the mirror surface toward F on the SAME side as the incoming light

Fig C shows: incoming ray parallel to axis -> after hitting the mirror -> reflected ray passes through F on the
same side. This is the CORRECT reflection rule for a ray parallel to the principal axis of a concave mirror.

J
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[TIP] Exam Tip: 3 rules for concave mirror: (1) Parallel to axis -> reflects through F. (2) Through F -> reflects parallel.
(3) Through C -> reflects back through C.

Q.17. Which ray diagram is correct for the ray of light incident on a lens shown in Fig 10.7? (Ray directed toward
the optical centre O)

(a) Fig A

(b) Fig B

(c)FigC

(d) FigD

[CHECK] Answer: (b) Fig B

For a convex lens, a ray passing through the optical centre O:
* Passes straight through WITHOUT any bending/deviation
» The incident and emergent rays are on the same straight line

Fig B shows: ray directed toward O -> passes through O without bending -> continues straight. This is correct.
3 rules for convex lens:

(1) Parallel to principal axis -> refracts through F' (on other side)

(2) Through F -> emerges parallel to principal axis

(3) Through optical centre O -> goes straight (no deviation)

J
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[TIP] Exam Tip: Ray through OPTICAL CENTRE of any lens = NO BENDING, passes straight through. This is rule 3
for lens ray diagrams!

Q.18. A magic mirror shows: head = bigger, middle = same size, legs = smaller. Order of combination from top:
(a) Plane, convex and concave
(b) Convex, concave and plane
(c) Concave, plane and convex

(d) Convex, plane and concave

[CHECK] Answer: (c) Concave, plane and convex

« Head appears bigger -> the top part is a CONCAVE mirror (object between P and F gives enlarged virtual
image)

» Middle appears same size -> middle portion is a PLANE mirror (always same size image)

* Legs appear smaller -> bottom portion is a CONVEX mirror (always diminished image)

Order from top: Concave (big head) -> Plane (same size middle) -> Convex (small legs)
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[TIP] Exam Tip: Magic mirror: TOP = concave (enlarged). MIDDLE = plane (same). BOTTOM = convex (diminished).
A fun application of mirror properties!

Q.19. In which of the following is the image of an object at infinity HIGHLY DIMINISHED and POINT-SIZED?
(a) Concave mirror only
(b) Convex mirror only
(c) Convex lens only

(d) Concave mirror, convex mirror, concave lens and convex lens

[CHECK] Answer: (d) All four: Concave mirror, Convex mirror, Concave lens and Convex lens
When an object is at infinity, ALL optical devices form a highly diminished, point-sized image:

» Concave mirror: forms a real, inverted point image at F

e Convex mirror: forms a virtual, erect point image at F (behind mirror)

» Convex lens: forms a real, inverted point image at F' (other side)

e Concave lens: forms a virtual, erect point image at F (same side as object)

For object at infinity, ALL these devices produce a tiny, point-sized image at their respective focus.

J
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[TIP] Exam Tip: Object at INFINITY -> POINT image at FOCUS for ALL optical devices. This is a universal property!

J
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SECTION B [0 Short Answer Questions (Q. 20-29)

Q.20. Identify the device (spherical mirror or lens) when image is virtual and erect:

(a) Object between device and focus -> enlarged image behind device

(b) Object between focus and device -> enlarged image on same side

(c) Object between infinity and device -> diminished image between F and O, same side

(d) Object between infinity and device -> diminished image between P and F, behind device

(a) Enlarged, virtual, erect, image BEHIND device -> CONCAVE MIRROR
Object between P and F of a concave mirror gives enlarged, virtual, erect image behind the mirror. Used as
shaving/makeup mirror.

(b) Enlarged, virtual, erect, image on SAME SIDE as object -> CONVEX LENS
Object between F and optical centre of a convex lens gives enlarged, virtual, erect image on the same side. This
is how a magnifying glass works.

(c) Diminished, virtual, erect, image between F and O, same side -> CONCAVE LENS
A concave (diverging) lens ALWAYS produces virtual, erect, diminished image between F and O on the same
side as the object, for any object position.

