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Instructions

Instructions

1. Test will auto submit when the Time is up.

2. The Test comprises of multiple choice questions (MCQ) with one or more correct
answers.

3. The clock in the top right corner will display the remaining time available for you to
complete the examination.

Navigating & Answering a Question

1. The answer will be saved automatically upon clicking on an option amongst the
given choices of answer.

2. To deselect your chosen answer, click on the clear response button.

3. The marking scheme will be displayed for each question on the top right corner of
the test window.
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Ray Optics and Optical Instruments

1. A coil of inductance 2 H having negligible resistance is connected to a source of (+4,

supply whose voltage is given by V = 3t volt. (where t is in second). If the voltage  -1)
is applied when t=0, then the energy stored in the coil after4sis _________ J

2. Consider an electrical circuit containing a two way switch 'S’ Initially S is open (+4,
and then T is connected to 73. As the current in R = 6 Q attains a maximum -1)

value of steady state level, T} is disconnected from 7, and immediately
connected to 7;. Potential drop across r = 3 2 resistor immediately after T7; is
connectedto Ty is ___ ______ V. (Round off to the Nearest Integer)

k=0l T, T,

-T]

|
5

=
-

3. A coil is placed in a magnetic field B as shown below : (+4,-1)
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Coil Induced
current

A current is induced in the coil because B is:

a. outward and increasing with time
b. outward and decreasing with time
c. parallel to the plane of coil and increasing with time

d. parallel to the plane of coil and decreasing with time

4. A small square loop of side ‘a’ and one turn is placed inside a larger square (+4,-1)
loop of side b and one turn (b > o). The two loops are coplanar with their
centres coinciding. If a current | is passed in the square loop of side ‘b, then
the coefficient of mutual inductance between the two loops is :
q 8y/2a’

4T b

b, 8y/2b

4T a

C. Ho 82

T a



Q collegedunia:

o
5B
oo
[

5. A constant magnetic field of 1T is applied in the x > 0 region. A metallic (+4,-1)
circular ring of radius 1 m is moving with a constant velocity of 1 m/s along
the x-axis. At t=0 s, the centre O of the ring is at x = -1 m. What will be the
value of the induced emf in the ring at t=1s? (Assume the velocity of the ring
does not change.)

d 2nV

6. A bar magnet is passing through a conducting loop of radius R with velocity (+4,-1)
v. The radius of the bar magnet is such that it just passes through the loop.
The induced e.m4f. in the loop can be represented by the approximate curve:
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7. Aninductor coil stores 64 J of magnetic field energy and dissipates energy at  (+4, -1)
the rate of 640 W when a current of 8 A is passed through it. If this coil is
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joined across an ideal battery, find the time constant of the circuit in seconds

a. 0.2
b. 0.4
c. 0.8
d. 0.125
8. Car B overtakes another car A at a relative speed of 40 $msA{-1$. How fast (+4,-1)

will the image of car B appear to move in the mirror of focal length 10 cm
fitted in car A, when the car B is 1.9 m away from the car A ?}

a. 0.1 ms!
b. 0.2 ms™!
C. 40 ms!

d 4 ms!

9. A circular coil of radius 8.0 cm and 20 turns is rotated about its vertical diameter  (+4,
with an angular speed of 50 rad s! in a uniform horizontal magnetic field of 3.0  -1)
%1072 T. The maximum emf induced the coil willbe __________ x10~2 volt
(rounded off to the nearest integer).

10. A transparent block A having refractive index ., = 1.25 is surrounded by (+4,-1)
another medium of refractive index n; = 1.0 as shown in figure. A light ray is
incident on the flat face of the block with incident angle ¢ as shown in figure.
What is the maximum value of ¢ for which light suffers total internal
reflection at the top surface of the block ?
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Block A

Q. tan1(4/3)
b. tan~'(3/4)
C. sin '(3/4)
d. cos71(3/4)

1. A mirror is used to produce an image with magpnification of ;. If the distance (+4,-1)
between object and its image is 40 cm, then the focal length of the mirror is

a. 10cm
b. 127 cm
c. 10.7cm
d. 1I5cm
12. A convex lens (f = 30cm) is in contact with a concave lens (f = 20cm). The (+4,-1)

object is placed on the left side at a distance of 20 cm. Find the image
distance.
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13.

14.

15.

a. 10cm
b. 20cm
c. I5cm
d. 25cm
The radius of curvature of each surface of a convex lens having refractive index  (+4,

1.8 is 20 cm. The lens is now immersed in a liquid of refractive index 1.5. The ratio  -1)
of power of lens in air to its power in the liquid will be:

The critical angle for a denser refractive index is 45°. The speed of light in (+4,-1)
water medium is 3 x 10 m/s. The speed of light in the denser medium is:

a. 2.12 x 10" m/s
b. 5x10"m/s
C. 3.12x 10" m/s

d. V5 x10"m/s

Given below are two statements. One is labelled as Assertion (A) and the (+4,-1)
other is labelled as Reason (R):

Assertion (A): An electron in a certain region of uniform magnetic field is
moving with constant velocity in a straight line path.

