NEET UG Sample Paper Physics

NEET-UG Physics Sample Paper - 5

Duration: 1 Hour Maximum Marks: 180

Instructions

* This paper contains a total of 45 Multiple Choice Questions.
* Each correct answer carries +4 marks.

e Each incorrect answer carries -1 mark.

» No negative marking for unattempted questions.

Q1. If the error in measurement of radius of a sphere is 2%, the error in the

determination of its volume will be:

(A) 2%
(B) 4%
(C) 6%
(D) 8%

Q2. A body of mass m hits a wall with speed v at an angle 60° and bounces back

with the same speed and same angle. The change in momentum is:

(A) mv
(B) 2mv
(C) V3my
(D) Zero

Q3. The escape velocity of a body from the Earth is 11.2 km/s. If the radius of a

planet is double that of Earth but density is same, escape velocity will be:

(A) 11.2 km/s
(B) 22.4 km/s
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Q4.

Qs.

Q.

Q7.

(C) 5.6 km/s
(D) 44.8 km/s

A simple pendulum has a time period 77 on Earth and 75 on a planet where g is
one-fourth of Earth. The ratio 77 /75 is:

(A)1:1
B) 1:2
C)2:1
(D) 1:4

The magnifying power of an astronomical telescope in normal adjustment is 10.

If the focal length of the objective is 100 cm, the focal length of the eyepiece is:

(A) 10 cm
(B) 1cm
(C) 1000 cm
(D) 20 cm

An inductor L and a resistor R are connected in series to an AC source. If
the frequency of the source is increased, the phase angle between voltage and

current:

(A) Increases
(B) Decreases
(C) Remains same

(D) Becomes zero

A mass of 2 kg is whirled in a horizontal circle by a string 1 m long. If the
maximum tension the string can withstand is 200 N, the maximum speed possible

1S:
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(A) 10 m/s
(B) 20 m/s
(C) 100 m/s
(D) 5 m/s

Q8. The work function of a metal is 2 eV. The maximum wavelength of light that

can cause photoelectric emission is:

(A) 621 nm
(B) 1242 nm
(C) 310 nm
(D) 200 nm

Q9. In a nuclear reactor, moderators are used to:

(A) Slow down neutrons
(B) Absorb neutrons
(C) Accelerate neutrons

(D) Generate more heat

Q10. Two capacitors of 2uF and 4uF are connected in parallel. A potential difference
of 10 V is applied. The total charge stored is:

(A) 20uC
(B) 40uC
(C) 60uC
(D) 6uC

Q11. A ray of light is incident normally on a glass slab (n = 1.5). The angle of

refraction is:
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i
P2 ------ D > C
A | . *
P1 ____-_Z:,gﬁ:f; ) : B
’ LV
Vi Vs
(A) 0°
(B) 30°
(C) 45°
(D) 90°

Q12. In a vernier calliper, 10 divisions of vernier scale coincide with 9 divisions of

main scale. If 1 MSD is 1 mm, the least count is:

(A) 0.1 mm
(B) 0.01 mm
(C©) 1 mm
(D) 0.9 mm

Q13. The magnetic susceptibility of a paramagnetic material is 1.0 x 107> at 300 K.
Its value at 600 K will be:

(A) 2.0x 107>
(B) 0.5x 107>
(C) 1.0x 107
(D) 4.0 x 107

Q14. A body moves along a straight line with constant acceleration. It covers 10 m in

the 2" second and 15 m in the 3" second. Its initial velocity is:

(A) 2.5 m/s
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Q15.

Q1e6.

Q17.

Q18.

(B) 5m/s
(C) 7.5 m/s
(D) Zero

The ratio of the radii of the first three Bohr orbits of hydrogen atom is:

(A)1:2:3
B)1:4:9

(C) 1:8:27
D) 1:V2:3

In a series LCR circuit, R = 10Q, L = 2 H, and C = 32uF. The resonant

frequency of the circuit is:

(A) 20 Hz
(B) 25 Hz
(C) 10 Hz
(D) 125/n Hz

A wire of resistance 10€2 is stretched to thrice its original length. The new

resistance will be:

(A) 30Q
(B) 90Q
(C) 10Q
(D) 3.33Q

The energy equivalent of 1 mg of matter is:

(A) 9x 10137
(B) 9x 10107
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Q19.

Q20.

Q21.

Q22.

(C) 3x 1087
(D) 1 x1077J

A transistor is operated in common emitter configuration at V., = 2 V. A change
of 100 A 1in base current produces a change of 5 mA in collector current. The

current gain is:

(A) 50

(B) 500
(C) 0.02
(D) 250

A particle is executing SHM with amplitude A. At what distance from the mean

position is its kinetic energy equal to its potential energy?

(A) A2
(B) A/V2
(C) A/V3
(D) A

In an electromagnetic wave, the electric field vector E and magnetic field vector

B are:

(A) Parallel to each other

(B) Perpendicular to each other
(C) Antiparallel to each other

(D) Randomly oriented

The half-life of a radioactive substance is 20 minutes. The time taken between
20% decay and 80% decay is:

(A) 20 min
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Q23.

Q24.

Q25.

(B) 40 min
(C) 30 min
(D) 60 min

A satellite is revolving around the Earth in a circular orbit of radius R. Its time

period is T'. If the radius is increased to 4R, the new time period will be:

(A) 2T
(B) 4T
(C) 8T
(D) 16T

A 50 kg girl wearing high heel shoes balances on a single heel. The heel is
circular with a diameter of 1 cm. The pressure exerted by the heel on the floor

1S:

stiletto point

Circular
Contact
Area

N

Schematic representation of high heel contact point

(A) 6.2 x 10° Pa
(B) 1.5x 10° Pa
(C) 2.4 x 107 Pa
(D) 4.8 x 10° Pa

The work done in pulling a body of mass 5 kg up an inclined plane of angle 30°
and length 10 m is (g = 10 m/s?, ignore friction):
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Q26.

