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Learn reflection first, then refraction and lenses, then the eye and optical effects. Work through the
calculations and original ray diagrams before attempting the checks. This is an optics study batch,
not the complete General Science course or a full CBT simulation.
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Light: Reflection and Mirrors

What you will learn

Use a ray diagram and a signed calculation to answer the same question: where does a mirror form
an image, and what is that image like? You will distinguish reflection from image formation, choose
useful rays, and connect a mirror's use with the object's position. This is secondary-level optics
practice within General Science, not a prediction of topic-wise exam marks.

1 Light and the ray model

An object is visible when light from it enters the eye. A lamp emits light; a book is usually seen by the
light it reflects. Light can travel through vacuum; its vacuum speed is approximately 3 x 108 m/s.

In a homogeneous transparent medium, where optical properties do not vary from place to place,
the school-level ray model represents light travelling in straight lines. A ray is a line with an arrow
showing the direction of travel, not a material thread. This model works well when wave effects such
as diffraction are negligible. It does not mean that light can never change direction: it can reflect at a
surface or refract between media.

2 Reflection uses the normal

At the point where a ray strikes a surface, draw a perpendicular to that surface. This line is the
normal. On a spherical mirror, the local normal passes through the centre of curvature.

The angle of incidence i is measured between the incoming ray and the normal. The angle of
reflection r is measured between the outgoing ray and the same normal. The laws are:

ci=r

* The incident ray, reflected ray and normal at the point of incidence lie in one plane
Worked angle example: A ray makes 35° with a plane mirror's surface. Its angle with the normal is

90° - 35° = 55° Therefore i = r = 55°, not 35°. The reflected ray also makes 35° with the surface. Draw
the normal before substituting an angle.

A smooth surface can reflect a parallel beam in one regular direction. A rough surface has different
local normals, so the reflected rays spread in different directions. This diffuse reflection still obeys
the reflection laws at each point. It is not a failure of i = r.
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Normal

Incident ray Reflected ray

Mirror surface

Angles are measured from the normal, not the surface

Reflection: i = r = 45°, measured from the normal perpendicular to the mirror. Arrows show light travel. The
dashed vertical line is a normal guide, not a light ray.

3 Real and virtual images

Areal image is formed where the outgoing rays actually meet. A suitably placed screen can receive
it. Avirtual image is located where the backward extensions of outgoing rays meet; the rays do not
actually pass through that apparent point. Such an image cannot be caught directly on a screen
there, though an eye or camera can see it by receiving the outgoing light.

Use solid lines with arrows for actual ray paths and dashed lines for backward extensions. “Virtual”
does not mean invisible. “Real” does not mean necessarily larger.

4 A plane mirror

For a real object in front of a plane mirror, the image is virtual, erect and equal in size to the object.
Its perpendicular distance behind the mirror equals the object's perpendicular distance in front. The
familiar left-right reversal in a mirror is called lateral inversion; the mirror does not turn the image
upside down.

Worked distance example: A marker is 1.8 m in front of a stationary plane mirror. Its image is 1.8 m
behind it, so marker-to-image separation is 3.6 m. Move the marker 0.3 m towards the mirror: the
new distances are 1.5 m on each side and the separation is 3.0 m. The separation decreases by 0.6
m. Keep “distance from the mirror” separate from “distance between object and image”.

To construct a plane-mirror image, send two rays from the same object point to different mirror
points, reflect each with equal angles to its local normal, and extend the reflected rays backwards.
Their extensions intersect at the corresponding image point behind the mirror.

5 Spherical mirrors and their landmarks

A concave mirror has its reflecting face curved inward; a convex mirror reflects from the outward-
bulging face. Both are parts of a sphere in our model.

* P, the pole, is the middle point of the reflecting surface
* C, the centre of curvature, is the centre of the sphere of which the mirror is a part

* The principal axis is the straight line through P and C
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* R is the signed distance PC, the radius of curvature

* Fis the principal focus. Rays parallel and close to the axis converge there after reflection from a
concave mirror, or appear to come from it after reflection from a convex mirror

« fis the signed distance PF, the focal length
For spherical mirrors in the paraxial approximation, f = R/2. Paraxial rays remain near the principal
axis and make small angles with it. Do not extend this relation into a claim that every wide beam

striking a spherical mirror meets at exactly one point. The ray constructions and mirror equation
below use the same idealized approximation.

6 Construct the image with two rays

Start both rays at the tip of the same upright object. For a concave mirror, one useful ray travels
parallel to the axis and reflects through F. A second ray aimed through C returns along its own path
because it strikes along the normal. Alternatively, a ray through F reflects parallel to the axis, or a ray
striking P reflects at an equal angle to the axis. Their meeting point is the image tip.

For a convex mirror, a parallel incident ray reflects as if it came from F behind the mirror. A ray aimed
towards C is reflected back along its incoming line. The actual reflected rays diverge; their dashed
backward extensions meet behind the mirror. Do not draw the solid reflected rays travelling through
the mirror to that virtual image.

For real objects on the principal-axis side facing a concave mirror, the main cases are:

* Object beyond C: image between C and F, real, inverted, smaller
* Object at C: image at C, real, inverted, same size
* Object between C and F: image beyond C, real, inverted, larger

* Object at F: outgoing rays from a point are parallel; no image at a finite distance in this ideal
model

* Object between F and P: image behind the mirror, virtual, erect, larger

* Very distant object: image approaches the focal plane; an on-axis distant point is imaged near F
For a finite real object in front of a convex mirror, the image lies behind the mirror between P and
F. It is virtual, erect and diminished. The real-object condition matters; this is not a statement about

every possible converging incident beam. As a real object becomes very distant, its image
approaches F.

7 Cartesian signs before calculation

Draw incident light travelling from left to right, with the object on the left. Take P as the origin.
Measure all distances from P, never from F or C.

* Right of P is positive; left of P is negative

* Height above the axis is positive; height below is negative

* For the real objects here, u is negative

» Concave mirror: f and R are negative; convex mirror: f and R are positive

* Areal mirror image in front has v negative; a virtual image behind has v positive

Write the values with their signs before using the mirror equation: 1/f = 1/v + 1/u, so 1/v=1/f - 1/u.

ParikshaPDF | RRB Group D | Original optics practice



Here u is object distance, vimage distance, and f focal length. Use one consistent length unit. Signed
linear magnification is m = h’/h = -v/u, where h and h” are object and image heights. The sign tells
orientation: positive means erect and negative means inverted relative to an upright object. The
magnitude |m| tells size: above 1 enlarged, below 1 diminished, and 1 equal size.

8 Three signed calculations

Example 1 Concave mirror and a screen: An upright 4 cm object is 36 cm in front of a concave
mirror whose focal length has magnitude 12 cm.

u=-36cm;f=-12cm;h=+4cm. 1/v=-1/12-(-1/36) = -3/36 + 1/36 =-1/18. Thus v=-18 cm. The
image is 18 cm in front of the mirror, where a screen can receive it. m = =(-18)/(-36) = -1/2, so h’ =
(-1/2) x 4 = -2 cm. It is real, inverted and half-size. Check the position: Cis 24 cm in front; an object
beyond C should form its image between C and F, as 18 cm does.

Example 2 Concave mirror used close up: Put an object 10 cm in front of a concave mirror with
focal-length magnitude 15 cm.

u=-10cm; f=-15cm. 1/v=-1/15-(-1/10) = (-2 + 3)/30 = 1/30. Thus v = +30 cm and m = -30/(-10) =
+3. The image is 30 cm behind the mirror, virtual, erect and three times as tall. The object is inside
the focal length. Do not place a screen 30 cm in front merely because “30” is the answer; its sign
locates the image.

Example 3 Convex mirror: Put an object 30 cm in front of a convex mirror with f = +20 cm.

u=-30cm. 1/v=1/20-(-1/30)=3/60 + 2/60 = 1/12. Thus v=+12 cm and m = -12/(-30) = +0.4. The
image is virtual, erect and 0.4 times the object's height. It lies between P and F behind the mirror,
matching the ray construction.

u=-36 cmf=-12cmv =-18cm m = -0.5

Object

Image

Solid lines: light paths Dashed lines: backward extensions
Paraxial mirror-plane sketch at P; heights enlarged for clarity

Concave mirror example 1: u=-36 cm, f=-12 cm, v=-18 cm, m = -0.5. The object is beyond C and the real
inverted image is between C and F. P is the pole; F is the focus; C is the centre of curvature. This is an
approximate paraxial pole-plane construction, not an exact trace on a spherical surface. Heights are enlarged
relative to axial distances.
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u=-30cmf=420cmv=+12cmm = +0.4

Object \

Solid lines: light paths Dashed lines: backward extensions
Paraxial mirror-plane sketch at P; heights enlarged for clarity

Convex mirror example 3: u=-30 cm, f=+20 cm, v = +12 cm, m = +0.4. Reflected rays travel left; their dashed
backward extensions meet behind the mirror, between P and F. The virtual image is erect and smaller. As above,
the vertical line represents the paraxial mirror plane at P, not a plane mirror.

9 Choose a mirror by what it does

A convex traffic or vehicle mirror gives a wider field of view and smaller erect images of real objects.
A concave shaving or dentist's mirror gives an enlarged erect image when the object is between P
and F. A concave reflector sends light approximately parallel when a small source is near its focus;
this is the school model behind a torch reflector. Concentrating nearly parallel sunlight near a focus
is the reverse path. Real devices may use shapes other than spherical mirrors, so the model explains
the principle rather than every design detail. Never look at the Sun directly or into focused sunlight.

10 Practice before reading the key

1. A ray makes 25° with a plane mirror surface. What is its reflection angle measured from the
normal?

A. 25°

B. 50°

C.65°

D. 75°

2. Areal object is 0.8 min front of a plane mirror. What is the object-image separation?

A.04m
B.0.8 m
C.1.6m
D.2.4m

3. Which statement about diffuse reflection is correct?

A. The reflection law fails at rough surfaces
B. Local normals differ, but each ray obeysi=r
C. Every reflected ray travels parallel to the others

D. A rough surface absorbs all incident light
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4. An upright real object is between F and P of a concave mirror. Which image is obtained in the
paraxial model?

A. Real, inverted and smaller

B. Real, erect and larger

C. Virtual, inverted and smaller

D. Virtual, erect and larger

5. A concave mirror has u =-40 cm and f=-10 cm. Find v using the mirror equation.

A. -40/3 cm
B. +40/3 cm
C.-8cm

D. +8 cm

6. A convex mirror forms a virtual image with u = -24 cm and v = +8 cm. What is its signed
magnification?

A.-3
B. +3
C.-1/3
D. +1/3

11 Explained key

1. C. The incidence angle is 90° - 25° = 65°, so the reflection angle is 65°. The given surface angle is
not i.

2. C. The image is 0.8 m behind the mirror. The total separationis 0.8 + 0.8 = 1.6 m.

3. B. Different local surface orientations spread the reflected beam. They do not change the local
law. Neither parallel output nor total absorption follows.

4. D. Inside the concave focal length, reflected rays diverge and their backward extensions meet
behind the mirror: the image is virtual, erect and enlarged.

5.A.1/v=-1/10 - (-1/40) = -3/40, hence v = -40/3 cm. The negative sign places the real image in
front; using the lens equation would give a different result.

6. D. m = -v/u = -8/(-24) = +1/3. It is erect and one-third as tall. Reversing the ratio gives 3; dropping
the mirror minus sign gives -1/3.

Sources and next step

NCERT Science Chapter 9, Light Reflection and Refraction, reprint 2026-27, 889.1-9.2.4, printed
pp.134-145, supplies the secondary-level reflection, image and formula framework. NCERT Physics
Part IT Chapter 9, §§9.2.1-9.2.3, pp.222-226, makes the paraxial condition explicit. The teaching,
numbers and practice here are original. Continue with Refraction and Lenses to compare what
changes when light passes through, rather than reflects from, an optical element.
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A concrete ray or concept demonstration

Use a ray construction rather than a bouncing-ball analogy. Put a point object to the left of a plane
mirror. Draw two incident rays, then use i = r at each point. Extend only the reflected rays backwards
with dashed lines. The extensions meet at a point equally far behind the mirror. This shows why the
image can be seen without light physically coming through the mirror from that point.

Quick reference
* Measure i and r from the normal; i = r even in diffuse reflection

* Plane mirror: for a real object, virtual, erect, equal size; equal perpendicular object and image
distances

* Use the paraxial spherical-mirror model: f=R/2; 1/f = 1/v + 1/u
* Incident light left to right: real object u < 0; concave f < 0; convex f> 0
* Mirror magnification m = -v/u; sign gives orientation, |m| gives size

* Concave: a real object inside F gives an enlarged virtual erect image; outside F gives a real
inverted image

« Convex: a finite real object gives a virtual erect diminished image between P and F behind the
mirror

* Check signs, location and image size against the ray construction
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Refraction and Lenses

What you will learn

Explain refraction, trace thin-lens images, and calculate image position, magnification and power.
Establish directions and signs before using formulas. Examples and checks are original.

1 Light crossing a boundary

Within a homogeneous transparent medium, light travels in straight lines in the ray model.
Homogeneous means that the relevant optical properties are uniform throughout. At a boundary
between different refractive indices, transmitted light changes speed and usually direction. This is
refraction.