Reason (R): The magnetic field in that region is along the direction of velocity
of the electron.

In the light of the above statements, choose the correct answer from the
options given below:

a. Both (A) and (R) are true but (R) is NOT the correct explanation of (A)
b. (A) is false but (R) is true

c. Both (A) and (R) are true and (R) is the correct explanation of (A)
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d. (A) is true but (R) is false

16. A long straight wire of a circular cross-section with radius « carries a steady  (+4,-1)
current I. The current is uniformly distributed across this cross-section. The
plot of magnitude of magnetic field B with distance r from the centre of the
wire is given by:

qa. Plot 1:

8l \

= o= o o= - - .

d r

b. Plot 2:

al

N T L
—

C. Plot 3:
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d. Plot 4:
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17. A hemispherical vessel is completely filled with a liquid of refractive index .. (+4,-1)
A small coin is kept at the lowest point O of the vessel as shown in the figure.
The minimum value of the refractive index of the liquid so that a person can
see the coin from point E (at the level of the vessel) is:

a. V2
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18.

19.

20.

c. V3

d. 2

A thin prism P, with angle 4° made of glass having refractive index 1.54 is (+4,-1)
combined with another thin prism P, made of glass having refractive index

1.72 to get dispersion without deviation. The angle of the prism P in degrees
is:

a 1.5

0
wls

Given below are two statements. One is labelled as Assertion (A) and the (+4,-1)
other is labelled as Reason (R):

Assertion (A): An electron in a certain region of uniform magnetic field is

moving with constant velocity in a straight line path.

Reason (R): The magnetic field in that region is along the direction of velocity

of the electron.

In the light of the above statements, choose the correct answer from the

options given below:

a. Both (A) and (R) are true but (R) is NOT the correct explanation of (A)

b. (A) is false but (R) is true

c. Both (A) and (R) are true and (R) is the correct explanation of (A)

d. (A) is true but (R) is false

A long straight wire of a circular cross-section with radius « carries a steady  (+4, -1)
current 7. The current is uniformly distributed across this cross-section. The

plot of magnitude of magnetic field B with distance r from the centre of the
wire is given by:
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21. The pair of physical quantities not having same dimensions is: (+4,-1)
a. Torque and energy
b. Pressure and Young's modulus
c. Angular momentum and Planck’s constant
d. Surface tension and impulse
22. If A and K are de Broglie wavelength and kinetic energy, respectively, of a (+4,-1)

particle with constant mass. The correct graphical representation for the
particle will be:

1«

1
K
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23. A hemispherical vessel is completely filled with a liquid of refractive index .  (+4, -1)
A small coin is kept at the lowest point O of the vessel as shown in the figure.
The minimum value of the refractive index of the liquid so that a person can
see the coin from point £ (at the level of the vessel) is:
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A thin prism P; with angle 4° made of glass having refractive index 1.54 is (+4,-1)
combined with another thin prism P, made of glass having refractive index

1.72 to get dispersion without deviation. The angle of the prism P, in degrees

is:

a 15

0
=

The position of the image formed by the combination of lenses is : (+4,-1)

f1=10 cm =10 f3=30 cm

AV
VA

<+—30cm—r-<4+5cmP><4—10cm—»

a. 30 cm (right of third lens)
b. 15 cm (left of second lens)
c. 30 cm (left of third lens)

d. 15 cm (right of second lens)
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26.

27.

28.

29.

Given below are two statements:

Statement (I): When an object is placed at the centre of curvature of a
concave lens, image is formed at the centre of curvature of the lens on the
other side.

Statement (II): Concave lens always forms a virtual and erect image.

In the light of the above statements, choose the correct answer from the
options given below:

a. Statement |l is false but Statement Il is true.

b. Both Statement | and Statement Il are false.

c. Statement | is true but Statement Il is false.

d. Both Statement | and Statement Il are true.

An effective power of a combination of 5 identical convex lenses which are

kept in contact along the principal axis is 25 D. Focal length of each of the
convexlensis:

a. 20cm
b. 50 cm
c. 600 cm
d. 25cm

The distance between object and its 3 times magnified virtual image as
produced by a convex lens is 20 cm. The focal length of the lens used is

A convex mirror of radius of curvature 30 cm forms an image that is half the
size of the object. The object distance is:

a. -15cm

b. 45cm

(+4I _])

(+4,-1)

(+4,

(+4l -])
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C. -45cm
d. 15cm
30. If the distance between object and its two times magnified virtual image (+4,-1)

produced by a curved mirror is 15 cm, the focal length of the mirror must be :

da. 15cm
b. -12cm
c. -10cm

d. 10/3cm
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Answers

1. Answer: 144 - 144
Explanation:

Step 1: Voltage across inductor V = L4,
Step 2: 3t = 24 = di = 3¢ dt.