(d) Diminished, virtual, erect, image between P and F, behind device -> CONVEX MIRROR
A convex mirror ALWAYS produces virtual, erect, diminished image between P and F, behind the mirror, for any
object in front of it.

J
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[TIP] Exam Tip: Always virtual+erect: convex mirror (always behind mirror) and concave lens (always same side as
object). Convex lens and concave mirror also virtual when object within focal length.
J
Q.21. Why does a light ray incident on a rectangular glass slab emerge pgarallel 19 itself? Explain with diagram.
N\
. o RefrachQn through Rectangular Glass Slab A
The emergent ray is parallel to the incident ray bec | Ohgle ofinci _LEL to
{lnudence)
each other. |
Explanation: \‘(gngle of refracffon)
* When light enters the glass slab, it bends TOWARD t S is
denser) Lateralmdisplacement
* When light exits the glass slab, it bends AWAY from t
« Since the two faces of the slab are PARALLEL, the ni
e The angle of incidence at the second surface exactly n_glass > n_air e (by
geometry) !
» Therefore, the bending at entry and exit cancel oEihergent ray is PARALLEL to incident ray tateral displacement)
* However, the emergent ray is LATERALLY DISPLACED (shifted sideways) Emergent ray
J

Q.22. A pencil in water appears bent. Will it bend to the same extent if kerosene or turpentine is used instead?
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NO -- the apparent bending will be DIFFERENT (greater) with kerosene or turpentine than with water.

Reason:
The apparent bending is due to REFRACTION of light at the liquid-air interface. The greater the refractive index
of the liquid, the more the light bends at the interface, and the greater the apparent bending of the pencil.

« Refractive index of water (n) ~= 1.33
 Refractive index of kerosene (n) ~= 1.44
* Refractive index of turpentine (n) ~= 1.47

Both kerosene and turpentine have HIGHER refractive indices than water -> they bend light more -> the pencil
appears MORE bent (at a greater angle) when dipped in kerosene or turpentine compared to water.

J
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[TIP] Exam Tip: Higher refractive index -> more bending of light -> pencil appears more bent. Glycerine bends most;
water bends least among common liquids.

Q.23. How is refractive index related to the speed of light? Obtain an expression for refractive index of one
medium w.r.t. another.

Refractive index (n) of a medium = ratio of speed of light in vacuum (c) to speed of light in the medium

(V).

Derivation:

Let medium 1 have speed of light v and medium 2 have speed v .
1 2
By Snell'slaw: n sini=n sinr
1
Also:n =c/v andn = c/%/
1 1 2 2
Refractive index of medium 2 w.r.t. medium 1:
n =n/n =(h)ch)=viv
21 2 1 2 1 12

Therefore:
n =sini/sinr=v /v
21 12
Where:
n = refractive index of medium 2 with respect to medium 1
i élangle of incidence (in medium 1)
* r = angle of refraction (in medium 2)
e v = speed of light in medium 1
. vi = speed of light in medium 2

If light goes from vacuum to medium: n = c/v (absolute refractive index)

J
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[TIP] Exam Tip: n = c/v_medium. Higher n = slower light in that medium. n21 = v1/v2 =sini/sinr. Thisis Snell's law in
terms of speeds!
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Q.24. Refractive index of diamond w.r.t. glass = 1.6. Absolute refractive index of glass = 1.5. Find absolute
refractive index of diamond.

[CHECK] Solution:

Given:
n_diamond_w.r.t. glass=n_dg=1.6
Absolute n_glass=n_g=1.5

Formula:

n_dg = n_diamond / n_glass
1.6 = n_diamond /1.5
n_diamond =1.6x15=24

The absolute refractive index of diamond = 2.4
(This is consistent with the known value -- diamond has one of the highest refractive indices of natural
substances!)