Draw a normal perpendicular to the boundary at the point where the ray arrives. Measure incidence
angle i and refraction angle r from this normal, never from the surface. For normal incidence, i = 0°

and r = 0°: light goes straight through although its speed changes. Therefore, a speed change does
not always produce a visible bend.

The absolute refractive index is n = c/s, where c is light's speed in vacuum and s is its speed in the
medium. Index has no unit. A higher index means lower light speed. “Optically denser” describes
this optical comparison, not mass per unit volume. At a stationary boundary, frequency stays
unchanged; wavelength changes with speed.

2 Predicting the bend

The incident ray, refracted ray and normal lie in one plane. For a given colour travelling from
medium 1 into medium 2, Snell's law is:

n;sini=n;sinr

Thus sin i/sin r = ny/n4 for nonzero angles. It equals n, alone only when n; = 1, approximately the air-
to-material case. Compare both media:

* Entering a higher-index medium: the transmitted ray bends towards the normal, so r <i for
oblique incidence

* Entering a lower-index medium: it bends away, so r > i when a refracted ray exists

From higher to lower index, sufficiently oblique rays can undergo total internal reflection instead of
transmission. Do not assume every incident ray must emerge.
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Normal

Airn=1

r~28.1° Glassn =1.5

ni sin i = nz2 sin r; entering the higher-index medium bends towards the normal

A separate refraction construction: from air with n; = 1 into glass with n, = 1.5 ati = 45°, Snell's law gives r =
28.1°. The ray bends towards the normal. The dashed normal is a guide, not a backward ray extension.

3 A parallel glass slab

For a slab with parallel faces and air on both sides, draw a normal at each crossing. An oblique ray
bends towards the normal on entering glass and away on leaving. The emergent ray is parallel to
the original incident direction, but shifted sideways. This is lateral displacement. Parallel emergence
does not mean refraction was absent. At normal incidence there is no sideways shift. A prism has
nonparallel refracting faces, so this slab result cannot simply be transferred to it.

4 The lens model

Here we use thin glass lenses in air, with lens material optically denser than air. Rays stay close to the
principal axis and make small angles with it: these are paraxial rays. Thick lenses and large-angle
rays require more detail.

A convex lens is thicker at its centre and converges an axis-parallel beam. A concave lens is thinner
at its centre and makes that beam diverge. Mark optical centre O, the principal axis through O, and
equal-distance focal points F_L on the left and F_R on the right. Light travels left to right. Focal-length
magnitude |f]| is the distance OF; 2F marks twice that distance. Convex-lens parallel rays meet at
F_R; concave-lens rays have backward extensions meeting at F_L.

5 Construct an image with two rays

Place an upright object arrow on the left, with its base on the axis. From its tip draw two of these
rays:

Convex lens: A ray parallel to the axis emerges through F_R. A ray through O continues undeviated
in this thin-lens model. A ray whose incident line passes through F_L emerges parallel to the axis.

Concave lens: An axis-parallel ray emerges diverging as if from F_L. A ray through O continues
undeviated. A ray directed towards F_R emerges parallel to the axis.

ParikshaPDF | RRB Group D | Original optics practice 10



Use solid lines with arrows for actual light travel. If outgoing rays meet, their intersection locates the
image tip: the image is real and can be caught on a screen there. If they spread apart, extend their
outgoing lines backwards using dashed lines. Their apparent intersection locates a virtual image,
which cannot be caught directly on a screen at that position. Dashed extensions are construction
lines, not light travelling backwards.

For a convex lens with the object beyond F_L, these rays meet on the right below the axis. With the
object between O and F_L, their backward extensions meet on the left above the axis. For a concave
lens and a real object, the backward extensions meet between O and F_L above the axis.

6 All the standard image cases

These cases assume a real object on the left: incident rays actually spread from it. Size comparisons
refer to height.

Convex lens
* Object very far away: image near F_R, real, inverted and highly diminished; an axial point at
infinity focuses at F_R
* Beyond 2F_L: image between F_R and 2F_R, real, inverted and diminished
* At 2F_L: image at 2F_R, real, inverted and the same size
* Between F_L and 2F_L: image beyond 2F_R, real, inverted and enlarged

* At F_L: rays from each object point emerge parallel; no finite screen position receives a focused
image, conventionally called an image at infinity

* Between F_L and O: image on the object's side, virtual, upright and enlarged
Concave lens

* Any finite real-object distance: image between O and F_L, virtual, upright and diminished

* Axial object point at infinity: virtual image at F_L; a very distant extended object gives an upright,
highly diminished image near F_L

A convex lens can therefore produce either real or virtual images. A magnifying glass uses the
inside-focus case. The usual statement that a concave lens always makes a virtual image requires
the real-object condition.

7 Signs and formulas

Measure all distances from O. With incident light left to right, rightward distances are positive and
leftward distances negative. Hence a real object has u < 0; a real image on the right hasv>0; a
virtual image on the left has v < 0. Convex f > 0 and concave f < 0. Heights above the axis are
positive; below it, negative.

Thin-lens formula: 1/f=1/v-1/u
Magnification: m = hi/h, = v/u

Here h; and h, are image and object heights. Positive m means upright; negative m means inverted.
Compare |m| with 1 to judge size. Use matching length units in the lens formula. Lens
magnification is v/u; the mirror formula has an extra minus sign.
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Power: P = 1/f, with f in metres and P in dioptres (D). Convex power is positive, concave power
negative. A shorter focal-length magnitude means stronger convergence or divergence, not
necessarily a larger image for every object position.

8 Three worked numerical examples

Example 1 Refraction. Light enters a material of n = 1.60 from air with n = 1 ati = 30°. Take c = 3.00
x 108 m/s.

Speed s = ¢/n = 1.875 x 108 m/s. Snell's law gives sin r = (1 x sin 30°)/1.60 = 0.3125, so r = 18.2°. The
smaller angle confirms bending towards the normal. The speed symbol s here is different from
image distance v.

Example 2 Convex lens. An upright 4 cm object is 36 cm left of a convex lens with focal length 12
cm.

u=-36cm; f=+12cm. 1/v="1/f+1/u=1/12-1/36 =1/18. Thus v=+18 cm and m = 18/(-36) = -0.50.

hi=mho=-0.50x4=-2cm.

The image is 18 cm right of the lens, real, inverted and half-sized. This agrees with the beyond-2F
case. For power, f=+0.12 m, so P = +8.33 D.

Example 3 Concave lens. An upright 8 cm object is 48 cm left of a concave lens with focal-length
magnitude 16 cm.

u=-48cm;f=-16cm. 1/v=-1/16-1/48 =-1/12. Thusv=-12 cm and m = (-12)/(-48) = +1/4. h; =
(1/4) x 8 =+2 cm.

The image is 12 cm left of the lens, virtual, upright and diminished, between O and F_L. With f =
-0.16 m, P =-6.25D.

u=-36 cmf=+12cmv=+18cmm = -0.5

Object

F R

2F L FL 0 2F R

Image

Solid lines: light paths Dashed lines: backward extensions
Thin-lens paraxial sketch at O; heights enlarged for clarity

Convex lens example 2: u=-36 cm, f=+12cm, v=+18 cm, m = -0.5. The two outgoing rays meet at the real

inverted half-sized image. O is the optical centre; F_L and F_R mark the left and right focal points; 2F marks
twice the focal distance. Thin-lens paraxial construction in air; heights are enlarged for clarity.
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u=-48cmf=-16cmv=-12cm m = +0.25

Object /

Solid lines: light paths Dashed lines: backward extensions
Thin-lens paraxial sketch at O; heights enlarged for clarity

Concave lens example 3: u=-48cm, f=-16 cm, v=-12 cm, m = +0.25. Outgoing rays diverge, but their
backward extensions meet between O and F_L at an erect quarter-sized virtual image. The centre ray’s
backward extension coincides with its incoming straight line. Dashed lines never mean light travelling
backwards.

9 Common mistakes and recap

Measure angles from the normal. Compare optical indices, not material weight. Check object
position before describing a convex-lens image. Assign signs before calculation and convert
centimetres to metres before finding power. Magnification changes with object position even for the
same lens. Finally, check whether the calculated side, orientation and size agree with the ray
construction.

Check your understanding
Attempt all six before reading the key.

1. Aray enters glass from air along the normal. What changes?

A. Direction only
B. Speed, but not direction or frequency
C. Frequency only

D. Neither speed nor direction

2. At nonzero angles, light travels from n; = 1.20 to n, = 1.80. What is sin i/sin r?

A.2/3

B.1.20
C.1.80
D. 1.50
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3. Areal object lies between a convex lens and its nearer focus. Its image is:

A. Virtual, upright and enlarged
B. Real, inverted and diminished
C. Virtual, upright and diminished
D. Real, upright and enlarged

4. A concave lens has focal length =80 cm. Its power is:

A.+1.25D
B.-0.0125D
C.-1.25D
D.-80D

5. For a thin lens, u =-24 cm and v = +12 cm. What is magnification?
A. +0.50
B. -0.50
C.-2
D. +2

6. An oblique ray crosses a parallel glass slab with air on both sides. The emerging ray is:

A. Always perpendicular to the slab
B. Unchanged because no refraction occurs
C. Always aimed at a common focus

D. Parallel to the incident direction and laterally displaced

Explained key

1. B — At normal incidence both angles are zero. Speed decreases and wavelength changes;
frequency stays the same. A visible bend is not required.

2. D — The ratio is ny/n, = 1.80/1.20 = 1.50. Using 1.80 alone incorrectly treats the first medium as
having index 1.

3. A — Outgoing rays diverge; backward extensions meet on the object side. The inside-focus case
gives an enlarged virtual image, not a screen image.

4. C — Convert first: f =-0.80 m. P = 1/(-0.80) = -1.25 D. The negative sign identifies divergence;
-0.0125 comes from using centimetres incorrectly.

5.B — m =v/u = 12/(-24) = -0.50: inverted and half-sized. Adding the mirror formula’s extra minus
sign would give the wrong orientation.

6. D — Refraction occurs at both faces. Parallel faces and the same outside medium restore the
direction, while oblique travel through the slab shifts the ray sideways.

Sources

Primary: NCERT Science, 889.3.1-9.3.8, printed pp. 146-158. Supporting: NIOS Light Energy, §815.9-
15.14, pp. 339-347. Technical cross-check only: NCERT Ray Optics, 89.3 and 889.5.2-9.5.3.

ParikshaPDF | RRB Group D | Original optics practice 14


https://www.ncert.nic.in/textbook/pdf/jesc109.pdf
https://digital.nios.ac.in/content/212en/Chapter-15.pdf
https://digital.nios.ac.in/content/212en/Chapter-15.pdf
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A concrete ray or concept demonstration

A straight straw viewed obliquely across the water surface can look bent. Rays from its submerged
part refract as they leave water. The eye traces the outgoing rays backwards and locates that part at
an apparent position. The straw itself has not bent: the light path changed at the boundary.

Refraction and lenses quick reference
* Measure i and r from the normal; normal incidence gives no bend
* n = c/s; higher optical index means lower light speed
*nqsini=n;sinr; frequency is unchanged at a stationary boundary

* Parallel slab, same outside medium: emergent direction parallel; oblique incidence gives lateral
shift

* Thin glass lenses in air: convex converges, concave diverges

» Convex plus inside-focus real object: virtual, upright, enlarged image
+ Concave plus real object: virtual, upright, diminished image

* Left-to-right light: real object u < 0; convex f > 0; concave f <0

e Lens: 1/f=1/v-1/u; m =v/u = hi/h,

* m < 0 means inverted; m > 0 means upright; |m| gives size ratio

* P = 1/f with fin metres; unit dioptre (D)

* Solid lines show light travel; dashed backward extensions locate virtual images
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Human Eye Dispersion and Optical Effects

What you will learn

Learn the causes of eye focusing, prism colours and atmospheric optical effects through original
examples.

1 Follow light through the eye
+ Cornea: the transparent curved front surface provides most of the eye’s refraction.

« Iris and pupil: the coloured muscular iris controls its central opening, the pupil. Pupil size
regulates light entry; the pupil is not a lens.

* Lens and ciliary muscles: the transparent flexible lens adjusts focusing. Ciliary muscles help
change its curvature and focal length.

* Retina: this light-sensitive layer receives the image. Its cells send electrical signals through the
optic nerve to the brain.

Clear vision requires a real, inverted image on the retina: rays actually meet there. The brain
interprets the signals, so we do not experience an upside-down retinal picture.

2 Accommodation keeps the focus on the retina

Different object distances give differently diverging incoming rays. The lens-to-retina distance stays
approximately fixed. Accommodation changes lens shape and focal length, not lens position as in
some cameras.

For distant objects, ciliary muscles relax and the lens becomes less curved: focal length increases
and power decreases. For nearby objects, these muscles contract and the lens becomes more curved
and thicker: focal length decreases and power increases. Lens power is the reciprocal of focal length
in metres.

The near point is the nearest distance for clear, comfortable vision; the far point is the farthest
clearly visible point. The school model for a young adult with normal vision uses about 25 cm and
infinity, respectively. These are reference values, not exact limits for every person or age.

Reasoning example 1: Focus shifts from a distant tree to a book. Must the retina move? No. Near
focus requires stronger convergence, so accommodation shortens focal length. Pupil adjustment
controls light entry, not this focusing mechanism.