Q27.

Q28.

Inclined Plane Setup

(A) 50017
(B) 2501
(C) 4331
(D) 1007J

A soap bubble of radius r is blown to a radius 2r. If § is the surface tension, the

work done is:

(A) 4nr’S
(B) 8xr2S
(C) 12778
(D) 24nr?S

A copper rod of length [ is rotated with angular frequency w in a uniform
magnetic field B. The induced EMF between the ends of the rod is:

(A) Blw

(B) 1/2Blw

(C) Bl’w

(D) 2Bl*w

The de-Broglie wavelength of a proton accelerated through a potential difference
of 100 V is A. The wavelength of an alpha particle accelerated through the same

potential is:
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Q29.

Q30.

Q31.

(A) /2
(B) 1/2V2
(C) A/V8
(D) 24

A logic gate gives a high output (1) only when both inputs are high (1). This

gate is:

Input A —

Output Y
Input B —
2-Input AND Gate Symbol

(A) OR
(B) AND
(C) NAND
(D) NOR

The speed of sound in an ideal gas at 27°C is v. At what temperature will the

speed be 2v?

(A) 54°C
(B) 108°C
(C) 927°C
(D) 1200°C

If the error in measurement of radius of a sphere is 2%, the error in the

determination of its volume will be:

(A) 2%
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Q32.

Q33.

Q34.

Q3s.

(B) 4%
(C) 6%
(D) 8%

A body of mass m hits a wall with speed v at an angle 60° and bounces back

with the same speed and same angle. The change in momentum is:

(A) mv
(B) 2myv
(C) V3mv
(D) Zero

The escape velocity of a body from the Earth is 11.2 km/s. If the radius of a

planet is double that of Earth but density is same, escape velocity will be:

(A) 11.2 km/s
(B) 22.4 km/s
(C) 5.6 km/s

(D) 44.8 km/s

A simple pendulum has a time period 77 on Earth and 75 on a planet where g is
one-fourth of Earth. The ratio T; /75 is:

(A) 1:1
B) 1:2
(C)2:1
(D) 1:4

The magnifying power of an astronomical telescope in normal adjustment is 10.

If the focal length of the objective is 100 cm, the focal length of the eyepiece is:
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Q36.

Q37.

Q38.

(A) 10 cm
(B) 1cm
(C) 1000 cm
(D) 20 cm

An inductor L and a resistor R are connected in series to an AC source. If
the frequency of the source is increased, the phase angle between voltage and

current:

(A) Increases
(B) Decreases
(C) Remains same

(D) Becomes zero

A mass of 2 kg is whirled in a horizontal circle by a string 1 m long. If the
maximum tension the string can withstand is 200 N, the maximum speed possible

1S:

(A) 10 m/s
(B) 20 m/s
(C) 100 m/s
(D) 5m/s

The work function of a metal is 2 eV. The maximum wavelength of light that

can cause photoelectric emission is:

(A) 621 nm
(B) 1242 nm
(C) 310 nm
(D) 200 nm
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Q39. In a nuclear reactor, moderators are used to:

(A) Slow down neutrons
(B) Absorb neutrons
(C) Accelerate neutrons

(D) Generate more heat

Q40. Two capacitors of 2uF and 4uF are connected in parallel. A potential difference
of 10 V is applied. The total charge stored is:

(A) 20uC
(B) 40uC
(C) 60uC
(D) 6uC

Q41. A ray of light is incident normally on a glass slab (n = 1.5). The angle of

refraction is:

(A) 0°

(B) 30°
(C) 45°
(D) 90°

Q42. In a vernier calliper, 10 divisions of vernier scale coincide with 9 divisions of

main scale. If 1 MSD is 1 mm, the least count is:

Main Scale

|
Do 208 567 8. gl ot

VS
Vernier Scale A

Vernier Scale Alignment Schematic
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Q43.

Q44.

Q45.

(A) 0.1 mm
(B) 0.01 mm
(C) 1 mm
(D) 0.9 mm

The magnetic susceptibility of a paramagnetic material is 1.0 x 107> at 300 K.
Its value at 600 K will be:

(A) 2.0x 107
(B) 0.5%x 107
(C) 1.0x 107
(D) 4.0 x 107>

A body moves along a straight line with constant acceleration. It covers 10 m in

the 2" second and 15 m in the 3™ second. Its initial velocity is:

(A) 2.5 m/s
(B) 5m/s
(C) 7.5 m/s
(D) Zero

The ratio of the radii of the first three Bohr orbits of hydrogen atom is:

(A)1:2:3
B)1:4:9
(C) 1:8:27
(D) 1:V2:3
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Ql.

Detailed Solutions

Concept:
The electrical resistance R of a wire is given by the formula:

l

R=p—

PA

where p is the resistivity, / is the length, and A is the cross-sectional area. To relate resistance to

mass m, we use the density formula d = %, where volume V = A x[. Thus, A = %. Substituting

this into the resistance formula gives:

pdl?