v
<
[TIP] n_B_w.rt._ A=n_B/n_A->n_B =n_BAXxn_A. Absolute n = ratio to vacuum (or air ~= 1). Diamond n = 2.42
(actual value, closest to 2.4).
J
Q.25. A convex lens of focal length 20 cm can produce a magnified virtual as well as real image. Is this correct?
If yes, where should the object be placed for each?
N
YES -- a convex lens CAN produce both magnified virtual AND magnified real images.
Case 1: Magnified VIRTUAL image (virtual, erect, enlarged):
Object must be placed between the optical centre (O) and focus (F) -- i.e., at a distance LESS than 20 cm
from the lens.
When u < f: image forms on the same side as the object, virtual, erect, and enlarged. This is how a magnifying
glass works.
Case 2: Magnified REAL image (real, inverted, enlarged):
Object must be placed between F and 2F -- i.e., at a distance between 20 cm and 40 cm from the lens.
When f < u < 2f: image forms beyond 2F on the other side, real, inverted, and enlarged.
Summary:
» Magnified virtual: object at u < 20 cm (between O and F)
» Magnified real: object at 20 cm < u < 40 cm (between F and 2F)
S
<
[TIP] Exam Tip: Convex lens gives magnified image when object is CLOSER than 2F. Virtual when inside F, real
when between F and 2F. At 2F = same size. Beyond 2F = diminished real.
J

Q.26. Sudha finds the sharp image of a window pane formed at 15 cm from the lens. She then tries to focus a
building outside. In which direction will she move the screen? What is the approximate focal length?
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Sudha should move the screen CLOSER to the lens (toward the lens).

Explanation:

» The window pane is a nearby object; its image forms at 15 cm from the lens

« The building outside is a FARTHER object (essentially more distant)

 For a convex lens: as object moves FARTHER away, the image moves CLOSER to the focus

(i.e., image distance v DECREASES as object distance increases)

« Since the building is farther than the window pane, its image forms CLOSER to the lens than 15 cm
» Sudha must move the screen TOWARD the lens to get a sharp image of the building.

Approximate focal length:

The building is very far away (essentially at infinity). For a distant object, image forms approximately at the
FOCAL POINT.

Therefore, approximate focal length ~= 15 cm (the image of the window pane at ~15 cm suggests the lens has
focal length slightly less than 15 cm).

Approximate f ~= 15 cm (slightly less)

[TIP] Exam Tip: Far object -> image closer to lens (closer to focus). Near object -> image farther from lens. Screen
must move TOWARD lens for faraway building.

Q.27. How are power and focal length related? Two lenses: f = 20 cm and 40 cm. Which gives more convergent
light?

Relationship: Power P = 1/f (where f is in metres). P proportional to 1/f -- shorter focal length = higher
power = more convergence.

Calculation:

elens1:f=20cm=0.20m->P =1/0.20=+5D

elens2:f=40cm=0.40 m -> P1 =1/0.40=+25D
2

Higher power = more converging ability.
The 20 cm focal length lens (P = +5 D) will produce more convergent light
because it has a shorter focal length and higher power.

J
\

[TIP] Exam Tip: P = 1/f(m). Shorter focal length = higher power = more convergence. The lens that bends light more =
shorter focal length = higher dioptre!

Q.28. Under what condition with two plane mirrors will incident and reflected rays always be parallel? Show with
diagram.
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. . Two Plane Mirrors at 90 deg -- Incident || Reflected
Condition: Two plane mirrors must be placed at 90

Explanation:
When two plane mirrors are placed at right angles (90

« A ray hits Mirror 1 and reflects at a certain angle
Mirror 2 (horizoptal)

 The reflected ray hits Mirror 2 and reflects again I

e Due to the 90 deg geometry, the final reflected ray is jardless of
the angle of incidence Mirror 1m (vertical)

* Mathematical proof: if angle of incidence on mirror 1 : ray makes
angle i with original direction -> final ray is Paf%H‘é!J&{r}ay always % rélj rﬁ;'/n plarrg eqted ray at 90 deg arrangement

This property is used in retroreflectors (corner reflectors) and in optical instruments.

Q.29. Draw a ray diagram showing the path of rays when entering (i) from air into water and (ii) from water into

air.
Air to Water (bends toward normal) Water to Air (bends away from normal)
]
1.
AIR (n=1.0) i i (larger) AIR ger, bends away from normal)
1
1
WATER (n=1.33) WATER 1.
maller, bends toward normal) 1 i (smaller)
I
N
Key rules:

* Air to water (denser): ray bends TOWARD the normal; angle of refraction < angle of incidence
« Water to air (rarer): ray bends AWAY from normal; angle of refraction > angle of incidence
e n_water/n_air =sini/sinr~=1.33
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SECTION C 0O Long Answer Questions (Q. 30-38)

Q.30. Draw ray diagrams for image formation by a concave mirror for all 5 object positions.