3 Vision defects and lens correction

Choose correction by where rays would meet. These simplified models do not diagnose someone or
select spectacles.

Myopia or short-sightedness: distant rays converge before the retina, blurring distant objects. The
far point is finite. Excessive converging power or an elongated eyeball can cause this. A suitable
concave lens, with negative power, first diverges incoming rays. The combined system focuses them
on the retina rather than too early.
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Hypermetropia or long-sightedness: in the basic model, nearby objects require more convergence
than the eye provides; their rays would meet behind the retina. The near point lies beyond the
normal reference distance. Insufficient converging power or a short eyeball can cause this. A
suitable convex lens, with positive power, adds convergence to focus on the retina.

Presbyopia: accommodation generally decreases with age as lens flexibility and the focusing
mechanism'’s effectiveness decline. Nearby print becomes harder to focus on; the near point
recedes. A converging near-vision correction can compensate. Bifocals can provide separate near
and distance corrections when needed. Their distance portion is not necessarily concave; it depends
on the correction required. Presbyopia and hypermetropia can both affect near vision but have
different causes.

Reasoning example 2: Model eye A focuses distant rays before its retina; B would focus near-print
rays behind its retina. A needs initial divergence from a concave correction; B needs extra
convergence from a convex correction. Missing the retina does not always require the same
correction.

Uncorrected focus positions in a simplified eye model
Grey line: effective focusing by the cornea and lens

Myopia: parallel rays from a distant point Retina

Focus

Hypermetropia: rays from a nearby point Reti

-
/ ----- V-\-Iould focus
—>

Dashed lines beyond the retina are hypothetical extensions, not actual paths

Conceptual focus diagram only; not scaled eye anatomy or a prescription

Conceptual eye comparison, not scaled anatomy. Upper panel: parallel rays from a distant point meet before
the retina in myopia. Lower panel: rays from a near point would meet behind the retina in the hypermetropic
model; dashed segments beyond the retina are hypothetical continuations. A suitable concave correction adds
divergence in the upper case; a convex correction adds convergence in the lower case. The diagram does not
prescribe spectacles.

4 A prism separates colours already present

A triangular glass prism has non-parallel refracting faces. Entry and exit refraction produce an
overall deviation. Glass has different refractive indices for different colours, so white light's
components deviate differently. This separation is dispersion; the resulting band is a spectrum.

For colours emerging from an ordinary triangular glass prism in air under normal visible dispersion,
red deviates least and violet most. This is not universal for every material and wavelength. Violet,
indigo, blue, green, yellow, orange and red name convenient regions of a continuous spectrum,
without seven sharp boundaries.

A suitably aligned, reversed second identical prism can recombine the colours into white light. The
first prism separates existing components; it does not manufacture colours. Single-colour light can
refract without producing a complete white-light spectrum.
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5 How a primary rainbow forms

Inside water droplets, the sequence is:

1. Entry refraction and dispersion of sunlight

2. Reflection of some light at the inside back surface
3. Exit refraction

Colours emerge in different directions. With the Sun behind the observer and droplets ahead,
suitable rays form the arc opposite the Sun. A primary rainbow has red on its outer edge and violet
on its inner edge. “Refraction alone” omits the essential internal-reflection step. This reflection need
not be total internal reflection.

6 Atmospheric refraction and twinkling

Air's refractive index varies with density and temperature. Rays bend through changing atmospheric
layers, altering apparent positions. A star near the horizon generally appears higher than its true
direction. Atmospheric refraction also allows the Sun to appear before geometric sunrise and after
geometric sunset.

Turbulent air continually changes the paths and concentration of starlight reaching the eye. A
distant star approximates a point source, making brightness fluctuations noticeable as twinkling. A
planet usually twinkles less: fluctuations from many points of its apparent disc partly average out.
“Planets never twinkle” is too absolute.

7 Scattering explains sky and sunset colours

Scattering redirects light in many directions through interaction with molecules or particles. It
differs from a prism separating colours by refraction. Air molecules scatter shorter visible
wavelengths more strongly than longer ones. Blue-rich scattered sunlight reaches us from many sky
directions, producing a clear blue daytime sky.

Near sunset or sunrise, direct sunlight follows a longer atmospheric path. Much shorter-wavelength
light is scattered out of the direct beam, leaving it relatively richer in red and orange. The Sun does
not start producing only red light. Dust and clouds can alter the colours.

Reasoning example 3: Above the atmosphere, the surrounding sky appears dark because little
sunlight is scattered from other directions. The Sun can still be bright: a dark sky does not mean an
absence of sunlight.

Misconceptions to test

* Larger pupil means stronger accommodation? No: light control and focus adjustment differ
* Brain processing makes the retinal image virtual? No: rays really meet at the retina
* Twinkling and blue sky have one cause? No: changing refraction and scattering, respectively

* A prism creates seven colours? No: it separates an existing continuous range

Check your understanding
Try all six before reading the key.
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1. An eye shifts focus from a distant tower to a nearby label. Which change describes
accommodation?

A. The retina moves towards the lens

B. The lens becomes more curved and its focal length decreases

C. The pupil becomes the image screen

D. The optic nerve changes into a lens

2.In a model eye, distant rays focus before the retina. Which correction has the right effect?

A. Convex lens to add convergence
B. Plane glass to remove every ray
C. Concave lens to introduce divergence

D. Prism to create new colours

3. Rays from near print would meet behind a model eye’s retina. What helps them meet sooner?

A. A convex lens adding convergence
B. A concave lens adding divergence
C. Removing the retina

D. Making the pupil the optic nerve

4. White light enters an ordinary triangular glass prism in air under normal visible dispersion. Both
red and violet emerge. Which statement is correct?

A. Violet deviates less than red

B. All colours must have equal deviation

C. The glass manufactures the colours

D. Red deviates less than violet

5. Why does a planet usually twinkle less noticeably than a star?

A. Planets have no light reaching the eye
B. Light from different points of the planet’s apparent disc partly averages out fluctuations
C. Planets lie outside the atmosphere but stars lie inside it

D. Only starlight can be refracted

6. Why can the direct Sun look reddish near sunset?

A. The Sun stops emitting shorter wavelengths
B. Air produces red paint
C. Alonger atmospheric path scatters much shorter-wavelength light out of the direct beam

D. A retinal image becomes upright at sunset

Explained key

1. B. Near focus needs greater convergence. Changing lens curvature adjusts focal length; the retina

stays approximately fixed.
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2. C. The myopic model converges rays too soon. A concave lens reduces the initial convergence of
the combined system.

3. A. Extra convergence moves the focus towards the retina in the hypermetropic near-vision model.
Added divergence would worsen this mismatch.

4. D. In this triangular glass prism in air, normal visible dispersion makes emerging red light deviate
less than violet. A parallel slab does not have the same net angular-deviation behaviour.

5. B. Both beams cross the atmosphere. A planet’s extended apparent disc reduces the net flicker
compared with an approximately point-like star.

6. C. The remaining direct beam becomes relatively richer in red and orange. The scattering
redistributes light; it does not switch off colours at the Sun.

Recap

Accommodation adjusts focus; corrective lenses adjust convergence. Dispersion separates colours,
atmospheric refraction changes directions, and scattering redistributes light.

Sources and scope

Based on NCERT Science Chapter 10, The Human Eye and the Colourful World, reprint 2026-27,
sections 10.1-10.6, pp. 161-169, with NIOS Light Energy, sections 15.15-15.16, pp. 347-351 for the
dispersion and eye models. The sunset explanation applies scattering to a longer atmospheric path.
Explanations and checks are original.

A concrete ray or concept demonstration

Compare the pupil to a camera aperture and the retina to its sensor. However, eye accommodation
changes lens curvature at approximately fixed lens-to-retina distance.

Eye and colour quick reference
» Cornea: most refraction; iris/pupil: light control; retina: real inverted image
* Near focus: greater lens curvature, shorter focal length, higher power
* Normal young-adult reference: near point about 25 cm; far point infinity
* Myopia: distant focus before retina; concave negative-power correction
* Hypermetropia: near focus behind retina; convex positive-power correction
* Presbyopia: reduced accommodation with age

* Triangular glass prism in air, normal visible dispersion, colours emerge: red least, violet most
deviation

* Primary rainbow: entry refraction and dispersion — internal reflection — exit refraction

* Twinkling: changing atmospheric refraction; blue sky and red sunset: scattering
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Solid lines: light paths Dashed lines: backward extensions
Paraxial mirror-plane sketch at P; heights enlarged for clarity
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Paraxial mirror-plane sketch at P; heights enlarged for clarity
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o gemTer fohelt urepreftar T1em € wRrafdd g9 & J9ii 38 JR-UR ST1H UR RIT d&erdl gl

foRvoT TT SrgURUN =T 31 IR0

IS G Y ITAT o Folry foor-Fmfor vl | THae guur & aT¢ Gen foig-aeg @ | &t smufaa fomol Wi g3 foig Wi
= r MY | shael WRrafdd fohron et e dht ok gt Rarsti @ g | fawar guur & s Ia-t &1 g R el | 398 anst
37T & fon TeRTer 39 foig @ Y01 & SIR-UR araq # S fomm «ff ufafde e fiear 81

afRa def
« i 3R r aifeie § ATY; AR wada A ofti=r
« AT a¥g o forg THde guur: SmTeft, Tem, A SMTaR; a%g SR ufdfea &l daad gRal SRR
- JuTefta Mefa-guur Atsa & f = R/2; 1/f=1/v + 1/u
« USRI 9T¢ & &IV g aRdfdeh a%g T u < 0; 3radd f < 0; 37 f > 0
« g4ur 7 e m = -v/u; R e a1 IeeT 1T 3R | m | SR AT &
« 37adet: F & iaR i arafaen a¥g a1 9T it ey ufafes; F o a1eR ardfdes Ieer ufdfed
- It HfAa gt HY arafdes axg o1 ufafde f P ofiR F & o, smomedt, e oik ster
. g, W iR 3R @t feor-fafor @ it
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U 3R

3Ty T TG

YT HSAT, Udd o9l 9 o+ a1et ufafaia a1 fopror-fmfor enem qen ufafsa &Y RS, smad= ik da & emar &
T AT HIRET | Uget faror & feem iR g alRurdt aa & fhe g1 | A1 & | IaTeron 3R 31eard U Hiferes g
amft €1

1 UhIRT <hT ATEHH <hl THAT UR AT

ferzor Aiser A uenter fohelt TiTft uresff Arenw A el Jar & Tetdr g1 wHith 1 o1 § o Faifard uenrafta qor QR Arems
B UhTH & | 3IeTT-31elT SUdd-ieh daTet AT chl TIHT UR ehid THT URIAT UehIRT chl ITet 3R IraT=aa: fam
Feord! g1 g 379da gl

fepRoT STET TfHT WR ugadl 8, gl AT & claad sifHeis Wi Sua ehior i 3R udc= hior r ot gt srf¥ets § A,
gag T ol 78T | dead Smuad # i = 0° 3R r = 0° gid &: I1et Fger- UR o} TaprRr e It ST 81 39T AT Iget
a1 3ref AT fhRuT oAl g1 el B

fARder sruaddie n = ¢/s g1 T8l ¢ Aafd & ehrr &Y aret 3R s A1eaw | IGh! AT g1 3TTddich i his SIS Tal
It | 31fdeh STuacHich ohT 7Y UeRIST <l &hH T &1 “HhINT &Y & Fu" 34t Uenefia g1 &l S/ardT 8, ufd 38
ST ZHA ol Tl | fRR W1 IR e R g sraRkafdd &dt §; a1t & a1y aieed seetdn g

2 foheor fore otk qaft

3afad fawor, srgafda fopror siik sifddis ues 8t a1 A gl &1 AfYa 31 & areny 1 3 Areny 2 § S aret U1l & g
S &1 e 8:

n,;sini=nzsinr

ggfely IR I & AT sin i/sin r = ny/n, BT &1 T8 Shaet n, & SRR a9 & S1d Ny = 1 8Y; arg & fonedt uaref &
AT o ol a8 e e §1 QI HIegH ] eh el ah:

« 31fYeh STUadHich aTel ATETH | UART: URIHA fohur Sifded hl o7 gt ¢; foke suaa J r < i
« Y IUIcHIch arel ATHH § yasr: fohwur sifed & ¥ J3dl 8; sruafcdd feRoT S R r > |

31k & A U dTet ATEH H STd THY GAT foRedT fohvur ot URITAA g1 o o1 Yot STidReh URTac gt dehdl
&1 g3 Smufad feRzor et areR ket sifard =7 A |
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Normal

Airn=1

r~28.1° Glassn =1.5

ni sin i = nz2 sin r; entering the higher-index medium bends towards the normal

ST T STl AT Ny = 1 aTeft ag & n, = 1.5 aTct Sl H i = 45° WR A F Tl & [gA & SaR r = 28.1° fAerar g1 faror
S i SR gt 81 gar Sificia graes @ 8, W8 derar mar forur-fawr =&l