R= P = m

o 2
For the same material (copper), p and d are constant, so R o IE

Solution:
1. We are given the ratios of mass and length for three wires: Ratio of masses, m : my : m3 =1:

3:5Ratioof lengths, [y : b : [3=5:3:1

2. The ratio of their resistances will be:
2 D) 2
b oh b

Ri:Ry:R3=—: :
mi nmy ms

3. Substitute the given ratio values:

52 32 12
Ri:Ry:R3 = —: — : —
1 2R3 1°3 '3
25 9 1
Ri:Ry:R3=— :=: -
1 2R3 1 °3°5
1
R1:R2:R3=25:3:§

4. To clear the fraction, multiply the entire ratio by 5:
1
Ri:Ry:R3=(25%5):(3x5): (§x5)

Ri:Ry:R3=125:15:1

Final Answer: The ratio of their electrical resistance is 125 : 15 : 1.

Answer: (D)

|

14 | Collegedunia


https://www.collegedunia.com

NEET UG Sample Paper Physics

Q2.

Concept:
According to the Work-Energy Theorem, the work done (W) to bring a rotating object to rest is
equal to its initial rotational kinetic energy (K,,;). The rotational kinetic energy is given by:

K —11 2
rot—2w

where [ is the moment of inertia and w is the angular speed. Since all objects have the same mass
M, radius R, and angular speed w, the work done depends solely on their moment of inertia /.
Solution:

1. Identify the moment of inertia for each object about its symmetry axis: For object A (Solid
Sphere): 14 = %MR2 = 0.4M R? For object B (Thin Circular Disk): Ip = %MR2 = 0.5MR? For
object C (Circular Ring): I¢c = MR? = 1.0MR?

2. Since W = %Ia)2 and M, R, w are constant: W oc

3. Compare the moments of inertia: Ic > Ig > 4 (1.0OMR? > 0.5MR? > 0.4MR?)

4. Therefore, the work required to bring them to rest follows the same order: W¢e > Wp > Wy
Final Answer: The relation for work required is We > Wp > Wj4.

Answer: (B)
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Q3.

Concept:
The de-Broglie wavelength (A) of a particle is given by:

An electron starting from rest in a constant electric field E experiences a force F' = eE. Its
acceleration is a = % The velocity at any time ¢ is v = u + at. Since it starts from rest (u = 0):

()

1. Substitute the expression for velocity into the de-Broglie wavelength formula:

Solution:

h h

TR T ek

byl
Bl -

2. To find the rate of change of the de-Broglie wavelength, we differentiate A with respect to time ¢:

=l

dr — dr \eE

We can write this as A =

3. Since h, e, E are constants:

d_ﬂ_ii(—l)
dt  eE dt

da h

(1 xt?

dt eE( X5
a___h
dt ~ eEf?

Final Answer: The rate of change of the de-Broglie wavelength is ——1- .

eEt?
Answer: (A)
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Q4.

Concept:
The average power (P) required to be supplied to a string to maintain a traveling harmonic wave is
given by:
1
P = —uwlA?
SHw A%y

where u is the linear mass density, w is the angular frequency (27 f), A is the amplitude, and v is

the wave speed. The wave speed on a stretched string is given by:
T
V=4|—
u

Solution:
1. Calculate the wave speed v: Given Tension T = 80 N and p = 5 x 1072 kg/m.

80 8000
_ _ = V1600 = 40 m/
Y \/5 % 102 5 i

2. Calculate the angular frequency w: Given frequency f = 60 Hz.
w=2rf=2x3.14x60 = 376.8 rad/s

3. Substitute all values into the power formula: Given A = 6 cm = 0.06 m.

1
P=2x(5x 1072) x (376.8)% x (0.06)2 x 40

P= % % 0.05 x 141978.24 x 0.0036 x 40
P =0.05x%141978.24 x 0.0036 x 20
P =141978.24 x 0.0036 x 1
P=511W

Final Answer: The power that has to be supplied is approximately 511 W.

Answer: (C)
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Qs.

Concept:
In a potentiometer, the unknown EMF E is balanced by the potential drop across the balancing
length [:
E = ¢l
where ¢ is the potential gradient (potential drop per unit length). The potential gradient is
calculated by:
¢ — Vwire — I X Rwire
Liotal Liotal
Vbattery

The current / in the primary circuitis I = %

wiretRexternal

Solution:
1. Calculate the current [ in the primary circuit: Vparrery = 15V, Ryire = 20Q, Rex; = 48082,

15 15
I= 30+a80 =500 =034

2. Calculate the potential drop across the total wire (Vi ir¢):
Vwire = I X Ryire = 0.03x20=0.6 V

3. Calculate the potential gradient ¢: Total length L;;q; = 10 m.

0.6
¢ =5 =0.06 V/m

4. Calculate the unknown EMF E: Balancing length /[ = 600 cm = 6 m.

E=¢x1=006%x6=0.36V

Final Answer: The value of unknown EMF E is 0.36 V.

Answer: (A)
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Q6.

Concept:

The longitudinal stress at any point in a suspended wire is defined as the restoring force per unit
cross-sectional area. The force at a specific point is equal to the total weight of the system hanging
below that point. This includes both the external weight W; and the weight of the segment of the
wire itself that lies below the point of interest.

Solution:

1. The total length of the wire is L and its total weight is W. Since it is a uniform wire, the weight
per unit length is W/L. 2. We need to find the stress at a height of 3L/4 from the lower end. This
means the portion of the wire hanging below this point has a length of / = 3L/4. 3. The weight of

this specific lower segment of the wire (W) is:

W\ 3L 3W
4 4

Wseg = (Z

4. The total downward force (F') acting at that height is the sum of the suspended weight W and
the weight of the lower segment:
3w
F = W1 + T

5. The longitudinal stress is defined as Force/Area. Given the cross-sectional area is S:

W1+3TW

St =
ress S

Final Answer: The stress in the wire at the given height is (W, + 3W/4)/S.

Answer: (C)
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Q7.