Object between P and F -> Virtual, Erect, Enlarged (behind mirror) Object between F and C -> Real, Inverted, Enlarged (beyond C)
I' (virtual)

-

I (real,inv,enlarged)

Object at C -> Real, Inverted, Same size (at C) Object beyond C -> Real, Inverted, Diminished (between F and C)

| (real,inv,dim)
| (real,inv,same size)
Object at infinity -> Real, Inverted, Point-sized (at F)
Q.31. Draw ray diagrams for image formation by a convex lens for all 5 object positions.
. I' (virtuacI) . . . .
Object between O, gn F -> Virtual, Erect, Enlarged (same side as object) Object between F and 2F -> Real, Inverted, Enlarged (beyond 2F')

| (real,inv,enlrgd)
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Object at 2F -> Real, Inverted, Same size (at 2F') Object at infinity -> Real, Inverted, Point-sized (at F')

| (real,inv,same size)

Object at F -> Image at infinity (parallel rays after lens)

L 4 =
F | at infin@fm (parallel rays)

Q.32. Write laws of refraction. Explain with a ray diagram when a ray passes through a rectangular glass slab.
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LAWS OF REFRACTION (Snell's Laws):

Law 1 (Snell's First Law):
The incident ray, the refracted ray, and the normal to the interface at the point of incidence all lie in the same
plane.

Law 2 (Snell's Second Law):

The ratio of the sine of the angle of incidence to the sine of the angle of refraction is a constant for a given pair
of media and a given colour of light:

sini/sinr=n =constant

.21 . . . .
Where n s the refractive index of medium 2 with respect to medium 1.
1 Incident ray

fraction through Rectangular Glass Slab

]
i (angle o{ incidence)
1

\agle of refraction)

Lateralmdisplacement

n_glass > n_air

Emergent ray is PARALLEL to incident ray (latera < ig‘placement)
Emergent ray
Explanation with glass slab:

* Ray enters air->glass: bends TOWARD normal (glass denser, n_glass > n_air)

« Inside slab: travels straight (no change of medium)

* Ray exits glass->air: bends AWAY from normal (goes to less dense medium)

« Because both surfaces are parallel: total angular deviation cancels out

* Emergent ray is PARALLEL to incident ray

« But there is a lateral displacement (perpendicular shift between incident and emergent)
« Lateral displacement increases with: (a) increasing angle of incidence, (b) increasing slab thickness, (c)
increasing refractive index

[TIP] Exam Tip: Laws of refraction: (1) Coplanarity of rays and normal. (2) Snell's law sin i / sin r = constant. Glass
slab: emergent parallel to incident, laterally displaced.

Q.33. Draw ray diagrams for image formation by a CONCAVE LENS for 3 object positions.
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Concave (diverging) lens ALWAYS forms: Virtual, Erect, Diminished image -- for ANY object position

Concave lens: always Virtual, Erect, Diminished image

For ALL positions (at F, between F and 2F, beyond 2F):

* Image is always formed between F and O on the SAME SIDE as the object (virtual side)
« Image is always virtual, erect, and diminished

* As object moves closer to lens, image moves farther from lens but stays virtual

 As object moves to infinity, image forms at F (virtual, minimum size)

Q.34. Draw ray diagrams for image formation by a CONVEX MIRROR for (a) infinity, (b) finite distance.