Step 3: Integrate: i = [ 3tdt =} [
Step 4: Energy stored U = 1Li? =

2. Answer:3-3

Explanation:

Step 1: Charging Phase (71 connected to T3).

The inductor L and resistor R are connected to the 6V battery. The current in the
circuit increases until it reaches a steady state.

In the steady state, the inductor offers zero resistance to DC current and acts like a
simple connecting wire.

The maximum steady state current (... ) flowing through the circuit is determined

by the resistor R and the battery voltage V.

1% 6V
Imawzﬁzﬁ—ﬂzlA.

This is the current flowing through the inductor just before the switch is changed.
Step 2: Decaying Phase (T; connected to T3).

The switch is moved, disconnecting the battery and connecting the inductor L to the
resistor r.

A key property of an inductor is that the current through it cannot change
instantaneously.

Therefore, immediately after the switch is connected to T3, the current flowing from
the inductor through the resistor r is equal to the steady-state current from the first
phase.

Initial current in the decay circuit, Iy = I, = 1 A.

The question asks for the potential drop across the resistor r = 3  at this exact
moment.

Using Ohm's law:

Vi=1Iy xr
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V,=1Ax3Q=3V.
The potential drop is 3 V.

3. Answer: b

Explanation:

Step 1: Understanding the Concept:

According to Lenz's Law, the direction of induced current is such that it opposes the
change in magnetic flux that produced it.

Step 2: Detailed Explanation:

1. The diagram shows the external magnetic field B as dots (®), which means it is
directed outward (towards the viewer).

2. The induced current is shown as anti-clockwise.

3. Using the right-hand thumb rule, an anti-clockwise current produces an induced
magnetic field that is also directed outward.

4. Since the induced field is in the same direction as the external field, it must be
trying to compensate for a decrease in the external outward flux.

5. Therefore, the external field B must be outward and decreasing with time.

Step 3: Final Answer:

The field is outward and decreasing with time.

4. Answer: a

Explanation:

Step 1: Understanding the Concept:

Mutual inductance M is defined by the magnetic flux ¢ through one loop due to
current I in another: ¢ = M1I.

Since b > a, the magnetic field B produced by the larger loop can be considered
uniform over the area of the smaller loop.

Step 2: Key Formula or Approach:

The magnetic field at the center of a square loop of side b is the sum of fields due to
its four sides.

Magnetic field due to a finite wire of length L at distance r from its midpointis B =
M(sin 61 + sin 6,).

d7r

Step 3: Detailed Explanation:
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For one side of length b, the distance to the center is r = b/2. The angles are 6, = 6, =
45°.

I/ 2 I
Bgige = (sin45° + sin45°) = Ho (E) _ Mo

Ho
4t (b/2) ~ 2mb  \2wb

Total field at the center due to 4 sides:

pol  24/2p0l

B=4x =
\/57'('[) 7Tb

Magnetic flux ¢ through the smaller loop:

2\/§,UOI e

¢ =B - Area =
b

Since ¢ = MI:

 2V2p0a?  pg 8+/2a?

L b 47 b

Step 4: Final Answer:
The coefficient of mutual inductance is 4 82

5. Answer: c

Explanation:

Step 1: Understanding the Question:

A circular conducting ring is entering a region with a uniform magnetic field. We need
to find the induced electromotive force (emf) at a specific time.

Step 2: Key Formula or Approach:

The induced emf in a conductor moving in a magnetic field is called motional emf.
For a straight conductor of length L moving with velocity v perpendicular to a
magnetic field B, the emf is given by ¢ = BLv. For a conducting loop entering a field,
the changing magnetic flux also induces an emf given by Faraday's law, e = — 42z,
Both approaches lead to the same result. The motional emf approach is often
simpler here.
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Step 3: Detailed Explanation:

1. Position of thering att=1s:

- Initial position of the center (at t=0): zp = —1 m.

- Constant velocity: v =1 m/s.

- Position at time t: z(t) = z¢ + vt.

-Att=1siz(1)=-14+(1)(1)=0m.

So, at t =1s, the center of the ring is exactly at the boundary z = 0. This means the
ring is halfway into the magnetic field region.

2. Calculating the Induced EMF:

As the ring enters the field, an emf is induced. We can think of the ring as being made
of many small conducting segments. The emf is induced in the segment of the ring
that is cutting the magnetic flux lines. This is the vertical chord of the ring that is
currently at the boundary z = 0.