Concept:
In interference, the intensity / of light from a slit is directly proportional to its width w (I o w).
The resultant intensity in a double-slit experiment depends on the individual intensities /; and /5.

The maximum and minimum intensities are given by:
Lnax = (‘/E + \/E)Z
I min = (\/E - \/E)Z

Solution:
1. Initially, for equal widths, let I} = I = Iy. Then 1,4 = (2+1y)? = 41y and I,,,;,, = 0. 2. Now,
one slit is made twice as wide as the other. Let the new intensities be Iy = 21y and I, = I. 3. The

new maximum intensity becomes:

L = (V2Io + VIo)? = Ip(V2 + 1)

Since (V2 + 1)? > 4, the intensity of the maxima increases. 4. The new minimum intensity

becomes:
Lin = (V200 = Io)* = Io(V2 - 1)

Since Iy # I, the value of I, . is greater than zero. Therefore, the intensity of the minima also
increases.

Final Answer: The intensities of both the maxima and the minima increase.

Answer: (A)
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Q8.

Concept:

The magnetic field at the center of a circular coil of radius R carrying current / is:

ol
Bienter = I;_R

The magnetic field at a point on the axis of the same coil at a distance x from the center is:

pol R?
2(R? + x2)3/2

Baxis =
Solution:
1. We are given that the point on the axis is at a distance x = R from the center. 2. Substitute

x = R into the axial field formula:

ol R* tol R*

2(R2 + R2)3/2 2(2R2)3/2

Baxis =
3. Simplify the denominator:

(2R2)3/2 — 23/2(R2)3/2 — 2\/§R3

IR _ pol

S0, Buxis = D, A 4. Now, find the ratio B.epnter : Baxis:
I
Bcenter _ ZLR _ 4'\/E _ 2\/5
Baxis ol T 2 T
4V2R

5. Therefore, the ratio is 2V2 : 1.
Final Answer: The ratio of the magnetic fields is 2V2 : 1.

Answer: (B)
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Q9.

Concept:

The total reading (thickness) of a screw gauge is given by:
Reading = MSR + (CSR x LC)

where MSR is the Main Scale Reading, CSR is the Circular Scale Reading, and LC is the Least
Count. The Least Count (LC) is calculated as:

3 Pitch
" Total number of divisions on circular scale

Solution:
1. Calculate the Least Count (LC): Given Pitch = 0.5 mm and Number of divisions = 50.

B 0.5 mm

LC = 30 =0.01 mm

2. Identify the readings: Main scale reading (MSR) corresponds to 2 divisions. Since pitch is
0.5 mm per division:
MSR =2 % 0.5 mm = 1.0 mm

Circular scale reading (CSR) = 20 divisions. 3. Calculate the total thickness:
Thickness = 1.0 mm + (20 x 0.01 mm)

Thickness = 1.0 mm + 0.2 mm = 1.20 mm

Final Answer: The thickness of the glass plate is 1.20 mm.

Answer: (A)
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Q10.

Concept:
According to Einstein’s photoelectric equation, the energy of an incident photon (E) is equal to
the sum of the work function (®g) of the metal and the maximum kinetic energy (K,,) of the
emitted photoelectron:

E =y + Kpax

The work function is the energy corresponding to the threshold frequency (E;nreshoia). The

maximum kinetic energy is related to the stopping potential (Vp) by the relation:
Kinax = eV

Solution:
1. Given the energy corresponding to the threshold frequency is 6.2 eV. Thus, the work function

@Oy = 6.2 eV. 2. Given the stopping potential Vy = 5 V. 3. Calculate the maximum kinetic energy:
Kmax =exX5V =5eV
4. Calculate the energy of the incident radiation (E):
E = ®y + Kpax

E=62eV+5eV=112¢eV

Final Answer: The energy of the incident radiation is 11.2 eV.

Answer: (C)
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Ql1.

Concept:

The work done in a thermodynamic cyclic process is represented by the area enclosed within the
cycle on a pressure-volume (P — V) diagram. If the cycle is traced in a clockwise direction, the
work done by the system is positive. If traced counter-clockwise, the work done is negative. The
work done during an individual step is W = / Pdv.

Solution:

1. Consider a cyclic process ABC D A forming a rectangle on the P — V graph. 2. Let the pressure
change from P; to P, and volume change from V) to V,. 3. The work done is the area of this
rectangle:

Area = (P — Py) X (V, = V)

4. For a standard cycle where the change in pressure is AP and the change in volume is AV, the
magnitude of work is W = APAV. 5. In most competitive exam problems involving a cycle with
sides P and V, the area simply equates to the product of the side lengths. If the cycle returns to the
starting point, the net work is the area of the loop.

Final Answer: The work done by the system in one complete cycle is PV.

Answer: (A)
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Ql12.

Concept:

The efficiency (n7) of a Carnot engine is given by the formula:

Tsink

=1—
]7 Tsource

where temperatures must be in Kelvin. This relationship allows us to determine the source or sink

temperature required to achieve a specific efficiency.

Solution:

1. Initial Case: n; = 40% = 0.4 and T;,x = 300 K.

04=1-—2
0 _04=-06
Tsource
300

Tsource = — = 500K
0.6

2. Second Case: New efficiency 17, = 60% = 0.6. Let the new source temperature be Ty, ..

while T;,x remains 300 K.
300

’
Tsource

06=1-

300

’
Tsource

=1-06=04

T, =@:750K

source 0 4

3. Calculation of Increase: Increase in temperature = 7', Tsource = 750 K=500 K = 250 K.

source

Final Answer: The increase in temperature of the source should be 250 K.

Answer: (A)
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Q13.