3 HiR helchl aTeil ehid ht gt

GHIGR thelch! aTel! Ufgehl oh a1 SR arg 81 af Uaer 3R i foig iR SreT-srer sificia @i | faest foheor sig &
TR T TH S AeAe Y 3R 3R amex Feveta Twar IUY R gedt &1 fAfa fawor mer smufad feam & qwiar gt &,
feheT a7Tet &t 3R FEdes STt 81 58 ure faearo shgd €1 GHicR (iae et 31 Srderd= ol 7 giH1 T8l 81 idad
e & ursf frere =gl g e & sruades theteh @GR 81 819, 39T Ufden! &l a8 sy 39 R e o et
R Tehd |

4 S T Afse

gl g9 arg H I Udel i<l oh ofF Ad &, foient gare arg & uehiita w0 & 3ifdes qu- g1 foul 7 318 & urg gdl &
3R IGY BIE VT ST 8; F76 IUTefd ol ehgd &1 HiS T 3R IS ehiur arett fehvutl & forg ifdes fawgd sremm
18|

I o o1 H Al gidT 8 SR 3787 I FHiaR fheur-GT ot Sif e e 81 Tadel oid o | ude giar & 3k 38
GST el STUHTR &hdl § | UehTiRTeh chg O, ITH ToRdT g & aUT O ¥ sRTeR g R 18 3R F_L 3R a8 iR F_R
hichy fAfgd | TenTeT aT¢ & 1Y TeTdT &1 thichd g3t &t IRAToT ||, OF 3 §; 2F 399 Gt &3t &21fdT 81 S9e o
I gHiaR f=ol F_R WR el §; srader g @ fReperd! fohron & e de1e 78 faaR F_L &R fierd 81

5 &I faorf & ufafea a=md
1S 3R YT Gg-cfR I1G, FSIeenT SMYUR 3187 R g1 IGeh M & 1= & 18 fomont 7 & &t &i<h:

I A 38T h FHTR 0T i & Mehereh? F_R 8 ol 81 O 8 T[oikA arefl fohvor udet o & 39 Afser # fomr
farae & St St &1 v smufaa faRor & 3@ F_L 9 o4t 8, 98 &9 & d1g 3187 & gHiaR fAdherd! 81

Sade A &l o TR fohor BF SrudTRd gidl 8 A F_L ¥ 3175 g1l O ¥ oA aret! fohvor forr feraer amt argedt
&1 F_R & 3k FEfAa foheor g & a1e; 3187 & IHiaR Rehetdt &1

ardfder UehI-uY & fog dRge ddd 3@ @i | i farol fAet at Ient ufdese ufdfsa e i ararar 8: ufdfds
arafaes § 8k 98T ud W U fohat ST Tkt g1 foReol thet 3@t g at Iehl fAnfa Yeamait at i &Y ofik gt amait &
TEIY | 7RI AR Ufdesse st ufafde i fRfa admar g1 39 fRfa w3 e u o ure =781 fohar ST dehdT! &
@MY charet (4AT0T o {1 8; Henrsr die =8t =e <81
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3T od | g¥g F_L 9 R 81 af FHiaR foheor 3R g & TR are! fohvor aT8 o1k 3187 & -d et 81 asg O 8fiRF_L &

= g1 af I Ut T¢Iy 7Y faear a1 37k 3187 o JWR fAcTd &1 Srade ¥ o H1H ardides 9% gt dt die 9g1g g
famR O 3R F_L & &9 o181 & SR [Herd 8

6 ufafsa a==t Y F+ft s DAt
2 fRafaat # areafde a&g a18 3R §: smufdd fhol arda d I9 thefe 3Tt §1 “THT 3MTehR” 3R “Blel” shgd R
fafea Y F=rg it gormr aeg & FE J Y s 81
I A
« I%] 9gd §X: Ufdfed F_R & U, ardfads, Ieiel 3R Srafeies Ster; sid W 37afa foig o ufafea F R R
- 9% 2F_L 9 gx: ufafdd F_R 3R 2F_R & o9, arafae, 3erer ik ster
- 9% 2F_L WR: ufafed 2F_R W, ardfdes, Iael iR THH HThR Sl
« g% F_L 3R 2F_L & st ufafde 2F_R & g3, arafden, Iefer 3R a1
« g F_L IR a%g & U3 foig @ o1 fohedl e @ TRk Fererdt €; fonelt Tfd off iR ud ot T ufafde =6t
firetan, 39 yafod w0 8 erd R ufafdd sgd &
« g F_L 3R O & s ufafeia aeg areft o7z, Srredt, e $ik F271
3gad o9
- gIAfaeh a¥g forelt oft g o w=: ufafde O ofk F_L & off=, smermeht, Ster ik ®ter
« 31gft aeg-faig erid uR: st ufafes F_L wR; 9igd @ bl faqga g ot e ofR sraafdres oter ufafda F_L &
BiE|

2GfIY I I ardfdeh a1 ATHRA ST UehR & Ufdfca o1 dehdT 81 STaeies shid H a¥g thichd & Hiar &t STt 81
“JTade oI FHRIT STHTRA UfAfeid SHTaT 87 Tl AT e | aidideh a<g i 21d STTaaeh g

7RgsRkR

Tt gRaf O ¥ /Y| Smufad Tehrer ¢ & &7¢ 8t ot &T8 3R ot ¢ TR 3R a1 37 <l g S UTTcH 8| 39feig
arafae axg & g u < 0; &g SR arafde ufafds & fag v > 0; a1 ok sl wfafse & forg v < 0 glar 81 39t
AT & forg f > 0 3R 3radel &9 & T f < 0 81 3187 & JIWR I FATS TTHb 3R I hl FoTHb gl

A dg A GA: 1/f=1/v-1/u

3mae=: m = hi/ho = v/u

Tgt h; 3R h, LT ufafde aur aeg &t $Hamsar g1 &FTes m et aref T ok FomaTer m & 9ref Ieter ufafed g1

SRR ST & g [ m | Y Gor1 1 @ 2| T G § A8 Y THH 31t of | 9 T SaeH v/u g, gdor 6 g3 |
3ifaRed o1 g gar g1

&ar: P = 1/f, 5l f ez & 3k P SriwR (D) & €1 I a9 hY &1HdT €T 3R 3fade chl kUM gidt &1 thichd
X T URATUT FSIdHT oA g1, SHFHERUT a1 STUERT I 3ifdeh I, 389 &R axg-fRAfa # ufafes &1 aer g smasas

Tall

8 M9 g1 Tfgd Tx=aTHeh IS0
IETETOT 1 U1 UhI N = 1 arell arg & n = 1.60 aTet Uard # i = 30° R U &ar g1 ¢ = 3.00 x 108 m/s o1

grds=c/n=1.875x 10* m/s| @ & ATT T sin r = (1 x sin 30°)/1.60 = 0.3125, 3GfW r = 18.2°| BleT &I
qfe ot ¢ foh fonvor sifieia <t o7 get1 gl aret ol Tehd s, Ufdfea g v & S1erT g1
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IEIET 2 I A9 1 4 cm St Hieft axg, 12 cm wird gt aret 3391 a9 & 36 cm aTS 3R 81

u=-36cm;f=+12cmi1/v=1/f+1/u=1/12-1/36=1/181 31d: v=+18 cm 3R m = 18/(-36) = -0.501 h;
=mho=-0.50x4=-2cml

gfafea o9 @ 18 cm T8 3R, ardfdh, Ieiel 3R 31 SRR I 1 I8 2F T g & 9] o feur-fmfor & A @rar g1
eTadT & fog f = +0.12 m, safeg P = +8.33 DI

IETET0T 3 JHaaed A€ 1 8 cm ST Hieht aF Top Sradel o & 48 cm 12 3R 81 Hichd gt ol URHATIT 16 cm Bl

u=-48cm;f=-16cmli1/v=-1/16-1/48 =-1/12131@: v=-12 cm 3R m = (-12)/(-48) = +1/41 h; =
(1/4) x 8 =+2 cml

yfafsa dg @ 12 cm a7 3R, 3myrelt, em iR ST g1 ag O MR F LG g f=-0.16 mT@I WP = -6.25D
Aear g1

u=-36 cmf=+12cmv=+18cmm = -0.5

Object

F R

2F L FL 0 2F R

Image

Solid lines: light paths Dashed lines: backward extensions
Thin-lens paraxial sketch at O; heights enlarged for clarity

ITA g, e80T 2: u = -36 cm, f=+12 cm, v = +18 cm, m = -0.51 &t ffa forzul areafaes, I 3R 3me 3merR & ufafde )

Attt §1 O UehIfRIeh Shg; F_L SR F_R 9T¢ T &4 hichd; 2F G hichd &4 81 I8 arg # Udal o ant utefia Fmfor §; Toedt &
ferg Sargat st fewrd ¢ €

u=-48cmf=-16cmv=-12cmm = +0.25

Object /

2F L FL 0 FR 2F R

Solid lines: light paths Dashed lines: backward extensions
Thin-lens paraxial sketch at O; heights enlarged for clarity

31gdel A, 180T 3: u = -48 cm, f= =16 cm, v = -12 cm, m = +0.25| 377 fohzul therd) &, @feh S fi® Teq faear O
3R F_L o offe e qur Sturd SeR o et ufdfea w e &1 dhg & Toradt fheor a1 e g faear Iadht 3 areft el
@1 R g uSdl g1 gél @1 Ueh1RT T Ui I g JdTei |
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9 HHTY TAfaal 3R gRIgfa

i Sifed T AT | UgTef 3 WR & ST YR STaadics i gomT e | T o opT Ufdfed Sa™ ¥ uget aeg i
fRfq S| T @ uget g oY 3R &mdT FepTe @ uget SR el Hier # aael | Tor 8t o9 o forg oft axg <t
R T R smaedT agerar &1 sid & it foh o @ el ufafda 6 ofi, feem sk seR foRor-fAafor @ a4« @rd €
BIE

3 U SIfAg
ITRATA U O Uget It &8 Ut g1 il

1. foRRoT ag @ i & Sifedd o ST TaT ahedt g | T Seetdl 872
A. dhad feam
B. =Tet, @ifehT feam 3R srmgf =gt
C. ohae Mgt

D. T 91d, 7 feam

2. 1 IV TR YRIA Ny = 1.20 ¥ n, = 1.80 dTet ATETH | a1 &1 sin i/sin r foham 82

A.2/3

B. 1.20
C.1.80
D. 1.50

3. IRATAH TEg I o 3R ITh [ehe aTet Hihd o & g | ITehT Ufdfee har g?

A. 3T, e ofR 3T
B. aT&dfdes, SeteT 3R BieT
C. ST, Ttem ok Ster
D. arfdes, Tt SR 8T

4, U 37adel o hl Thichd it —80 cm &1 ITeh &rmaT fohat 872

A.+1.25D
B.-0.0125D
C.-1.25D
D.-80D

5. 9ddl a9 & felT u = =24 cm 3R v = +12 cm g1 3maeA fohaar 72

A. +0.50
B.-0.50
C.-2
D. +2
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6. Qeh foReST foheuT IR thefeh! dTeft ehid chl Ufgehl UR &l 8, foiech AT ok arg g1 ffa foreor et 82
A. gReT ufgent & diead
B. SuRafdd, eriifeh araed =& giar
C. GHRAT Teh TIE Hichy h 37
D. smmufad feam & goiar $ik uref foenfua

TET 9fgd STRATAT

1. B — cidad STuaH # ST hlvT =7 1 9TeT R 3R avieed uRafedd giar 8; smgf awm gt 81 fohror &t g
3T gl |

2. D — 31U ny/nq = 1.80/1.20 = 1.50 g1 Shadl 1.80 A= TR Uge! ATEHH o STUAIAI Told ¥U 9 1 74 foram Sar
gl

3. A — {7 famol Shercht 8; die I1g1q 1Y faeaR axq areft 3R et 81 hiehd o sftar <l axg o1 areT Tt ufafes
a1 8, U R A= arer ufafss &1

4. C —Uga sga: f=-0.80 mI P =1/(-0.80) = -1.25 D | 0T fg SIU=ROT I/d1aT &; —0.0125 THIex 1 Terd
IUgHT e O Aetar g1

5.B — m =v/u = 12/(-24) = -0.50: ufafsa Ie7eT1 3R 377 3MTehR 1 &1 TUUT I 1 SifaRked o1 fRIg o= @ fem
Terd faerth

6. D — I thelehl UR 37UacH BIdT g | THIAR thelch 3R S8 THH HILIH g4 & 7o faar ded! 8, stafes ufgen # fore
T I foheoT aTe T iR FRrgeRd 81

L ic]

& dia: NCERT A=, @ 9.3.1-9.3.8, Afed 9. 146-158 1 ¥grIeh Atd: NIOS UehiSl $ail, @3 15.9-15.14, U.
339-347 | haet dehei1ehl Sifd: NCERT fehvur Uenrfereht, @ 9.3 3fk 9.5.2-9.5.31

feRzoT a1 SR T 3 IeTEUT

gl Y FdE o HR-UR foreSt faam & S ur ieft I 731 g2 o7 Fenell 61 39k G | & AT dTedt fohvol art & ame”
fAererd T srgafdd gidt 81 s fArfa fonor et e i ofiR Tter AR I 9T ot St AT iR <t 81 et
T gl 7Y, T R eI T 9 e gl
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« i 3R r if9ela & AT, deaa smuae # fohvor A8t gt

« n = ¢/s; 31 garrRfta sraad-ieh a1 a1ef uehter 6t e T

* Ny sin i = n sin r; AR @1 W srgfa srafRafda

« GHIAR ufgant SR 1 T J1eH: i fesn auiar; fave smuaq 7 ursf fomoe
« I H Udel ohld oh o d: S<IeT STHARY, Sadel TR