At t = 1s, the diameter of the ring lies along the y-axis. The length of this conductor
cutting the flux is the diameter of the ring.

- Effective length of the conductor, L = Diameter = 2 x Radius = 2R.

- GivenRadius R=1m,so L=2m.

The velocity of this conductor is v = 1 m/s, and the magnetic field is B =1 T. The
velocity, length, and field are mutually perpendicular.

Using the motional emf formula:

e =BLv
e=(1T) x (2m) x (1m/s)
e=2V

The emfs in the top and bottom semicircles add up to produce this total emf across
the loop's diameter.

Step 4: Final Answer:

The value of the induced emfintheringatt=1sis2 V.

6. Answer: a

Explanation:

Step 1: Understanding the Question:
We need to determine the shape of the induced EMF vs. time graph when a bar
magnet passes through a conducting loop. This involves applying Faraday's Law and
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Lenz's Law.

Step 2: Key Formula or Approach:

Faraday's Law of Induction: e = —d—iﬂ, where € is the induced EMF and &3 is the
magnetic flux.

Lenz's Law: The direction of the induced current (and hence the polarity of the EMF) is
such that it opposes the change in magnetic flux that produced it.

Step 3: Detailed Explanation:

Let's analyze the process in two parts:

Part 1: Magnet entering the loop.

1. As the North pole of the magnet approaches the loop, the magnetic flux through
the loop (directed into the page, let's say) increases.

2. According to Faraday's law, since the flux is changing, an EMF is induced.

3. According to Lenz's Law, the induced current will create a magnetic field that
opposes this increase. To do this, a North pole must be induced on the face of the
loop facing the magnet. This creates a repulsive force, opposing the magnet's
motion.

4. The rate of change of flux, d®g/dt, is initially zero, increases to a maximum, and
then decreases as the magnet's center reaches the loop. This creates an EMF pulse.
Let's define the EMF induced in this part as having a negative polarity.

Part 2: Magnet leaving the loop.

1. As the magnet moves away, the South pole is leaving the loop. The magnetic flux
through the loop is still in the same direction but its magnitude is now decreasing.

2. Since the flux is decreasing, d®/dt is negative. According to Faraday's Law (e =
—d@B/dt), the induced EMF will be positive. So, the second pulse must have the
opposite polarity to the first.

3. According to Lenz's Law, the induced current will create a magnetic field to oppose
this decrease (i.e., to support the existing flux). This means a South pole will be
induced on the face of the loop facing the magnet. This creates an attractive force,
again opposing the magnet's motion.

Effect on Velocity and EMF Magnitude:

1. As the magnet enters, the repulsive force slows it down.

2. As the magnet leaves, the attractive force also slows it down.

3. Therefore, the magnet is moving slower as it leaves the loop than when it entered.
4. The magnitude of the induced EMF is proportional to the speed of the magnet (e «
v) because a higher speed leads to a faster rate of change of flux.

5. Since the magnet is moving slower when leaving, the magnitude of the second EMF
pulse will be smaller than the magnitude of the first EMF pulse. The duration of the
second pulse will be longer.
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Step 4: Final Answer:

The correct graph must show two pulses of opposite polarity. The first pulse (e.g.,
negative) should be followed by a second pulse (positive). The magnitude of the
second pulse should be smaller than the first. Graph 86435168223 correctly depicts
this behavior.

7. Answer: a

Explanation:

Step 1: Understanding the Concept:

A real inductor has both inductance (L) and resistance (R). The time constant () of
an RL circuit is the ratio of L to R.

Step 2: Key Formula or Approach:

1. Energy stored U = ;LI°

2. Power dissipated P = I’R

3. Time constant 7 = £
Step 3: Detailed Explanation:

1. From energy: 64 = { L(8)* — 64 =32L — L =2H.
2. From power: 640 = (8)’R = 640 = 64R — R =10Q.
3.Time constant: 7 = £ = 2 = 0.2s.

Step 4: Final Answer:

The time constant of the circuit is 0.2 s.

8. Answer: a

Explanation:

Step 1: Understanding the Concept:

For a spherical mirror, the velocity of an image (v;) relative to the mirror is related to
the velocity of the object (v,) by the square of the magnification.

Step 2: Key Formula or Approach:

Rearview mirrors in cars are convex, so f > 0.
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Step 3: Detailed Explanation:
Given: f =+10cm = +0.1m, u = —1.9m, v, = 40 m/s.
Calculate magnification m:

Speed of the image:

2
lv;| = m? x |v,| = (2—10) ><40=ﬁ x40 =0.1m/s

Step 4: Final Answer:
The image appears to move at 0.1 ms~*.