Convex mirror (infinity): always Virtual, Erect, Diminished Convex mirror (finite): always Virtual, Erect, Diminished

e{ﬁ-ﬁ/
e

~

~

Convex mirror ALWAYS forms: Virtual, Erect, Diminished image

(a) Object at infinity: image at F (virtual, point-sized) behind mirror
(b) Object at finite distance: image between P and F, virtual, erect, diminished

Q.35. Image of candle formed by lens on screen on other side. Image 3x size of flame, distance between lens
and image = 80 cm. Find object distance. Nature of lens and image?
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[CHECK] Solution:

Given:

« Image on screen (other side of lens) -> REAL image -> convex lens
» Magnification m = -3 (real, inverted image, 3x size, so negative m)
 Image distance v = +80 cm (on other side from object)

Step 1: Find object distance u
m = v/u -> -3 = 80/u -> u = 80/(-3) = -26.67 cm ~= -80/3 cm

Step 2: Find focal length
1/f =1/v - 1/u = 1/80 - 1/(-80/3) = 1/80 + 3/80 = 4/80 = 1/20
f=20cm

The candle should be placed at 80/3 ~= 26.67 cm from the lens

Nature: CONVEX LENS (image on other side = real). Image is REAL, INVERTED, MAGNIFIED (3x).

I

[TIP] Image on screen = REAL image = CONVEX LENS or CONCAVE MIRROR. For real image in lens: m is
negative. Use 1/f = 1/v - 1/u (lens formula).

Q.36. Image by mirror (f = 20 cm) is reduced to 1/3 of object size. Find object distance. Nature of image and
mirror?

[CHECK] Solution:
Given:

* |m| = 1/3 (image reduced to 1/3 of object size)
«f=20cm

Case: The image could be real (m =-1/3) or virtual (m = +1/3)

Case 1: Real, inverted diminished image -> m = -1/3, mirror is CONCAVE (f =-20 cm)
m = -v/u ->-1/3 = -v/u -> v = u/3

1/f=1/N+ 1/u->1/(-20) =3/u + 1/u = 4/u -> u =-80 cm

Object is at 80 cm in front of the concave mirror -> image at v = -80/3 ~= -26.7 cm

This makes sense: object beyond C (>2f = 40 cm) -> diminished real image OK

Answer: Object at 80 cm, CONCAVE mirror, image is REAL, INVERTED, DIMINISHED, at 26.7 cm

Q.37. Define power of a lens. What is its unit? Student A uses f = 50 cm; Student B uses f = -50 cm. Nature and
power for each?
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POWER OF A LENS:

Power (P) is the ability of a lens to converge or diverge a beam of light. It is defined as the reciprocal of
the focal length (in metres):

P = 1/f (where fis in metres)

Unit of Power: DIOPTRE (D)

1 Dioptre = 1 m-* = power of a lens with focal length 1 metre
« Convex (converging) lens: f is positive -> P is positive

» Concave (diverging) lens: f is negative -> P is negative

Student A: f =+50 cm = +0.50 m
*P=1/050=+2D

« f is positive -> Convex (converging) lens
* Power is +2 D (converging)

Student B: f =-50 cm =-0.50 m
«P=1/(-0.50)=-2D

« f is negative -> Concave (diverging) lens
» Power is -2 D (diverging)

J
\

[TIP] Exam Tip: Convex lens: f positive, P positive. Concave lens: f negative, P negative. |P1| = |P2| here but opposite
signs. Combine lenses: P_total = P1 + P2!

J

Q.38. A student focuses a candle on screen using convex lens.

Position of candle = 12.0 cm; lens = 50.0 cm; screen = 88.0 cm.

(i) Focal length? (ii) Image position when candle moved to 31.0 cm? (iii) Nature if candle moved even closer? (iv)
Ray diagram for (iii).
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[CHECK] Solutions:

(i) Focal Length:

Object distance: u = 12.0 - 50.0 = -38.0 cm (object to left of lens)

Image distance: v = 88.0 - 50.0 = +38.0 cm (screen to right of lens)

Using lens formula: 1/f = 1/v - 1/u = 1/38 - 1/(-38) = 1/38 + 1/38 = 2/38 = 1/19
f=19cm ~=20cm

(if) Candle shifted to position 31.0cm ->u =31.0 - 50.0 =-19.0 cm

Object is now AT the focus (u = -19 cm ~= -f)!

Iv=1/f+1/u=1/19 +1/(-19) =0

v -> infinity -> Image forms at infinity (parallel rays emerge; no sharp image on screen)

(iii) If candle shifted even closer (u <f):
Object between O and F -> image is Virtual, Erect, Magnified

Image forms on same side as object. Screen cannot capture it (it's virtual).