« ITA A 3R hiehy oh Hiax ardfdeh a¥g; STHRH, T, F7 ufdfed

« Tad A SR aRAfdh a¥g; STHRA, e, Bter ufdfes

« 1Y T ST¢ YRIST: IR a&g & felg u < 0; It f > 0; 37adet f < 0
edg: 1/f=1/v-1/u; m=v/u =hi/h,

«m < 0 &1 31 IeeT; m > 0 1 1 T, | m | SRR T SiguTd
«P=1/fH fftex & o; 3opTS BTR (D)

« Gdd @MY YehIT-UY FdTd! §; dIe ot gél 3@ st ufafea @ierdt 8
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A9 A3 gof fAggur ik yanifa gy

3T =T HEn

oY o STUac t gfe & ST, 4d UehIT & T H s I HRUT GHSTHT 3R argHSHAT STUdc a2 TehloH F 3R
AT I | haet TR 216 Eehr ITR A S TSI °SHT ohl ShIRUT GHST | TET o IaTgR0T Hiferen f1eror arft 8, ga-
ot ust gt |

1 A & Yeh1l hl ART
A5 A hg 3T fATTRe U1l ) IRT T R dhfgd &d &1

« SPITAT T TS Heel: YT ! URERAT aeh Tdg A7 H g7 aTet SIfAHRILT 37Uda- & ol ITRert g1

- gRaTRent 3R gaett: uRaRen &fw dft ue §; 39 o9 @1 g gaeit 81 gaeft ol SR dea & Hfiar S
Tt Uen1RT i AT =t gidt &1 gaet! i o " el 8l

« 73 o 3R ggaTeft AfNT: uRe:l, Ffen A9 wind ST g THASH T ¢ | gerTst afat <t fohar & of
TehdT 3R 3TfIY IAHT hichd I Tete &
- gfRuee ar eEAT: YHr-Hadt wRd W ufafds I79d1 81 3Tt hifAhTY fAgd Thd 1T 8, ST g i & AfIsh
deh Ugdd 81
e gf® & Ay A3 o1 Temifres o e R arafaes ok Ierer ufafeia smar 81 arafaes o aref g foh fomol g
gl fAete & | AfKISh Tohd chl STEAT T 8; §H I AHAT-ALR &@- T g Al giar| Ufdfea 7gor e aret
AT 3R geh1er i AT AR A arelt uRarRe ot T 9 9|si|

2 gHoF 4 Bihg AT R a1 @At @

S-S IR hl G & =7 J ST aTct fhRoT-USTl T STUERUT ST 81T g | e 3R AT o & oht g T
R gt &1 A5 Y AT SRR 3R hichd G T&eTche HHSTA hdl 6; HO hHRI ! a8 19 oht 3M1-D F&grenrens =81

R I a¥g < TR ggATT oivt fAfe gt € ok i v sk giaT 81 Ich! hichyd o3l gt 3R T et g1 urd
hl TEg ¢ R Uit Rigped! €, o9 31fdeh ash a1 Jiel giaT 8, hichd &3l g 3R &HdT J¢d! 8| ATG I, o1 ohl
&TFAT Hiex & ATdY 718 hiehd gt ol kA &

frepe fiig Te ofik smREre gf® & =g gt §; R faig a8 s1fehan gt & STgf ao we fi@rs a1 81 amm=
UTSIYEAhIT Arsd & U1 g® aTet a1 aa%h il fehe fag et 25 cm SR R foig orFa R gtar 81 & Texf A §,
&R AfeRT 3R gR 31 & oI foreepet T 1T 78|

ach afgd IETERoT 1: A7 R o U T Y&k IR hichd el 8| T e il Fagen-m =nnfgy? =&t urg &t g&aah & fog
3R HfHTROT F1TEY, 3Ty THSH T o9 6l hiehd g3 Tt &1 chad Jdell DI g I Jui- YehIT-fAI=07 Fd1aT &,
hichd el <hl Ig Ufehar gl |

3 gf® gy ofik & & W=

Gemech o g 9 Ugel THg) foh foheol ahgl ATt 3 TRt UehIfAeh Aisd o, fohedt caferT ot Av1-Mam e ar g
T <t fafer i

Rrehe-gf® atw a1 arafoa: gz &t aegait &t faol et & amm A €, safoy 3 Jueh Red &1 R fig diffa
WR I g1 STl AFAFRY &HdT AT AFTeTeh chl 31fdch TialTs SHRT hRUT §1 Hehd! g | U T aTell Iugerd
STTA AH gl AT dTelt fohoTl l SITHTRA T 81 38k I1G TG o Ivo dgd Ugel hisd el oh FoTid AT R
hied Fear gl
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TX-gf® a9 a1 grsu=AcifaT: 9o Afsa # urd &6t axg & forg fSamr sifeeRon =nfgy, 33 S 61 & urdr; ool e
% UIe ATl | Fene foig I Tasf ot O o1t gia1 &1 A SIT9ERT &/dT a1 A3 TicTeh hl BT §I-T 39ehT hIRUT &
Yehdl &1 Y-TTcHh &1 dTell SUYeRT S o1 SifdRer S1fHeRor &ar g, f9a ufdfde e iR s=a1 81

SRT-gXg RdT a1 AHaraifoaT: Mg S+ IR R A3 o bl AT gedT & 31R Thichd SGel hl el hH
g9t gicll &1 JHST A g4 § U ohT BUT UTS TE &1 hidH gidT & 3R e foig g gedr g1 urd 3w & forg
SR TR A TS I +RUTS X hdT g1 TG U 3R X o ol q STeT-37enT demte a1fey, af fgwiedt g
QT JUSTY el FehdT g | SHRT X &= ATl HHT AT TYU & e el 81dT; T &L & o foig sraferd deied iR
AR 81 damaifiaT SiR grsuRACUaT &l urd i 3f® uIfad e Tend 8, AAfcheT Sich el ShRUT STl 8

a<h afga IaTeoT 2: Algd A7 A R § I aTell GHiaR fhom ot AT & uget hied ohdT g1 Aisel 43 B Urd & U1s
Y Rzt et e & Ui dhfed searl A # URfNeR ifeRor &d T 8, fSaes forg sraae danys Iuge g1 B |
sifafea sifraror aifgy, foreds forg e deiiem Sugad &1 “aiAt ot ufdfee T ur gt a1 a1 91 ag =18l fok gt
& Ueh &t 1Y =T8T

Uncorrected focus positions in a simplified eye model
Grey line: effective focusing by the cornea and lens

Myopia: parallel rays from a distant point Retina

Focus

Hypermetropia: rays from a nearby point Retina

p———

Would focus

Dashed lines beyond the retina are hypothetical extensions, not actual paths

Conceptual focus diagram only; not scaled eye anatomy or a prescription
A3 T STURUTHB JAT, ATATIIR RR-TTT g1 | FOR: G h foig hl TrTiaR fohwot fAche-gf® gty & e & uget fAerdt &1 =
OTd & feig &t fomul gz-3f® aly o Afse 7 AT & Ui e, e o uR g T shredf=iah fIeaR 81 SR Sugad Siadd deieeh
IR 3R i It Genereh SIfRORor Siisar g1 (== a3 o1 u=t el &l
4 forsw gt @ SufA T 311 AT 8

Brepiofta ia o O & STgdadeh theleh THIAR a1 gid | fohror uaer ofik fAefee R sruafda gidt & aur st smRfdes
fe & et e uTed et &1 A TehIST & SHEHT-31elTT il & fAIY i o1 SrUad-ich 31T gidT 8, Safery e
faaer ot s glar 81 T a1 S1eT g aut-fagiaur Sik s+ $ie St qofsh et

arg 7 @ YR BHentofta srida Oed & a1ex Fare atet I & forg, amm=a gea gof-fagaor 6 g2 & w1t a1 faaes
eI TH R T T T 34 g7 81 39 g% vard $iR &R avneed & forg urdiifaes w7 791 ST, ST,
e, &1, dite, ARt 3R el Yidurses A &5 ; 337 oichA ad gidT 8, |id T HiArsf # s(er g1

Uget fUSH o TTaeT IeAcT 3@ 1T, Hel &7 § THNSIT GasT JAT fUSH 31T 3T ent fOhe fAeTehR §d UehIeT & Hehal &
399 WE giar & foh uga s smufaa ueersr & IufeAd geeh S1elT &hedT §, 7Y A1 J-TdT ol | ek gt 7 cht fohror
Safdd g Tend &, cifchT 399 d UehIRT T GXT qUIchH @l §-1dT|

5 uTAfAeh Eguqu i a9a1 8
TIfAeh Uy H STeT ! gal o Hiar I8 A gidT &
1. UaT S 99T G T Teh1RT STuafdd ok qui-faefia giar g
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2. UehIRT 1 G AT & ehl Hias! el g 9 wrrafdd gidar g
3. IR T T 9 ftRr sTuafda giar g

31T AT et et # Feherd &1 gd Bater & die 3R & T 819 IR Iuger fahvul siial deh ugden g &l faudid
f&em & St a9 ST €1 urafies deey # A aredt iR SiR ST i) fohR iR glar 81 SriaRes WRrerd= 39
REAT T TGk T §; hael “IAUId" g1 YT §| Tg U YUl SHiaRes TRIed= g1 3aaeh el |

6 argHEAT 3uaed SR femfenrn

g T SUdiich ITeh T 3R ATTAT oh HIY Feeldl ¢ | I&eld! argHS T Ul § ol feor ggdi 8, gafery a%g
T ST R areafaen (R & sre gt wendt 81 faifasT & Fiehe aRT amT=aa: Srot areafaes feam & e fewars &ar
g1 3 uwTe & ST galed 8 $8 Ugd SR U gaiRd & $© a6 ddh 93 &@Ts & dehdr gl

AT 1Y & HRUT 3RG Teh Uga alel dRIURI & AN 3R Ih! FudT TR d&eTd 8| g & I aRT i fag-
i ST glaT 8, 3TfoiT 37 Jearal T ITh! THeh § WE IdR-derd Ui fReafearmr fgar &1 ug &t sl e &
3reh faigsil & 3 aTel Uemier & IaR-Tera HifAh U & e gt Siid 8, 3afeiy U8 HId: agd A feafeAmar 8
“77g ot 78T ferfenrd” Sar fRder e 7 SroATd|

7 uhiofer & afrentar ok gafa & &1

STULSHT AT RUT ok T Sid:fehaT & Uenter et e feamstt & gafiiRra giam udhivfa 81 ag firew gRT sruad= @ &t &t
31t feemant # diest O arerv ufthan 81 arg o 37] BIET 3T qLNELT el Uehvi S8t aveedt &ht gt d agd 3ifeen
T B | SATRIRT ch STTT-STeT Gt & =fiet I § g UhIfOia GUURIST §HR U AT 8, SHfeI ITh & et Sirenter
e fezear g1

gated a1 gafed & ure T Ghventer argHed # Sifdie e A1t a9 sedT 81 ITh! BE aTe et dl 987 9HT WY g
Y 18R UhIOTa g STIdT & | G <hl fam & <= g3 Went2r STUelThd dlel 3R AR # T35 glal 81 I8 &t avneed-FaR
TehTofe eht uRumTe &; G SraTieh hael Tel TehTRT ST {[% gl hedT| et 3R sTed fowars 3 aret I saet dohd &l

T afga ISER0T 3: argHsd & HUR fh Nateh doh GAUHIRT Ugam chl chedT hi | AT JIgHSH A g4 I JAUHILT
QR 3ATeRTRT <ht feemait & Uehifoia glem gl 11T, Safey SrauTy oht SiTemier 3TeRT feadt 81 g fhe ot Iwehier gt Tenar
&: " STERT STeRIRT” T 37 “GAURIT T 9T &l 8l

T YRUT] SIAQ
« T F31 Ydett o1 31 feh TS 82 7T61: Ueh1RT UALT 3R thichd THIIS 3T il &
« T AT GRT Hehdl chl AT B4 & AT a1 Uffeiar STHRIT 81 SiraT 82 A81: fohzul AT R Fonga e &

« 1 FeATEATT SR YT SHTeRT=T Teh &1 Ufehar & gid 67 7Tal: SadldT Suad- geaa: feAfeamr Sk uehiv e
3{TeRTT THSTAT &
« 7 OIS 91 ¢ F7 §9771 87 A8l 98 Ugel ¥ SUufd Idd JT-UY 37T el &

3t gHET |ATfRAY
ITRHTAT U ¥ Ugat Tft &8 U g &

1. 3 R HHR & U & Aelel TR Hlehd Sl g1 hiH-AT URaAH GHSI Id1dT 82

A, e S o e

B. 3fr aifres sk gt & 9k SR e gt Treelt
C. qerelt RS T o o &

D. e e ot & st &
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2. Qo Hise A A g h ool Aea1 @ uget dhfsd gidt &1 fora Tt o1 usma 3R 82