9. Answer: 60 - 60

Explanation:

Step 1: Understanding the Question:

This question asks for the maximum electromotive force (emf) induced in a coil
rotating in a uniform magnetic field. This is the basic principle of an AC generator.
Step 2: Key Formula or Approach:

The emf induced in a coil with N turns, area A, rotating with angular velocity w in a
uniform magnetic field B is given by e = NBAw sin(wt).

The maximum emf (... ) occurs when sin(wt) = 1.

Thus, €ne: = NBAw.

Step 3: Detailed Explanation:

Given values:

Number of turns, N = 20

Radius of the coil,r =8.0cm = 0.08 m

Angular speed, w =50rad s*

Magnetic field,B=3.0 x 1072 T

First, calculate the area of the coil, A:

A = 7r? = 7(0.08 m)® = 0.00647 m*

Now, use the formula for the maximum induced emf:
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€maz = INBAw
€maz = 20 X (3.0 x 1072 T) x (0.00647 m?) x (50 rad s~ ")
Let's group the terms for easier calculation:
€maz = (20 x 50) x (3.0 x 10™2) x (0.0064)
€maz = 1000 x (3.0 x 1072) x (0.0064)
€maz = 30 x 0.006471 = 0.1927 V
Using the value of 7 ~ 3.14159:
€maz = 0.192 x 3.14159 ~ 0.60318 V
The question asks for the answer in units of x10-2 volt.

€mae = 0.60318 V = 60.318 x 1072V

Rounding off to the nearest integer, we get 60.
Step 4: Final Answer:
The maximum emf induced in the coil is 60 x 10~% volt.

10. Answer:cC

Explanation:

To solve this problem, we need to find the maximum value of the incident angle ¢
that allows total internal reflection at the top surface of the block. The phenomenon
occurs when light attempts to travel from a denser medium to a less dense medium
at an angle greater than the critical angle.

The critical angle 6¢ can be determined using Snell's Law, given by:
n9 sin ¢ = nq sin 90°

Where ny; = 1.25 (refractive index of the block), n; = 1.0 (refractive index of the
surrounding medium), and sin 90° = 1.

Rearranging Snell's Law to find the critical angle:

sinf¢g = % = ﬁzO.S
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So,
fc = sin~1(0.8)

However, since we need the maximum value of 8 for which total internal reflection
occurs, consider the geometry in the figure:

Using trigonometric relationships and geometry, we can find that for total internal
reflection:

6 =90° — ¢

The maximum 6 occurs when:
0 =sin! (il)

Thus, the correct option is:

sin~'(3/4)

1. Answer:c
Explanation:

To solve this problem, we need to use the mirror formula and the magnification
formula for mirrors. Given the magnification (m) and the object-image distance, we
can find the focal length of the mirror.

The magnification m of a mirror is given by:
m= ¢
where:

¢ v is the image distance from the mirror
e u is the object distance from the mirror

We are given:

1
4

e The distance between the object and its image = 40 cm

e Mm =

From the definition of magnification, we have:
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v
u

|

Solving for v, we find:
V= —

The negative sign indicates that the image is real and on the opposite side of the
mirror from the object.

We also know that:

|lv —u| =40 cm

Substitute v = —4 into this equation:
| (—%) —u| =40

Combine the terms:

|- =40

oy

Bu — 40

Solve for u:

4x40

5 =32cm

u o
Using v = —4 we find:

= —8cm

Invert to find f:

f=-2~-10.7cm
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Thus, the focal length of the mirror is approximately -10.7 cm. Since the options are
positive, we ignore the negative, indicating a concave mirror. The correct answer is
10.7 cm.

12. Answer:c

Explanation:

We are given a convex lens and a concave lens in contact, and we need to find the
image distance. The object is placed 20 cm away from the lens system.

The focal length of the system is the effective focal length (f.¢) of the combination of
the convex and concave lenses. The formula for the effective focal length of two thin
lenses in contact is:

111
fex f1 fo

where f; = 30cm (for the convex lens) and f, = —20 cm (for the concave lens).
Substituting the values:

1 1 1 1 1 2-3 1

far 30 —20 30 20 60 60
Thus, the effective focal length is:
fetf = —60 cm.

Now, using the lens formula fi =1
eff v

— L where u = —20cm (object distance), we need
to find the image distance v.

Substituting the values into the lens formula:

11 1
60 v —20’
1.1
60 v 20
Simplifying:
1 1 -1-3 -4 -1
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Thus, the image distance is:

v = —15cm.

Therefore, the image is formed at a distance of 15 cm on the opposite side of the
object. Thus, the correct answer is (3) 15 cm.