Concept:

P = o AT*

where o is the Stefan-Boltzmann constant.
Solution:

are equal (A4 = Ap). 4. The ratio of power radiated is:

Py O'ATX
Pg O'ATg
5. Simplifying the expression:

PA_fo_ Ta\*
PB_T;;_ Tg

Answer: (B)

According to the Stefan-Boltzmann Law, the total power (P) radiated by a perfectly black body is
directly proportional to the fourth power of its absolute temperature (7) and its surface area (A):

1. For body A: P, =0 A ATf‘ 2. For body B: Pp = 0 A BTg 3. We are given that the surface areas

Final Answer: The ratio of the total power radiated is (T4 /Tg)*.
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Q14.

Concept:
For a prism in the position of minimum deviation, the angle of refraction r is related to the prism
angle A by:
A
r=3

The refractive index n of the material of the prism is given by Snell’s law at the first surface:

sin i

 sinr
where i is the angle of incidence.
Solution:

1. Given the refracting angle A = 60°. 2. Calculate the angle of refraction at minimum deviation:

_60°

r= > =30

3. Given the refractive index n = V2. 4. Use Snell’s Law to find the angle of incidence i:

sin i
sin 30°

5. Substitute sin 30° = 1/2:

sini
V2=35

1

sini = V2x0.5 =

ol %
[\®)

6. Since sini = lz’ the angle i = 45°.

Final Answer: The ray should be incident at an angle of 45° for minimum deviation.

Answer: (C)
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Concept:
The mirror formula relates the object distance (), image distance (v), and focal length (f):

1 1 1

f v u

Following the sign convention: - For a convex mirror, the focal length f is positive. - The object is
placed in front, so u is negative. - Image distance v will be positive for a virtual image formed
behind the mirror.

Solution:

1. Given f = +20 cm (convex mirror). 2. Given u = —20 cm (object distance). 3. Substitute

these values into the mirror formula:

r_r,r

20 v =20
4. Rearrange to solve for 1/v:

r_t,t

v 20 20

12 1

v 20 10

5. Therefore, v = +10 cm. 6. The positive sign indicates that the image is virtual, erect, and
formed behind the mirror.
Final Answer: The image is formed at 10 cm behind the mirror.

Answer: (A)
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Q16.

Concept:
The resonant frequency (f;) of a series LCR circuit is the frequency at which the inductive
reactance (X7 ) equals the capacitive reactance (X¢). At this frequency, the impedance of the

circuit is purely resistive and at its minimum value. The formula for resonant frequency is:

1
- 2nVLC

where L is the inductance in Henrys and C is the capacitance in Farads.

fr

Solution:
1. Identify the given values: Inductance, L = 2 H Capacitance, C = 32uF =32 x 10°F
2. Calculate the product LC:

LC=2%x32%x10"%=64x107%¢>

3. Find the square root of LC:
VLC = V64 x 1076 = 8§ x 107

4. Substitute this into the resonant frequency formula:

1

= X (8 x 109

/= 10° 1000
T ST

5. Simplify the fraction: Dividing both numerator and denominator by 8:

125
fr = g Hz

(Note: Based on the provided options in the question list, the value is calculated as 125/x or similar

depending on factor of 27 vs w). Let’s check angular frequency w, = ﬁ = W = 125 rad/s.
Frequency f = % To match Option D: f = % = %

Final Answer: The resonant frequency is 125/ Hz.

Answer: (D)
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Q17.

Concept:
When a wire is stretched, its length increases while its volume remains constant. The resistance R
is given by R = p%. Since Volume V = A X [ is constant, we can write A = % Substituting this
into the resistance formula:
I pl?
R = _— —
V/i 14

This shows that for a given wire, R o [2.
Solution:
1. Let the initial length be /; = L and initial resistance be R; = 10€2. 2. The wire is stretched to
thrice its original length, so the new length is [, = 3L. 3. Using the proportionality R o [2:

Ry (L)
R \p

4. Substitute the values:

10 \L
10‘3‘9

5. Solve for R;:
R, =9 x 10 =90Q

Final Answer: The new resistance will be 90Q.

Answer: (B)
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Q18.

Concept:
According to Albert Einstein’s mass-energy equivalence principle, mass can be converted into

energy. The amount of energy (E) released from a mass (m) is given by:
E =mc

where c is the speed of light in a vacuum (¢ ~ 3 x 10% m/s).

Solution:

1. Identify the given mass and convert it to the standard SI unit (kilograms): m = 1 mg = 1x107> g
m=1x10"%kg

2. Use the speed of light: ¢ = 3 x 108 m/s ¢ = (3 x 10%)? = 9 x 10'6 m?/s?

3. Calculate the energy:

E = (1x107% kg) x (9 x 10'6 m?/s?)

E =9x 10'° Joules

Final Answer: The energy equivalent of 1 mg of matter is 9 x 100 J.

Answer: (B)
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Q19.

Concept:
In a Common Emitter (CE) configuration of a transistor, the current gain (8 or hpg) is defined as

the ratio of the change in collector current (Al¢) to the change in base current (Alp):

_Ale

ﬂ_AIB

This parameter represents how much the input base current is amplified to produce the output
collector current.

Solution:

1. Identify the change in currents from the problem: Change in base current, Alp = 100uA =
100 x 107¢ A Change in collector current, Alc = 5 mA =5 X 1073 A

2. Calculate the current gain 3:

5% 1073
’8:——6
100 x 10
5% 1073
HS e
1x10

3. Simplify the powers of ten:
B=5%x107%x10*=5x%x10" =50

Final Answer: The current gain is 50.

Answer: (A)
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Q20.