(iv) Ray diagram for object between O and F -> virtual, erect, enlarged image:

Object bét'\ﬂ\géw%)and F -> Virtual, Erect, Enlarged (same side as object)
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[WARNING] Common Mistakes & Exam Tips

\

X Sign convention: all distances from POLE/OPTICAL CENTRE

In New Cartesian convention: incident light travels left to right. Distances in direction of light = positive. Against =
negative. ALL measured from pole (mirror) or optical centre (lens).

X Mirror formula vs Lens formula

Mirror: 1/f = 1/v + 1/u. Lens: 1/f = 1/v - 1/u. Note the DIFFERENT SIGNS! Commonly confused in exams. Write them
separately before using.

X Magnification sign: m positive = virtual; m negative = real

For mirrors: m = -v/u. For lenses: m = v/u. If m is negative -> real, inverted. If positive -> virtual, erect. This is
frequently reversed by students!

X Rear view mirror = CONVEX (always)

Rear-view mirrors in vehicles are ALWAYS convex mirrors. They give a wider field of view and always diminished

| images (m < 1 always). Never concave (would give inverted images of traffic)!

X Bulb in torch is at FOCUS of concave mirror

Not between pole and focus, not at C. Exactly at focus -> parallel beam emitted. Near focus -> nearly parallel beam
(practical approximation).

X Power is POSITIVE for convex, NEGATIVE for concave lens

P = 1/f(metres). Convex f>0-> P > 0. Concave f <0 -> P < 0. P = +5D means a converging (convex) lens of f=0.2 m
=20 cm.

X Snell's law angles are from NORMAL, not from surface

Angle of incidence and refraction are ALWAYS measured from the NORMAL to the surface. If angle from surface = 60
deg, angle from normal = 30 deg. Common source of error!

X Concave lens ALWAYS gives virtual, erect, diminished image

No matter where you place the object, a concave lens NEVER forms a real image. Convex lens gives virtual image
only when object is between O and F.

[REVISION] Quick Revision -- Chapter 10 at a Glance

Mirror formula 1/f=1/v+ 1/u. m=-v/u=h'/h. R = 2f.

Lens formula 1/f=1/v - 1/u. m = v/u. P = 1/f(m).
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Concave mirror uses Torch/headlights (bulb at F), shaving/makeup mirrors, solar concentrators,
doctor's reflector.

Convex mirror uses Rear-view mirrors (wide FOV, always diminished, erect). m always < 1.
Convex lens (object Beyond 2F->diminished real. At 2F->same size real. F-2F->enlarged real. At
positions) F->infinity. Inside F->enlarged virtual.

Concave lens ALWAYS virtual, erect, diminished. Image between F and O.

Refractive index n n = c/v. Snell: n1 sini= n2 sinr. n_BA =sini/sinr=v_Alv_B.

Bending of light Dense medium (higher n): bends toward normal. Rare medium: bends away.

More n = more bending.

Glass slab Emergent || incident (lateral displacement). Both surfaces parallel -> angles
cancel.

Power (P) P = 1/f(m). Unit: Dioptre (D). Convex +P. Concave -P. f=0.5m -> P = 2D.

Object at infinity ALL optical devices give point-sized image at focus (real or virtual).

[KEY] MCQ Answer Key Summary (Q. 1-19)

Q1 (@ Q2 | (b) Q3 | (¢) Q4 | (a) Q5 | (b)

Q6 | (@ Q7 | (d) Q8 | (@ Qo | (@ Q10 | (b)

Q.11 | (b) Q.12 | (b) Q.13 | (d) Q.14 | (b) Q.15 | (d)

Q.16 | (c) Q.17 | (b) Q.18 | (c) Q.19 | (d)

Disclaimer: This material is independently created for educational and self-study purposes only. NCERT name and questions are
referenced solely for academic assistance. All solutions and explanations are originally written and transformed with additional educational
value. This content is not affiliated with or endorsed by NCERT.

O Light shows the path -- knowledge illuminates the way! [
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