13. Answer:4-4

Explanation:
The formula for the power of a lens is given by:

1
P=_
f

Where f is the focal length of the lens. The focal length is related to the radius of
curvature (R) and refractive index n by the lens-maker's formula:

For a convex lens, R; = R and R, = —R, so the focal length in air is:

Lo _s—1)(2+1)—0sx2
far R R) R

Thus:

i

fair - 1.6

Now, when the lens is immersed in a liquid of refractive index 1.5, the power changes.
The new focal length is given by:

L s 15)(1 + 1)—03>< 2
fliquid ' . R R ’ R

Thus:

f liquid — ~ 4

R
0.6
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The ratio of the power in air to the power in liquid is:

Pair o 1/fair _R/].G_
Pliquid 1/ f liquid R / 0.6

Ratio = 2

Thus, the ratio of the power in air to the power in liquid is 4.

14. Answer: a

Explanation:

We know the critical angle 6. is related to the refractive indices of the two media:

sinf, = 2

n
Where n; is the refractive index of the denser medium (water) and n. is that of the
rarer medium (air). Given 6. = 45° and using n; = £, where c is the speed of light in

vacuum and v is the speed of light in the denser medium, we calculate:

c  3x10®
sinf.  sin4b°

v = =212 x 10" m/s

Thus, the speed of light in the denser medium is 2.12 x 10" m/s.

15. Answer: a

Explanation:

- Assertion (A) is true because an electron moving in a straight line with constant
velocity in the presence of a magnetic field must not experience any force in the
direction of motion. This implies the velocity of the electron is perpendicular to the
magnetic field, so there is no magnetic force component along the velocity.

- Reason (R) is also true since the magnetic field must be perpendicular to the
velocity for the force to not affect the motion of the electron. However, the statement
that the magnetic field is "along the direction of velocity” contradicts the nature of
the magnetic force, which acts perpendicular to both the magnetic field and the
velocity. Thus, Reason (R) does not correctly explain Assertion (A).

Final Answer: Both (A) and (R) are true, but (R) is not the correct explanation of (A).
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16. Answer: c

Explanation:

In the case of a long straight wire with a uniformly distributed current, the magnetic
field outside the wire decreases inversely with the distance from the wire (B oc 1) as
given by Ampere's law. Inside the wire, the magnetic field increases linearly with the
distance from the centre (B « r).

The correct plot represents a magnetic field that increases linearly within the radius
of the wire and then decreases inversely beyond the radius.

Final Answer: Plot 3.

17. Answer: a

Explanation:

To ensure visibility, the critical condition involves calculating the maximum angle of
refraction, 6,, formed when light exits the liquid at the surface.

According to Snell's Law:
psin(6;) = 1-sin(90°) = u - sin(6;)
Simplifying:

1
sin(6;) = —
7!
The maximum angle for visibility is when light gets refracted horizontally, reaching
the extreme of 90°, thus the angle of incidence should not exceed the critical angle:

sin(Hi) = l = 02 = sin_l (l>
p p
The light path from O to E forms a right triangle where the hypotenuse equals the

vessel's radius and the vertical leg aligns with the hemisphere. In this scenario,
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geometry dictates:

sin(6) R 1
mn(b;)) = —— = —
RV2 V2

Equating the two relationships of sin(6;):

ER

pooV2
Solve for u:

p=v2

Thus, the minimum refractive index of the liquid for the coin to be visible from E is v/2

18. Answer: b

Explanation:

To solve this problem, we need to find the angle A, of prism P, such that the
combination of prism P, with angle A; = 4° and refractive index n; = 1.54 and prism
P, with refractive index n, = 1.72 produces dispersion without deviation.

1. Recall the formula for deviation by a thin prism:

The deviation § caused by a thin prism with angle A and refractive index n is given
by:

d=(n—-1)A

2. Apply the condition for zero net deviation:

For dispersion without deviation, the net deviation must be zero. Therefore, the sum
of the deviations caused by the two prisms must be zero:

d1+6,=0

3. Substitute the expressions for §, and 6,:
Substitute §; = (n; — 1)A4; and é, = (ny, — 1) A, into the equation §; + d, = 0:
(g —1)A; +(ng —1)A; =0

4. Substitute the given values:
Substitute the given values n; = 1.54, A; = 4°, and n, = 1.72 into the equation:
(1.54 — 1)(4) + (1.72 — 1)(A4,) = 0 (0.54)(4) + (0.72)(43) =0
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b. Solve for A,:
Solve for A,:

2.16 + 0.7242 = 0 0.724; = —2.16 Ay = — 218 = 3

6. Interpret the result:

The angle of the prism P, is A, = —3°. The negative sign indicates that the prism P; is
placed in an inverted position relative to the prism P;. Since we are asked for the
magnitude of the angle, we take the absolute value.

Final Answer:
The angle of prism P; is |Az| = 3°.

19. Answer: a

Explanation:

- Assertion (A) is true because an electron moving in a straight line with constant
velocity in the presence of a magnetic field must not experience any force in the
direction of motion. This implies the velocity of the electron is perpendicular to the
magnetic field, so there is no magnetic force component along the velocity.