Concept:

Potential Energy (PE). At a displacement x from the mean position:

1
PE = E/<x2

KE = %k(Az )

where £ is the force constant and A is the amplitude.
Solution:

1. We are given the condition where Kinetic Energy equals Potential Energy:
KE = PE

2. Substitute the formulas: . i
Ek(Az —x%) = Ekxz

3. Cancel out common terms (%k):

A2 2_ 2
4. Rearrange the equation to solve for x:
A? =247
2
o2
2
5. Taking the square root of both sides:
_ A
V2

Final Answer: The kinetic energy is equal to potential energy at a distance of A/V?2.

Answer: (B)

In Simple Harmonic Motion (SHM), the total energy is the sum of Kinetic Energy (KE) and
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Q21.

Concept:

An electromagnetic (EM) wave consists of oscillating electric field (E ) and magnetic field (E)
vectors. According to Maxwell’s equations, these fields oscillate in phases and are always mutually
perpendicular to each other, as well as perpendicular to the direction of wave propagation. This
transverse nature is a fundamental characteristic of all electromagnetic radiation in a vacuum or
isotropic media.

Solution:

1. In a plane electromagnetic wave propagating along the z-axis, the electric field vector can be
represented as E = Eosin(kz — wt)i and the magnetic field vector as B= By sin(kz — wt)]. 2.
The direction of propagation is given by the Poynting vector, which is the cross product E x B. 3.
For the cross product to define a unique direction of propagation, E and B must have a non-zero
component perpendicular to each other. 4. Specifically, in a vacuum, the dot product E-B=0,
which mathematically proves that the electric and magnetic field vectors are perpendicular to each
other at every point in space and time.

Final Answer: The electric field vector E and magnetic field vector B are perpendicular to each

other.

Answer: (B)
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Q22.
Solution
Concept:
Radioactive decay follows first-order kinetics. The amount of substance remaining N at time ¢ is
given by:
N = Noe™™
Alternatively, using the half-life 77 ,:
1 n
¥ =o3)
where n = t/T ), is the number of half-lives. A 20% decay means 80% of the substance remains
(N1 = 0.8Np). An 80% decay means 20% of the substance remains (N, = 0.2Np).
Solution:
1. Let ¢; be the time for 20% decay:
1 t1 /Ty 1 t1/Ti)2
o= (3) 3
2. Let t, be the time for 80% decay:
1 t/Ti) 1 0 /T2
o= (3) 3
3. To find the time interval Ar = t, — t1, we divide the two equations:
0.2 (1/2)2/Tip
ﬁ - (1/2)t1/T1/2
1 (2—11)/T1)2
025=|=
3
4. Since 0.25 = (1/2):
1 2 1 At/Tl/z
[5) - )
5. Equating the exponents:
At
2=— = At=2XTip
T
6. Given 77/, = 20 min:
At =2 %20 =40 min
Final Answer: The time taken between 20% decay and 80% decay is 40 min.
Answer: (B)
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Q23.
Solution
Concept:

Kepler’s Third Law of Planetary Motion (The Law of Periods) states that the square of the time
period (T) of a satellite is directly proportional to the cube of the radius (R) of its circular orbit:
T’ « R = T o« R*?

This relationship allows us to calculate the change in time period when the orbital radius is

modified.
Solution:
1. Let the initial radius be R; = R and initial time period be 77 = 7. 2. Let the new radius be
R, = 4R and the new time period be 75. 3. Using the ratio form of Kepler’s Third Law:
T, (R 3/2
i \Ri
4. Substitute the given values:
3/2
L _(2R)7 gy
T R
5. Calculate (4)3/%:
432 = (Va3 =23 =38
6. Therefore:
T, =8xT=8T
Final Answer: The new time period will be 87.
Answer: (C)
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Q24.

Concept:

Pressure (P) is defined as the force (F') acting normally per unit area (A):

P==
A

In this case, the force is the weight of the girl (W = mg). The area is the area of the circular heel
(A=nrlor A = ”sz), where d is the diameter.

Solution:

1. Calculate the force (weight): m = 50 kg, g = 9.8 m/s’ (standard) or 10 m/s’ (approx). Using
g=9.8: F =50x9.8 =490 N. 2. Calculate the area of the heel: Diameter d = 1 cm = 0.01 m.
Radius r = 0.5 cm = 0.005 m.

A = 7r? = 3.14 % (0.005)% = 3.14 x 0.000025 = 7.85 x 10~ m?

3. Calculate the pressure:
490

P=——""
7.85 % 103
P ~ 6.24 x 10° Pa

Final Answer: The pressure exerted is 6.2 x 10° Pa.

Answer: (A)
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Q25.

Concept:
The work done (W) in moving an object is the change in its potential energy if moved slowly, or
calculated as W = F'd cos . For an object of mass m pulled up an inclined plane of angle 8 and
length L, the force required (ignoring friction) is equal to the component of weight acting down
the plane:

F =mgsind

The displacement is the length of the incline L.
Solution:
1. Identify the given values: m = Skg, g = 10 m/s?, 6 = 30°, L = 10 m. 2. Calculate the work
done using the formula:
W = (mgsinf) X L

3. Substitute the values:
W = (5x 10 xsin30°) x 10

4. Since sin 30° = 0.5:
W = (50x%0.5) x 10

W=25%x10=2501J

5. Alternatively, work done is mgh, where h = Lsinf = 10 X 0.5 =5 m.
W=5%x10x5=250]

Final Answer: The work done is 250 J.

Answer: (B)
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Q26.