A. SIITRUT S 1T I A
B. 9} foReol gem aren THde did
C. 3TIEROT & gTelT faddl o

D. 9Q 37 &1 arelt fieH

3. U & UTS I 31 aTeft fohrul Atset A o A1 & dies Aerdi| 3 ugel e § oar ggrae 87

A. SIITROT S 1T IA A

B. SIUTRUT d&T+ dTal STadd o

C. e Y gar &

D. Gefl @t gep dfAehT a1 &
4. §d USRI arg H 3 FreRoT Brentofig e fOed & vasr sedr ¢ 1 9 g goi-fAgqur gidr g a1 dre SR e
T aTER FAcherd €1 hF-TT U Tal 872

A. ST & fererer @irer @ & gt @

B. & & &l e SRTeR g1 =1iey

C. opra T ST FHT0T hear &

D. &1l &1 ferarer ST & & giar 8

5. Ug AMHTId: dR i Jo-T | A ol [CAfeHATT 82
A. g1 ehT ehlg TehTT 3T ek g1 Ugadl
B. g &l ST fE%en & Srat foigatl oh UehIST ol IAR-TgTa 311k & & fid gl St &
C. 7§ argHesd & aTeR 3R R offer §
D. chael ARTUSHIRT T U g Tehdl &
6. gatea & ure ter g anfor forg =it iR gepar &2
A. GF BYE aEEeaT 1 IS §& R T &
B. arg <l 1 ST 8
C. o argHseia A1f # S aneedt et agd-a1 Uehier Hd gsT F agx uhifvia giar g
D. i W e @ ufafsa dier gt sirar @

Tt |fgd IRATe

1. BI U thichd & foly S1fdreh SIFHERUT 918 Q| &9 hl IehdT dael- © Whichd gt I&ald! &; FeHT T 2R 8T 8|
2. C| AgIfuaT o Aiset # foheul sigd ugel fAetdl 6| Sradel ¥ Sgert o ol URfHeh SfHER0T hH el gl

3. Al ERURACIUAT & fAehe-gf® Afsa A sifafked Sif9eRoT hiehd ant AT i SR AT 81 SifdRe STuTRoT I8 iR
3R TTEm|

4. DI ag # 7@ 39 Brentufia s s & 9= g7 auf-fAgigur & swrur smex Reretd @rer Uenrer e faerer St &
hH BT 8| THIAR helch! aTel! UfgehT | Ag! et chiviy foaer gl gidl

5. BI ST el U1 argwed & ToRdT g1 a7 foig-ata ar &t g # Ug <l faxga st {3 gt fenfenmge
PrCi]
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6. Cl 5 gQ T 4T # et 3R AR AT SIFUTd g1 &1 Uehiof Hemier et GATaRoT hedl &; Td IR A1 Al IHsi g
&l el

R

A GHSH § Hiehd hdT g; U1k Hiset & TRNUdh ag SifATR0T &1 3R Sk et &1 fOrew I o1 qof-fagiaor ahzar
8, daf # SruadH 3R 31idRer WRIad AT gid 8, Jaeld! arg AHSHT 3Ted- Jcde ehdl & 3R Hehof GUTeRILT Al
PRIEERYUEEGI]

Gia iR Hiar

3MYR: NCERT fasi 31e9m@ 10, The Human Eye and the Colourful World, G#g0r 2026-27, @€ 10.1-10.6,
9. 161-1691 gui-faguor ofk 4= & Ared & ferg NIOS Light Energy, @ 15.15-15.16, 9. 347-351 +ff 3| gafa
! AT | ae - ehtol &t e argrsetta anf ur @ fohar wat 81 earead SR srears g Hiferss €1 ure ust
Y G et T SIgAT a1 Rfhcehia TeiTg 81 &dTl

foRvoT T1 SraURUN =T 31 IR0

ShHR <l JeT=TT 9 31T oh ehrd THeH: Goell Uk UaiT ot (g 3R e ufafds ugur e arefl ddg &1 difcha R &l &3
OfehdT A5 TR AN A B | AT =45 oh FHO | I o9 hl dchdl S&aldl g 3R Ag-<TeHAT g T ¥R W6t §; iR
& i ! FEgem arelt fafd 35 6 wiena-fafd 78 81

T 3R 1 Hfdrey dgof
« SIfaT: SR STuad-; TRATRT/qdet: WenteT fAE=oT; feAT: aRdfde Iader ufdfaa
« UTS thichy: Tk oId aehdl, T thichd &l, STfdeh erAaT
« T gaT ga%h i deof: Mene foig @ 25 cm; R feig g
« ATAOAT: g Al foroTt AT Thichd RfEHT T Uget; SKUTIcHeh &THdT ohl STadel HRNe
« BIBURACIUAT: U i fohvott ap1 thiehd AT o OIe; eFTaHh erdT T Idel dRie
« USTIOT: 31y S T GHSH geT

« arg | Breptofta e fOss & 31 916R FMehed, W g39 qui-fA&iquT gt ATeT ol Tl &, ST a1 Fad 3ifeeh
ICECE]

« JTIfH 4y U3 WR 37uacH 3R guf-faguer - siaRke wada —» e o smoada
. ferfeamT: seerar argrseta sruade; e e SR et gaid: uehiv
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Optics Review / UehtfA<hY srvamd

How to use this review

Attempt this free, original learning review after the three optics lessons: Reflection and Mirrors;
Refraction and Lenses; Human Eye, Dispersion and Optical Effects. There are 20 questions, each
worth one mark, with exactly one correct option. The review is untimed, with no negative marking
and no pass cutoff. A suggested 25 minutes is only a study aid, not an official examination duration.
This is not a full RRB CBT simulation and does not reproduce official CBT scoring.

Use real upright objects unless a question says otherwise. Mirror and lens calculations use the
paraxial model (rays close to the principal axis); lenses are thin and in air. Incident light travels from
left to right. Under the Cartesian convention, distances to the right are positive and distances to the
left negative, measured from the mirror pole or the lens optical centre. Thus u < 0 for the real
objects used here. The sign of v must be interpreted for the particular mirror or lens, not guessed
from the word “real”. Angles of incidence, reflection and refraction are measured from the normal.

Before viewing an explanation, record your choice and one reason or calculation. Then identify any
error: normal versus surface, object position, sign convention, wrong mirror/lens formula, unit
conversion, image nature, or confusion between refraction, dispersion and scattering. Revisit the
relevant lesson and retry the missed question without looking at the answer.

Y 39T <kl SUGHT hd he

g f:Jeeh, Hifoldh STEa SI9ATH TehTIRIch! o i1 UTal & a6 ehe: TRTAd 3R aUT; Sruad ofR o9, #a 3=, aof-
fagaor 3R yeRrita uwra | et 20 U €, Udeh Toh 3ich T ¢ 3R 83 U | 81k Uah faehed Tt g1 31T T a7a-
T, KU Sieh SR Il WA & 1 1Y 1Y 25 e hadt S1eqa-9gradT &, SfAehiRen aier safd g1 | I8
QR RRB el T 31ervun a1 & 3R ITeh! SMTfAehTRen 3feh-eaaeT et g ale=rdl

STE deh U $© 3R 7 the, a%] drdideh iR Ireft 71| Uor g1 9 ht TOMHTSH § Y& 3187 o UTH T are! fheuT
Yfdehes UV, oI Udet 3R gaT & g1 SMufdd UehIr a1¢ € &IV TeldT g | dIdid g URuRT # &UuT & ga a1 o’ &
TehTIAeh ohe I &8 37 chl GRAT YT 37R T3 STR <l gRAT UM & | TG TgT U T ideh a¥ga3il & g u
<081 v & Rg adur a1 39 & TR THE, hddl “IRafdeh” eg W STA 7 Y | ATUdH, TR 3R 31gad—
HioT SHfAetd § AT ST B

R & Y Uged S(UAT fdehed 3R Yeh ehROT AT 10T foid | fOhR TTetel) ugam: ifHeia 3R Tdg ol Y, a% ol
ffa, Rig w1, gdu-39 &1 Ted o, A uRkad-, ufafaa st epfa a1 srad, qui-faeigor sik udhofa & am
Geifdrd s fo g 3R IR &= o1 PeT U eI et ahi|

Write your chosen option and a short reason in the space after each question. Identical choices are shared

by both languages. / U U%l & d1g AT fdehed 3R Btel Rl ford | F9 fdehed a1 {ToTe )R AN 81
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1. Aray strikes a plane mirror at an angle of 28° to the mirror surface. What is the angle of
reflection, measured from the normal?

Qe foRvor Wt et &t W d 28° T 10T ST gQ S9 R uSdl 81 31fieier @ #1ar mar urred= ot fraan
-4

Option/faswea  Shared choices / T fAsea

A 28°
B 56°
C 62°
D 90°

2. Parallel rays fall on a rough wall and are reflected in different directions. Which statement
best explains this?

iR fReol Geedt dar uR uge srert-oren feansit # wrrafda gidt &1 swert ad sFeor @ &2

Option/fasea  English &

The local normals differ, but each FeTTT-37eT feigail R SfAeid 3rel g1d &,

A reflected ray obeys the laws of o ot gR wRrarfeid fehvor uRrerd= & fam
reflection. A 81
The angle of'reflection is unrelated to b Yo

B the angle of incidence on a rough T S SR A BT
surface.

c The wall sends each ray through its IR Tcdeh fehvur e famT IRTerd o 3ot
surface without reflection. R-UR AT &t 81

5 Each reflected ray must remain parallel & WRrafdd fehzor @l srcht goft orrafcfa
to every other reflected ray. foRzuT & THiaR Jg= =nfaql

3. A person is initially 1.5 m in front of a fixed plane mirror. The person moves 0.4 m directly
towards it. By how much does the distance between the person and their image decrease?

Uk efert fRR g9ae gdor & I = | 1.5 m R 81 ag e gdor i 31k 0.4 m 9aar 81 aAfa ik 39
ufafda & di= 6 gt frea=it et &2

Option / fasrea Shared choices / 98 fasea

A 0.4m
B 0.8m
C 1.1 m
D 22m
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4. A real object is placed between the principal focus F and the centre of curvature C of a
concave mirror. Which description of its image is correct?

Uoh arfaeh a%q 3Tadd 40T & J&A hichd F 3R aghdl dhe C & fta &t g1 a9 ufafsa &1 sa-ar aof=
et 8?

Option /fa&#a  English e
A Vi.rtual, erect and diminished, behind the el e aiR Ster, @dor % S
mirror

Real, inverted and diminished, between F gredfaeh, Ieder 3R Bier, Faur C &

B
and C i)
aTdfereh, IeTeT SR FHI TR I,
C Real, inverted and the same size, at C
CWR
D Real, inverted and enlarged, beyond C aredfaen, Ieter 3R 981, C & UR

5. A concave mirror has f = -16 cm. A real object is at u = -48 cm. Which pair gives the image
distance v and signed magnification m?

Ueh 31aad gdur il wiehd gt f = -16 cm g1 aRAfdeh a¥g u = -48 cm WR &1 Hi=-|1 siter ufafde gt v ok
Rg afga smad= m gamar g2

Option/fawea  Shared choices / ST fRAsea

A v=+424cm; m=+1/2
B v=-24cm;m=-1/2
C v=-12cm; m=-1/4
D v=-24cm; m=+1/2
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6. A spherical mirror forms an image of a real upright object with signed magnification m = +2.

Which statement is correct?

Uk ety gdur arafae dieft axg @1 ear ufafa a=mar @ Saer Rig afga smada m = +2 g1 F=-wr =
qg 8?

Option /fa&#a  English f&d

A The image is real, inverted and twice as vfafde arfden, Sefer ok aeg &
tall as the object. S Fard T 8

5 The image is virtual, erect and half as tall yrfcrfeier ammaret, Tfem SR awg & ameft
as the object. TS HI B

c The image is virtual, erect and twice as tall ~ Sfdfsia s, e ok a&g @ S
as the object. TS & 8

5 The image is real, erect and the same gfafee areafae, et sk a?géﬁ
height as the object. A $TS ol B

7. A convex mirror has f = +24 cm and a real object at u = -48 cm. Where is the image formed?

Uah I &U0T & fAQ f = +24 cm 3R areafaes asg & &g u = -48 cm @1 ufafea &gl a=m?

Option / fasea English fad
A 16 cm behind the mirror U & 16 cm A8
B 16 cm in front of the mirror YU & 16 cm I+
C 48 cm behind the mirror gUuT & 48 cm Ui
D 48 cm in front of the mirror TUUT & 48 cm T

8. A concave spherical mirror has a radius of curvature of magnitude 36 cm. In the paraxial
approximation, what is its signed focal length?

Qeh 3 el gt Y ashar fsar &1 aRATor 36 cm g1 9% 3181 & Ut I areft faRon & afade d
Iad g afdd wiea g fra-t &2

Option/fasea  Shared choices / T fA&ea

A +18 cm
B -36 cm
C =72 cm
D -18 cm
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9. A light ray enters ordinary glass from air at an angle of 40° to the normal. The glass has a
higher refractive index than air. What happens to the transmitted ray?

RIS &Y Qek fahroT gam @ STuRor shra d Sifreia § 40° 1 10T ST §Q TAN FeAT &1 i T Saact=ieh gal

@ 3ifder g1 TafRa fomror & a1y e ghm?

Option / fasea English

A It bends away from the normal and its
speed decreases.

B It bends towards the normal and its
speed increases.

c It bends towards the normal and its
speed decreases.

5 It remains undeviated and its speed stays

the same.