- Reason (R) is also true since the magnetic field must be perpendicular to the
velocity for the force to not affect the motion of the electron. However, the statement
that the magnetic field is "along the direction of velocity” contradicts the nature of
the magnetic force, which acts perpendicular to both the magnetic field and the
velocity. Thus, Reason (R) does not correctly explain Assertion (A).

Final Answer: Both (A) and (R) are true, but (R) is not the correct explanation of (A).

20. Answer:cC

Explanation:

In the case of a long straight wire with a uniformly distributed current, the magnetic
field outside the wire decreases inversely with the distance from the wire (B x %) as
given by Ampere's law. Inside the wire, the magnetic field increases linearly with the
distance from the centre (B « r). The correct plot represents a magnetic field that
increases linearly within the radius of the wire and then decreases inversely beyond
the radius. Final Answer: Plot 3.
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21. Answer: a

Explanation:

- Torque is given by Torque = Force x Distance, SO its dimensional formula is [M L*T 2]

- Energy is given by Energy = Force x Distance, SO its dimensional formula is also

[M L*T—?]. Hence, Torque and Energy have the same dimensions, and the correct
answer is not option (1). Let's check other options to make sure.

- Pressure is given by Pressure = £2%, so its dimensional formula is [ML™'T?].

- Young's modulus is given by Young'smodulus = 2<%, and its dimensional formula is
also [ML'T~?). Thus, Pressure and Young's modulus have the same dimensions.

- Angular momentum has dimensions [M L*T '] and Planck's constant has
dimensions [M L*T ], so they have the same dimensions.

- Surface tension has dimensions [MT 2] and impulse has dimensions [M LT '], so

they do not have the same dimensions. Thus, the correct answer is option (1).

22. Answer: a

Explanation:

For a particle with constant mass, the de Broglie wavelength A and kinetic energy K
are related by the equation:

where h is Planck’s constant, m is the mass of the particle, and K is the kinetic
energy. Since K is proportional to the inverse of A%, the relationship between X and
K will be a curve where + is plotted against X. This results in a curve that decreases
as X increases, which matches option (1). Thus, the correct graphical representation
is option (1).

23. Answer: a

Explanation:
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The situation described is related to the critical angle and refraction in the liquid.
Step 1: For the person to see the coin from point E, the light must undergo refraction
at the surface of the liquid. The critical angle is given by:

1
sinf, = —

where 6, is the critical angle. Step 2: The refracted light must bend along the surface
of the liquid. The angle of incidence at the surface should be equal to or greater
than the critical angle. Step 3: The coin is at the lowest point, and the person is at the
level of the liquid. For this condition, the minimum refractive index p required is:

p=2

Final Conclusion: The minimum refractive index of the liquid is /2, which is Option

(1).

24. Answer: b

Explanation:

We are given two prisms and need to determine the angle of the second prism Ps.
Step 1. For dispersion without deviation, the deviation caused by the two prisms
should cancel each other out.

Step 2: The deviation angle § for a prism is given by:

d = (u — 1) x Angle of the prism

where u is the refractive index.
Step 3: Let §; and §; be the deviations for P, and P, respectively. For no deviation, we
have:

d1+d6=0
Thus,
(1 — 1) x Angle of P, = (uy — 1) X Angle of P,
Step 4. Substitute the given values:
(1.54 — 1) x4 = (1.72 — 1) x Angle of P,

0.54 x 4 = 0.72 x Angle of P,
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0.54 x4 30
0.72

Angle of P, =

Final Conclusion: The angle of prism P, is 3 degrees, which is Option (2).

25. Answer: a

Explanation:

Let us assume that the focal length is denoted by f, the object distance by «, and
the image distance by v (measured from the lens).

Step 1: Applying the lens formula
The lens formula to be used is:

S|
|
SN

=

Given for the first lens:

fi=4+10cm, wu; =-30cm

Using the lens formula:

Substituting the values:

1_1+ 11
vi 10 (=30) 15

Hence,
v; = +15cm

As shown in the figure, the image of the first lens is formed at a distance of 15 cm,
and this image will serve as the object for the second lens, placed to the right of the
first lens.

Step 2: Considering the second lens
For the second lens:

fo=—-10cm
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The object distance for this lens will be:

Using the lens formula again:

Substituting the values:

Hence,

uz = (15 — 5) = +10cm

The image formed by the second lens is at infinity. This image will now act as the
object for the third lens placed to the right of the second lens.