Concept:

A soap bubble has two free surfaces (inner and outer). The surface energy stored in a bubble is
given by the product of the surface tension (§) and the total surface area (A). Since there are two
surfaces, the total area of a bubble of radius 7 is 2 x 477> = 87r2. The work done (W) in blowing

a bubble from an initial radius 7 to a final radius r; is equal to the change in its surface energy:
W=8XAA=S§X (Afinal - Ainitial)

Solution:
1. Identify initial and final states: Initial radius | = r Final radius r, = 2r 2. Calculate initial
surface area (A1):

A, =2 % (4nr?) = 8nr?

3. Calculate final surface area (Aj):
Ay =2 x (47(2r)%) = 2 x 4n(4r?) = 3277
4. Calculate the change in surface area (AA):
AA = Ay — Ay = 2nr* — 8nr? = 24nr?

5. Calculate the work done:
W =S X AA = 24nr%S

Final Answer: The work done is 24772S.

Answer: (D)
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Q27.

Concept:

de = Bvdr = B(rw) dr

Solution:

(r=10):

)
e=/ Bowr dr
0
)
e:Bw/ rdr
0

3. Perform the integration:

4. Apply the limits:

e = Bw K—O —lBlzw
B 2 2

Final Answer: The induced EMF is 1/2Bl?w.

Answer: (B)

When a conducting rod of length / rotates with a constant angular frequency w in a uniform
magnetic field B (perpendicular to the plane of rotation), an EMF is induced between its ends.
This is a case of motional EMF. The linear velocity v of a small element dr at a distance » from

the axis of rotation is v = rw. The small induced EMF de in this element is:

1. To find the total induced EMF (e), we integrate de from the axis (r = 0) to the end of the rod

2. Since B and w are constant, they can be taken out of the integral:
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Q28.

Q29.

Concept:
The de-Broglie wavelength (1) of a particle with charge ¢ and mass m accelerated through a

potential difference V is given by:
h

Jamqv

When comparing two different particles accelerated through the same potential V, we use the

A=

proportionality:
Do
\Vmq
Solution:
1. Let m,, and g, be the mass and charge of a proton. Let m, and g, be the mass and charge of

an alpha particle. 2. We know: m, = 4m, qo = 2q, 3. Write the ratio of wavelengths:

ﬂ_a: /mpclp

/lp Maqa
R 7 T
A (4mp)(2qp) 8

V8 =V4x2=2V2

4. Substitute the values:

5. Simplify the square root:

So, Ay = 2%/5

Final Answer: The wavelength of the alpha particle is 1/2V2.

Answer: (B)

Concept:

Logic gates are the basic building blocks of digital circuits. Each gate follows a specific truth table.
- An OR gate gives high output if any input is high. - An AND gate gives high output ONLY if all
inputs are high. - A NAND gate is the inverse of an AND gate. - A NOR gate is the inverse of an
OR gate.

Solution:

1. The condition provided is: "High output (1) only when both inputs are high (1)". 2. Let’s analyze
the inputs A and B withoutputY: -If A=0,B=0 —= Y =0-f A=1,B=0 = Y =0
-fA=0,B=1 = Y=0-f A=1,B=1 = Y =13. This truth table (Y = A - B)
corresponds specifically to the AND gate. 4. Other gates like OR would give 1 for (1,0) and
(0, 1), while NAND would give O for (1, 1).

Final Answer: The gate is the AND gate.

Answer: (B)
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Q30.

Concept:

The speed of sound (v) in an ideal gas is given by the formula:

yRT
V:W/_
M

where vy is the adiabatic index, R is the gas constant, 7 is the absolute temperature (in Kelvin), and
M is the molar mass. For a specific gas, v « VT.

Solution:

1. Identify the initial state: Initial temperature 77 = 27°C = 27 + 273 = 300 K. Initial speed = v.
2. Identify the final state: Final speed v, = 2v. Final temperature = 7,. 3. Use the proportionality:

vy T2=2v_ T
w T v V300
o |,

300 300

T, =4 %300 =1200 K

4. Square both sides:

5. Solve for T»:

6. Convert the temperature back to Celsius:
T>,(°C) = 1200 — 273 = 927°C

Final Answer: The speed will be 2v at 927°C.

Answer: (C)
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Q31.

Concept:

The volume (V) of a sphere of radius r is given by the formula:

4
V= §7TI"3

When dealing with small percentage errors, the relative error in a calculated quantity is found by
multiplying the relative error of the measured quantity by the power to which it is raised. For
V o r3, the percentage error in V is:

A—V><100=3><(£><100)
\% r

Solution:

1. Identify the given percentage error in the radius:
Errorinr = % x 100 = 2%
2. Use the relation derived from the volume formula:
% Error in V = 3 X (% Error in r)
3. Substitute the given value:
% Errorin V = 3 X 2% = 6%

Final Answer: The error in the determination of volume will be 6%.

Answer: (C)
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Q32.
Solution
Concept:
Momentum is a vector quantity (5 = mv). When a particle bounces off a wall, we must resolve the
velocity into components perpendicular and parallel to the wall. Let the wall be along the y-axis.
If the particle hits at an angle 6 with the normal: - Initial velocity: ¥; = v cos 67 — v sin 6 - Final
velocity: ¥ 7 = —v cos i — v sin §] The change in momentum is Ap = m(v 7 — ¥;).
Solution:
1. The component of velocity parallel to the wall remains unchanged. 2. The component of
velocity perpendicular to the wall changes direction. Initial perpendicular momentum = mv cos
Final perpendicular momentum = —myv cos 6 3. Magnitude of change in momentum:
|Ap| = |(=mv cos 6) — (mv cos 6)| = 2mv cos 0
4. Given 6 = 60° (assuming the angle is with the normal to the wall):
Ap = 2mv cos 60°
5. Since cos 60° = 0.5:
Ap =2mv X 0.5 =mv
(Note: If the angle is with the wall surface, we use sin 8, but standard convention for this problem
type usually refers to the normal).
Final Answer: The change in momentum is mv.
Answer: (A)
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Q33.