&
Jg Jifieid 9 g gt & 3R IFhI a1e
gedt gl

Ig SHfAetd Fi 3R gedt & sk ITht
TeT St gl

Ig SfIcie i SR gt & 3R ITh!
Tl "ol gl

3Igch! feam T8l sgetd 3R It aret
off 9o @l 81

10. Light enters glass from air exactly along the normal. Which statement correctly describes

the transmitted light?

UhIT §aT | hid H SYeh TN oh A UA2A el §1 HARE Ueh121 ol hi4-971 goiq Tt 82

Option / fasrea English

Its direction is unchanged, its speed

A
decreases, and its frequency is unchanged.

5 Its direction bends towards the normal, and
its speed is unchanged.

c Its direction is unchanged, its speed
decreases, and its frequency decreases.

5 Its direction and speed are both unchanged

because the incidence is normal.
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fadt
IqchT =1 18T Scerdt, aret gedl §
3R g 8] Tt

gg fAeid i 3R JgdT 8 3R
I ATA 8] dgeAdt|

Igeht feRm 8T seerdt, aret uedt &
3R amgfa off get &1

Srf VAT MU & hIRUT ITh!
fe=m ofR =Tet gAY 18! sgerdi|
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11. A transparent medium has absolute refractive index n = 1.25. Taking the speed of light in
vacuum as 3.0 x 10® m/s, what is the speed of light in this medium?

Teh ureeft areay vt fARder sraad=iias n = 1.25 @1 fRafa & werrer Y =1t 3.0 x 10% m/s 919 R 59 Areay |

TehtT i Tt fohat &2

Option / fasrea
A

B

Shared choices / 99 fasea
3.75x 108 m/s

2.4x108m/s

1.25x 108 m/s

3.0 x 108 m/s

12. A ray passes obliquely through a rectangular glass slab with parallel faces, with air on both
sides. Which description of the emergent ray is correct?

Qeh foRROT AHTAR HeTehl aTelt STAATRR hid Ft Rieelt @ farest gienr ore 1 €141 avw gan g1 Frfa forzor @t

-1 guiq g &2

Option / fasrea

A

English

It is always perpendicular to the exit
face.

It is not parallel to the incident ray

because the two faces act like a prism.

It exactly retraces the incident ray
towards the source.

It is parallel to the incident ray but
laterally displaced.
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Jg BT e (Ache aTet theteh WR
ieed gt gl

ST heten fOroH &l aRg & e €,
3gfaT ag mufad fawor & gaiar =gl
gt

g Srafdd fohvor a1 It Eteh IeTeay
I & 3R wltedt 1

gg 3mafad fohvur & TR gidt g, «tfh
iy w=u g fawnfug gidt 81
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13. A thin convex lens in air has f = +24 cm and a real object at u = -72 cm. Which pair gives its
image distance v and signed magnification m?

&aT # Uah Uda I o o [ f = +24 cm iR arafda asg & g u = -72 cm g1 ;-wr siter ufafda gt v
3R g afgd smad m garar g2

Option/fawea  Shared choices / T e

A v=+36cm, m=-1/2
B v=-36cm; m=+1/2
C v=+18cm, m=-1/4
D v=+4+36cm; m=+1/2

14. A thin concave lens in air has f = -30 cm and a real object at u = -60 cm. Which description
of the image is correct?

&aT # Ueh Uda e 9 o fag f = -30 cm iR arafaes avg & fog u = -60 cm g1 ufafsa &1 s=-ar gofa
g 8?

Option/fasea  English &
A v =+20 cm; real and inverted v = +20 cm; ar&dfaeh 3R Ieer
B v =-60 cm; virtual and the same size v =-60 cm; ST 3R YA 3MThR &l
c v = -20 cm; virtual, erect and one-third v = -20 cm; 3merrEt, et 3k gah-fags
as tall FTE ol
b v =-20 cm; virtual, inverted and one- v =-20 cm; ST, IeeT 3R Uep-fagTs
third as tall TS

15. A thin concave lens in air has a signed focal length of -125 cm. What is its power?

&1 & Ueh Uae! Siadd a9 o g afga wlea g8t -125 cm g1 3Tt eman fhat @2

Option / farea Shared choices / 99 fd&ea

A -0.008 D
B +0.80 D
C -125D
D -0.80 D
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16. A normal eye shifts focus from a nearby object to a distant object, both within its clear-
vision range. Which change helps focus the distant object on the retina?

Qo 9T A 0 e gfe-Hir & fiar i ure fir axg @ e gereR R i avg R R wRar @1 d-an
afRad= gz &Y awg ot e R Higed et | Agg FRar 82

Option / fasea English fed
The ciliary muscles co.ntract, the lens gemTef) SR Rigredt 2, s wier
A becomes thicker and its focal length 2T 2 ok ST T o v 21
decreases.
o gerTeft ofRrat e gt €, <9
B Th'e ciliary m.uscliles relax, thfe lens becomes T BT & R S e g
thinner and its focal length increases. 2
c The retina moves backwards to meet the I FA 36T & 3R fe ufafds
image while the lens remains unchanged. deh uge o g dies feargend 81
b The pupil itself forms the image by Gaell 3 & chY S7Tg ekt T
replacing the eye lens. BIDICEEEICIES

17. In the basic school-level model, which pair correctly matches suitable corrective lenses for
myopia and hypermetropia, respectively?

freea-wR & ge Atea d sasn: Rae-gR v (arifa) ok -3 giv (greuiciiuan) & gur & g
&HF-TT A9-SitST 98 82

Option/fd®ea  English fed
A Convex; concave 3ied; Sfddel
B Convex; convex 3iel; 3el
C Concave; concave ST deT; ddel
D Concave; convex ST deT; 3l
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18. A first glass prism separates white light into a spectrum. A second identical prism is
suitably aligned in the reversed orientation so that all these colours pass through it and
overlap again. What can emerge from the second prism?

UG ehid T OSH < UhIRN hl Gufshd H 31T shedl g1 SER I fOeH ot 3o sifAfa= # 39 ueR w@n
SIrert @ foh aoft &1 3E oRaw o g a1y e sd| g e @ o et aavar 82

Option / fasrea

A

English

White light, because the component
colours have been recombined

Only violet light, because it was deviated
most by the first prism

No light, because one prism permanently
destroys the colours

Only red light, because the second prism
must absorb every other colour

fedt
AT URILT, Fifch ITeh geah I fthe
[EERIE

hael ST TeRTeT, aifeh Uget firew A
3 99T 31fdes faaferd fomar ar

IS TeRIRT Fal, Fifch Teh fOIoq T ot
R FUF T R AT

haleT cITel RIS, eRiifch gaR fisH @t
STEhT B T 1AM AT 81 BT

19. What best explains why a distant star appears to twinkle when viewed through Earth’s

atmosphere?

geaft & argHEd @ 3@ R R & arT feafewrar i e ar 82

Option / fasrea

English

The star repeatedly switches its light
production on and off over very short
intervals.

A fixed plane mirror in the atmosphere
reflects alternate rays away.

Changing atmospheric conditions vary the
refraction and the amount of starlight
reaching the eye.

The eye lens splits white starlight into
colours by the same process as a glass
prism.
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fedr

R g BIC SHARTeT TR YT TehILT
AT IR-IR I R && Al 81

argHed | Yo fRR e guor 9kt
I & foRron ot gEt oIk wRrafda
CaGIE]

Jeatd arsey fRAfaaT sraad= ok
3G deh Uga aTel R o UehIST i
AT FEAdt g

I G g & Oow arelt ufehar O 29
TRIYCHILT <ht T | Siedr gl
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20. On a clear day, why does the sky away from the Sun usually appear blue?
Tk f & g @ R et srrepter amEE: Her ot s dan g2

Option / faeea

A

English

Air molecules scatter red light more
strongly than blue light.

Air molecules scatter shorter-wavelength
blue light more strongly than longer-
wavelength red light.

A single atmospheric prism separates
sunlight into one fixed blue band across
the whole sky.

The blue colour of the oceans is the main
cause of the sky’s colour everywhere.
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gaT & 3] el  3feh TeT WehTer e

gehofd &ed &1

B4 & 3] el AATGE aTed <Ted HehieT

&Y g1 A BIC aTee aret et TehleT

1 31Tk Tehtofa ad g1

YeRILT Shl UR SATRI H e R el ugh
# qfear gl
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Explained Answers / @aredT Ofgd 3R

One mark per correct answer; no negative marking in this learning review. / g 3R U eh 3ich; 39 eI
3T | FUMHG 3k T8l 8l

1C
The normal is perpendicular to the mirror, so the angle of incidence is 90° — 28° = 62°. The reflection
law gives r =i = 62°. A measures from the surface instead of the normal. B doubles the given angle

without finding i. D gives the surface-normal angle, not the reflection angle.

JfAede gUUT R Aead gidT &, 3YfeIT MU hIuT 90° - 28° = 62° §1 R & HAA I r = i = 62°| A § 3 &
I g & ohivT foram 7T 81 B # i fAchret forT 1&g ahtor vt QR foham T €1 D |dg SR Af¥icisl o & ol ohlvl g,
TRTIA <hI0T -Tg1 |

2A

Roughness changes the direction of the normal from one point to another. At each point,i=r
relative to that local normal. The different normals produce diffuse reflection. B incorrectly discards
the reflection law. C describes transmission, not the stated observation. D would fit ideal reflection
of parallel rays from a smooth plane surface, not this rough wall.

GRERTTA B & STeT-31eA foigatf R rfoede chl fam seetd ¢ 1 Uden foig tr It wiiig srf¥eie & |rder i = r giar gl
3T SfAeiat o hRUT fFIGRT TRIad gla1 81 B # Wiad= ot fSaw era &1 9 ®is f&ar mar &1 C T=Rur &1 guie §, &
TS GeHT T gl | D fRep-t IHde Tdg ¥ iR fomurl & masfl tRiadH & 3gd 8, 39 Qe &R & ol

3B

The image is as far behind a plane mirror as the object is in front. The initial separationis 2 x 1.5 =
3.0 m. The new object distance is 1.5 - 0.4 = 1.1 m, so the new separation is 2.2 m. The decrease is
3.0 - 2.2 =0.8 m. A counts only the person’s motion; C is the new person-mirror distance; D is the
final person-image separation, not its decrease.

T 40T H ufdfed Ia-T 8t I8 gldT ¢ fSia-t g3 a%g 9 8l 81 Y= hl & 2 x 1.5 = 3.0 m g1 Ak I 75 gUur-
@ 1.5- 0.4 = 1.1 m g, 3ufay eafer-ufafds 1 78 & 2.2 m g1 &t 3.0 - 2.2 = 0.8 m &1 A Shdd &fa &1 0.4
m faermoe e 8; C eafery SfiR gdor &t =18 gt §; D aafa ofk ufafda ot sifam gt 8, Iaeht st =1t

4D

For a concave mirror, an object between F and C forms an image beyond C that is real, inverted and
enlarged. A is the usual convex-mirror case for a real object. B belongs to a concave mirror with the
object beyond C. C belongs to an object at C. The object position is therefore essential; the mirror
name alone is insufficient.

3qdd gUur # F 3R C & g 3@t a¥g o1 ufdfda C & UR ardfdes, Iaer 3R 981 §9dT 81 A ardfae a¥g & forg 3ae
EUUT T T ARUTA g1 B $/add qUuT # C & UR 3@ 9% T GRUMA g1 C # a3 W C IR g 91fgq I iy a%g
! R Agaqul ; chad qUUT o1 TR ST vaftd gl |
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5B

For a mirror, 1/v=1/f = 1/u=-1/16 + 1/48 = -1/24 cm™", so v = =24 cm. Then m = -v/u = —(-24)/(-48) =
-1/2: areal, inverted image of half the object’s height. A reverses both signs. C results from
incorrectly adding 1/u to 1/f. D gets v right but uses the lens magnification formula v/u instead of
the mirror formula -v/u.

gdurh fag 1/v=1/f-1/u=-1/16 + 1/48 = -1/24 cm™, 3/d: v = 24 cm| fk m = -v/u = -(-24)/(-48) =
-1/2: ufafds areafaes, Ieter 3R axg &t aneft $arE w1 g1 A H &l g Idfc g &1 C H eredt & 1/f | 1/u Sie fea
T g1 D A v gl g, Afch aUur & —v/u & IS i T STaeE 93 v/u & far ma g

6C

The positive sign of m means the image is erect; |m| = 2 means twice the object’s height. With a real
object u <0 and mirror m = -v/u, m > 0 gives v > 0, behind the mirror, so the image is virtual. A
ignores the sign. B confuses 2 with its reciprocal. D gets both the image nature and size wrong. A
concave mirror with the object inside its focal distance can produce this image.

m ohT G-I g adrar g fos ufafsa Her §; |m| = 2 a1 oref axg & aR[H! $918 81 aredfdes 9% & folg u < 0 3R
ggurd m = -v/u g1 3afely m > 0 8 W v > 0 fAeran g; ufafde gdor & fi& st a9ar 81 A fIg @t se@r dear
&1 B # 2 &l STiTg IUhT kA foram T g1 D # ufdfeid i epfd SR SRR &1 Tid & | thichd &t o iax I&t a%] &
forg sraaer gdur Oar ufafss a1 gerar &1

7A

1Nv=1/f-1/u=1/24 +1/48 =1/16 cm™, giving v = +16 cm, behind the mirror. Also m = -16/(-48) =
+1/3, consistent with an erect, diminished virtual image between the pole and focus. B assigns the
wrong side to positive v. C comes from subtracting the magnitudes 1/24 - 1/48 instead of using
signed u. D combines that magnitude error with the wrong side.