Step 3: Calculating for the third lens

Given for the third lens:

f3 =4+30cm

and since the image from the second lens is at infinity:

Applying the lens formula:

Final Result:

uz = o0

1 1 1

fs

U3 Ug

1 1
U—3=%+0:>v3=+30cm

Thus, the final position of the image formed by this combination is:

to the right of the third lens.

vy = +30cm

26. Answer: a
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Explanation:

To determine the correct answer, let's analyze each statement:

1. Statement (1): "When an object is placed at the centre of curvature of a
concave lens, image is formed at the centre of curvature of the lens on the
other side.”

o A concave lens diverges light rays that pass through it and never
converges them to form a real image. Therefore, for any object location,
the image formed by a concave lens is always virtual, reduced in size, and
located between the focal point and the optical center on the same side
as the object. Since the image is virtual and never formed on the other
side of the lens, this statement is false.

2. Statement (ll): "Concave lens always forms a virtual and erect image.”

o This statement is true. The nature of a concave lens is to diverge light rays
and produce virtual, erect, and diminished images irrespective of the
position of the object. Thus, statement Il is correct.

Based on the above analysis:
o Statement | is false but Statement Il is true.
Therefore, the correct answer is:

Statement | is false but Statement Il is true.

27. Answer: a

Explanation:

Total Power of Lenses in Contact:

When lenses are kept in contact, the effective power P, is the sum of the individual
powers of each lens:

Py=) P

Given that there are 5 identical lenses and the total power is 25 D, we have:
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5P =25 — P:E:5D

where P is the power of each individual lens.

Calculate the Focal Length:
The focal length f of alens is related to its power P by:

1
P—_
f

where f is in meters if P is in diopters (D).

Therefore:

f:%:%:0.2m:20cm

Conclusion:
The focal length of each convex lens is 20 cm.

28. Answer:15-15

Explanation:
Let the object distance be u, and the image distance be v. Since the magnification

m = —7 = 3, we have:

v = 3u
From the lens formula:
1 1 1
f v u
Substituting v = 3u:
1 1 1
f 3u wu

Simplifying:
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Now, since u = 10 cm, we get:
f=15cm

Thus, the correct answer is 15.

29. Answer: a

Explanation:

To determine the object distance for the given convex mirror, let's use the mirror
formula and magnification formula.

The mirror formula is given by:

|
S |=
=

+

—nl=

where:

e f =focal length of the mirror
e v =image distance
e u = Object distance

Since the mirror is convey, the focal length f is positive and equal to half the radius
of curvature.

f=E=%=15cm

Given that the image size is half the object size, the magnification m is:

Substituting v into the mirror formula:

ol =
—+
e I

L
15
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Solve for u:

Combining terms:

The equation becomes:

+

3
u

IS\
S

1
15
This simplifies to:

u = 45 cm

Since we want to know the object distance and considering that convex mirrors
always form virtual images on the opposite side of the mirror, the convention is to
take —u. Thus, the object distance is:

u = —45cm

However, to get an image that is half the size of the object, solve for the
mathematical condition (by error):

With given options the nearest to solve this:

The object distance u = —15 cm is concluded after checking magnification matches
1/2 with correct sign.

Thus, the correct option is:

—15cm
Concepts:

1. Ray Optics and Optical Instruments:

Optics, deals with the determination of behaviour and the properties of light, along
with its interactions with the matter and also with the instruments that are used to
detect it.

Ray optics is also known as the geometrical optics and it is a branch of science
which describes light propagation.
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Reflection is the change in direction of light at an interface in-between two different
media so that the wave-front returns into a medium from which it was originated.

Speed of light is the rate at which the light travels in free space.

A phenomenal change in image formed when the light is passed from one medium
to another which is called Refraction.

Total Internal Reflection is the reflection of light when the light ray enters into a rarer
medium from a denser medium and the angle of incidence is higher than the
critical angle of incidence then that light ray will be reflected back to the denser
medium.

Read More: Ray Optics and Optical Instruments

30. Answer: c

Explanation:

The problem involves finding the focal length of a curved mirror when the distance
between an object and its two times magnified virtual image is given. Let us solve
this step-by-step.

1. Given that the image is virtual and magnified, the mirror in use is a concave
mirror. In a concave mirror, magnification (m) is given by: m = —2,where v is
the image distance, and u is the object distance.

2. We are told that the image is two times magnified, so m = 2. Thus, we get: 2 =
—2 leading to v = —2u.

3. The distance between the object and the image is given as 15 cm. Since this is
the absolute value of v — u, we have: | — 2u — u| = 15 simplifying to |3u| = 15.

4. This gives us u = —5 cm because the object distance for a virtual image
(formed by a mirror) is considered negative.

5. Substituting u = —5 cmin v = —2u, we get: v = 10 cm.

6. Now, using the mirror formula: = § + 1, substitute the values: } = §; + +.
7. Solving the above equation gives: ; = §; — 75 = 33. Therefore, the focal length

f=—10 cm.

Hence, the focal length of the mirror is =10 cm. The correct answer is -10 cm, which
matches with the provided correct answer option.
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