1v=1/f-1/u=1/24+1/48 =1/16 cm™", gAY v = +16 cm, T gUoT & G| AT & m = -16/(-48) = +1/3
& U8 4d 3R By & &g a1 Y, Bie, st ufdfde & At @rar &1 B # g=1Heh v & folg Tetd ke I+ 718 81 C A
fag afgd u A & ot gRATOT &t 1/24 - 1/48 & =u & ger™r 1T g1 D & gRHT0T 6t gt Terd! 3R Ted aith,
g 8l

8D

For paraxial rays, f = R/2. The centre of curvature of this concave mirror is on the incident-light side,
so R=-36 cm and f = =18 cm. A misses the concave-mirror sign. B sets focal length equal to the
radius. C doubles the radius instead of halving it. The radius is measured from the pole to the centre
of curvature.

& 3787 o U™ i foont & forg f = R/2 BidT 81 39 S1adel &UUT 3T ehdT che: SHTUfId UhIRT aTelt 3R g, SAfIg R =
-36 cm 3R f=-18 cmI A H 37adel UUT T g B AT 81 B H hiehd &t ohl fBsam & sRieR AFT M1 81 C H B
ohT ST T oh TSI SIIAT e AT 71T ¢ | Ishal AT {d & GshdT che deh AT ST 81
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9C

A higher refractive index means a lower speed of light. For this oblique entry into the higher-index
medium, the refracted angle is smaller than the incident angle, so the ray bends towards the
normal. A gets the bending direction wrong. B gets the speed change wrong. D incorrectly treats
oblique incidence as normal incidence and also misses the speed change.

31fereh 3rgadTich ol 31 TehTT Y T AT &1 31k Sruad-iich aTet ATend § 39 foRe YA WR 319gd hiuT STad-
10T T BIT BIdT §, FHTIY 0T SifHeie I SR Hacll 81 A H 7z Y faerm 7Terd 81 B # =i1et &l R Tedd 81 D |
foR® s1ud= o) sifeiead 3mudT A foram mar & 3R et o1 uRad= oft ®ie ot mar g1

10A

At normal incidence, i = r = 0°, so there is no change of direction. Light still travels more slowly in
glass, and its frequency remains fixed at the boundary. Its wavelength decreases because speed =
frequency x wavelength. B invents a bend and misses the speed change. C incorrectly changes
frequency. D confuses no bending with no change in speed.

SffAIad UaT W i = r = 0° gIdT §, 3Afelq G2 T8l agerdt| fohr off sia & UahrT Fi are A gidt & 3k a1 W
Mg GHT ! &1 =1eT = Mg x aeed g1 & aenneedf uear g1 B # {1 shRuT g1 ardma 7T @ 3R <1ef
giked ®ier a1 &1 C # g ol Tetd &7 & dget AT g1 D 7 &2 7 s &bl =1t 7 Saer=1 A fordm 1 81

1B

n = c/speed, so speed = c¢/n = (3.0 x 10%)/1.25 = 2.4 x 10® m/s. A multiplies by n instead of dividing. C
treats the numerical value of the index as a speed coefficient. D ignores the index and leaves the
vacuum speed unchanged. The result being less than c is a useful check.

n = ¢/31e, 3Afeg e = ¢/n = (3.0 x 10%)/1.25=2.4 x 10 m/s| A& n § 4T &7 & oIy I[on fohar T g1 C &
I & TEATHD AT h TTet o OTich HT foram 71 81 D Sruac-ich oht Sear ehech fAafd areft arer gf T g1
IR Bl ¢ T A §IHT Yob U S gl

12D

The ray bends towards the normal on entering glass and away from the normal on leaving. Because
the faces are parallel and the outside medium is the same, the emergent direction is parallel to the
incident direction; oblique passage produces a lateral displacement. A wrongly imposes normal
emergence. B overlooks the parallel faces, unlike a prism’s inclined faces. C describes returning
towards the source, not transmission through the slab.

i H UART ohid T fohor Sifdee chl 37R 3fR ITeR 31Td THY MfHeid ¥ g Y&t & | Theldh THIAR ¢ 3R I8 ohl

AT G TR A ¢, 39ferg fAea e smufad feam & geiar gidt ; ke o+ w ursf o= gar &1 A & famr
SMYR Saad A 719 foran 71 81 B THIAR Hheldhl hl ST el &; fUeH & theldh Yoh-gelk © e aid a1 C &Id &l
3R ciie o1 guie g, el h STR-UR H<R0T &I 61|
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13A

Foralens, 1/v=1/f+1/u=1/24-1/72=1/36 cm™. Thus v = +36 cm and m = v/u = 36/(-72) = -1/2.
The image is real, inverted and half the object’s height, on the opposite side of the lens. B reverses
the signs. C uses the mirror equation instead of the lens equation. D uses the mirror magnification
formula -v/u instead of the lens formula v/u.

Adghfau1/v=1/f+1/u=1/24-1/72=1/36 cm "I gafa@ v = +36 cm 3R m = v/u = 36/(-72) = -1/21
gfafeie oi¥ & gaRl SR ardfadh, Seiel 3R ax] ol 31efl $a1s o &1 B # g Iofe i 7g &1 C 7 &9 & Jwiry Ut r
GHienvoT T fear AT g1 D H &9 & v/u 3 SSTT &UT T STaeE g —v/u & & gl

14C

1/v=1/f+1/u=-1/30 - 1/60 = -1/20 cm™, so v = =20 cm. The image lies on the object’s side and is
virtual. Lens magnification m = v/u = (-20)/(-60) = +1/3 makes it erect and diminished. A assigns the
wrong sign and image nature. B comes from using the mirror equation. D gets the position right but
misreads positive magnification as inversion.

Tv=1/f+1/u=-1/30-1/60=-1/20 cm™, 3T v = -20 cm | Ufdfeia aE aTelt IR & 3R T &1 9
3magdT m = v/u = (-20)/(-60) = +1/3 &, 3afeg ufafda e sfiz ter 81 A & Rig sz ufafda & uepfa Tera &1 B
YT 7 TrfteRRur A @ At @1 D | RS T8t 8, |fh eTeares smae= ot Iere ufafaa ot Geha a4 foram mar g1

15D

First convert f =-125 cm =-1.25 m. Power P = 1/f = 1/(-1.25) = -0.80 D. The negative power agrees
with a diverging concave lens in air. A takes the reciprocal of centimetres without converting to
metres. B drops the negative sign. C repeats the focal-length number instead of taking its reciprocal
in metres.

Ugel f=-125cm = -1.25 m &1 &HATP = 1/f = 1/(-1.25) = -0.80 D | Uk &HT g1 H UAR] felael o9 &
7 @It g1 A B Hiex & sgct fom S&fier aret a1 a1 e foram mam 81 B o1 Rig ®1g a1 81 C & Hiex areft wieg
&l T SGehH o & ST e gt o 3ieh &) ST feam T B

16 B

For a distant object, the ciliary muscles relax and the eye lens becomes less curved and thinner. Its
focal length increases and its converging power decreases, allowing the image to remain on the
retina. A describes focusing on a nearby object. C confuses accommodation with moving the retina.
D confuses the pupil's role in admitting light with the lens system’s focusing role.

R I a¥g & forg geATt OfAT AT gl & SR A3 1 A dsh TUT Ul i1 &1 ITh! Hiehd g gt R AR
&I et 8, forad ufdfeie AT oR o1 8T 81 A UTH Y 9% WR hfed e o1 aufe g1 C | HeH &l ek
e T SIS fear T g1 D & i1 ot UasT 3 arell Ydeft 7R UahIST dhisd e dTet oid-d3 o S fHeTg 7Y &1
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17D

In myopia, rays from a distant object would focus in front of the retina; a suitable concave lens
reduces convergence before light enters the eye. In hypermetropia, rays from a near object would
focus behind the retina; a suitable convex lens provides extra convergence. A swaps the two
corrections. B wrongly adds convergence for myopia. C wrongly reduces convergence for
hypermetropia. This is a model question, not a prescription for an individual.

fehe-gfe 2w & g <t axg <Y feheot e & T hfed gicll; Suga sradet of g A # ya ¥ Uge SHfATROT g 8
ER-5f® S & Ury i &g i feheol feT oh Uied chicre gielt; SuGerd Iiet o e SrffRerd ifHERor &1 81 A &l Qi o
3e1e a1 81 B & fAche-gf® qiw & forg 7rera &1 @ sif et agrn man &1 C # -5 3w & forg 7Tetd & & SifeRor
T T § | I8 Aisd R SUTRa U 8, fohdt aafery & forg @d ot urmmsf =g

18 A

The first prism separates colours already present in white light by refracting them through different
angles. A suitably aligned reversed prism can recombine that spectrum into white light. B confuses
greater deviation with survival of only one colour. C mistakes separation for destruction. D invents
selective absorption; an ordinary prism does not have to remove every colour except red. The
alignment condition matters: simply placing any second prism nearby does not guarantee
recombination.

Ul fUSH gd UehI H Ugel T Hiola T chl STelTT-37eT hIUN 8 STuafdd ehich 3Tl ehdl 8| Tal aig I @M T Iefel
oo 39 quichH ot foR TR A Ueh1T € TepdT &1 B 31fdeh fararetT ot hael Uah 1S9 T hRUT A AT g1 C
ST §IF Sl TE §IFT AT g1 D foFT STYR FfaT S/asneor 7719 odr ; S1aRoT fUsH & fog et ot Stges I+t a1
ECHT 3TaTeh o1 | fUSH i TEl avg T@1 Ag<aqui ¢; Ui # ahis off gur fiew @ &7 § 411 ot foRe e fafga =&t
gl

19C

A distant star is approximately a point source. Changing refractive-index conditions in the
atmosphere make its ray paths and apparent brightness fluctuate, producing twinkling. A assigns
the ordinary atmospheric effect to rapid changes in the star itself. B invents a reflecting surface. D
confuses twinkling with prism dispersion. The explanation concerns atmospheric refraction, not a
failure of the reflection law.

TR I ART T feig-Fid SIET 8T ¢ | argHSe H STUec-ich chl Saeld! (ATl [ehRuTl e g 3R fe= arefl =#en |
IdR-Terd Ul dhedl §; el Al T 81 A TR argHEe T UHTd i W dR o do deardl & siiedl 81 B famT smar
WRIecdch Gdg A odl g1 D feAfed™ &l s & qui-fagtaor & e &ar 81 ot argreedta sruad- 8, Widd- & fAaw
T AT gl |
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20 B

Air molecules and very fine particles scatter shorter visible wavelengths more strongly than longer
ones. Scattered light from the blue end reaches our eyes from directions away from the Sun, making
the clear sky appear blue. A reverses the wavelength preference. C confuses scattering in many
directions with prism dispersion into a spectrum. D is not the explanation: a blue sky is also seen far
from oceans.

T o U] 3R Igd Y&H hUT oiel G qRICET chl JoiT H BIE aRIeEdT el 3Hfereh UhiviH ahed g1 et R a1 uehifofa
TRIST G & S1er feamatt @ sifal des ugadr 8, foras Ak smamrer el fiward &1 &1 A a@eed it feRar &t Iete Ear
g1 C 3reh feamsit & uehivf= &l firew g1 auiehA s-= & el &a1 €1 D SRUT 181 ¢: HgTIRI & ¥ ot el simeprsr
fears 2 1

Review checklist
* Measure ray angles from the normal, not the surface
* Mirrors: 1/f = 1/v + 1/u; signed magnification m = -v/u
* Thin lenses in air: 1/f = 1/v - 1/u; signed magnification m = v/u
* Absolute refractive index n = c/(speed in medium); c is the vacuum speed
* Lens power P = 1/f only when fis in metres and P is in dioptres

* Explain the image or optical effect as well as selecting an answer

3Ty & Sirg-gHt
 foRoTt & ot Sificie @ @iTd, Tag @ &l
e gUo: 1/f=1/v + 1/u; g afga smagq m = -v/u
cga A Uda og: 1/f=1/v - 1/u; Rg afga smada m =v/u
« FRTer sruedHia n = ¢/(\Temw § T1a); ¢ Aatd J ueeir i 9 g
G emEar P = 1/f # f ez & 3R P s # gt
o IR G & a1 ufafedd a1 gerita gre o1 shRor ot sarg

Scope / ¥Hr

This original optics practice covers the three lessons in this workbook. The RRB general-science
syllabus sets a tenth-standard Physics level; it does not guarantee a chapter-wise question count.
Heat, sound and other General Science topics are outside this workbook. Textbook references
appear in each lesson.

g Hifeleh UeRIfRIchT 3130TH 39 hIAYfKIehT o i< UTST TR TR 81 SIRIARE ATH AT Al UTsdsh adl-&aka
Hifcieh! ST 8; SLATIAR T cht T &hi TMREN gl &1l FoAT, i 3R Ty {3 o 3 fawg g9 shrdyfeden #
A 8l 1 8= UTS # Haifdd gxdan! o dg+f iRy &1
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