Concept:

The escape velocity (v.) from the surface of a planet is given by:

[2GM
Ve = | ——
R

Since mass M = Density(p) X Volume(%er3), we can rewrite v, in terms of density:

2G(p - %ﬂ'R?’) 87Gp
e N7k T N3

This shows that for a constant density, v, « R.

Solution:
1. Initial escape velocity on Earth (v.1) = 11.2 km/s for radius R. 2. For the new planet, the radius
R> = 2R and density p, = p;. 3. Using the proportionality v, o R:

ve2 _ Ry
Ver Ry
4. Substitute the values:
Ve2 2_R —2
112 R

5. Solve for v.s:
Ver = 11.2 X2 =22.4 km/s

Final Answer: The escape velocity will be 22.4 km/s.

Answer: (B)
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Q34.

Concept:

The time period (7T) of a simple pendulum is given by the formula:

T =2r £
8

where [ is the length of the pendulum and g is the acceleration due to gravity. For a pendulum of
1

constant length, T VT

Solution:
1. Let g; be gravity on Earth (g) and g, be gravity on the planet (g/4). 2. The ratio of time periods
is:

L _ &
T, 81
3. Substitute the values:
Tl _ g/4 _ 1
T B g V4
4. Simplify the square root:
1
T, 2

Final Answer: The ratio 7 /T is 1 : 2.

Answer: (B)
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Q3s.
Concept:
For an astronomical telescope in normal adjustment (image formed at infinity), the magnifying
power (M) is given by the ratio of the focal length of the objective (f,) to the focal length of the
eyepiece (fe):
M=
Je
Solution:
1. Identify the given values: Magnifying power, M = 10 Focal length of objective, f, = 100 cm 2.
Use the formula for magnifying power:
1
10 = 00
fe
3. Rearrange to solve for f,:
- 100
10
4. Calculate the result:
fe =10 cm
Final Answer: The focal length of the eyepiece is 10 cm.
Answer: (A)
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Q36.
Solution
Concept:
In a series LCR or LR circuit, the phase angle ¢ between the resultant voltage and the current is
determined by the ratio of the net reactance to the resistance. For an LR circuit (or an LCR circuit
where inductive reactance dominates), the phase angle is given by:
1
Xr—-X wL - ==
tang = 22— 2C = wC
R R
where w = 2xf is the angular frequency. As frequency increases, the inductive reactance Xy,
increases while the capacitive reactance X decreases.
Solution:
. L-—
1. Consider the formula for the phase angle: ¢ = tan~! (wT“’C) 2. When the frequency f of
the source is increased, the angular frequency w also increases. 3. As w increases, the term wL
(inductive reactance) increases and the term % (capacitive reactance) decreases. 4. Consequently,
the numerator (X; — X¢) increases in value. 5. Since R is a constant, the value of tan ¢ increases,
which directly means that the phase angle ¢ increases. 6. In a simple LR circuit (X¢c = 0),
tan ¢ = %, which clearly increases with frequency.
Final Answer: The phase angle between voltage and current increases.
Answer: (A)
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Q37.

Concept:
For an object moving in a horizontal circle, the required centripetal force is provided by the tension

(T) in the string. The formula for centripetal force is:

mv2

F.=—
’
To find the maximum speed (v,,4x) the object can attain without breaking the string, we set the
centripetal force equal to the maximum tension (7}, ) the string can withstand.
Solution:
1. Identify the given parameters: Mass m = 2 kg Length of string (radius) » = 1 m Maximum
tension 7,4 = 200 N

2. Set up the equation for maximum speed:

Tmax - mvgnax
,
3. Substitute the values into the equation:
200 = M
1
4. Solve forv2 200
V2= = =100

5. Take the square root of both sides:
Vmax = V100 = 10 m/s

Final Answer: The maximum speed possible is 10 m/s.

Answer: (A)
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Q38.

Q39.

Concept:
The minimum energy required to eject an electron from a metal surface is called the work function
(®y). For photoelectric emission to occur, the energy of the incident photon (E£) must be at least
equal to the work function. The energy of a photon is given by E = h7‘ The maximum wavelength
(Amax), also known as the threshold wavelength, corresponds to the minimum energy:

hc hc

= Admax = EO

¢)0 ==
max
A useful shortcut for these calculations is ¢ ~ 1240 eV - nm.
Solution:
1. Identify the given work function: ®¢ = 2 eV. 2. Use the conversion constant ~c = 1242 eV - nm
(or 1240 for approximation). 3. Calculate the threshold wavelength:

1242 eV - nm
max — 2 eV
4. Perform the division:
Amax = 621 nm

5. This wavelength represents the upper limit; any light with a longer wavelength will have energy
less than the work function and will not cause emission.

Final Answer: The maximum wavelength of light is 621 nm.

Answer: (A)

Concept:

In a nuclear fission reactor, the fission of Uranium-235 is most efficiently triggered by "slow" or
"thermal" neutrons. However, the neutrons released during the fission process are "fast" neutrons
with high kinetic energy. To maintain a controlled chain reaction, these fast neutrons must be
slowed down without being captured. The materials used for this purpose are called moderators.
Solution:

1. Fast neutrons produced in fission have energies in the MeV range. 2. For effective subsequent
fission of 2>U, neutrons need to be in the thermal energy range (around 0.025 €V). 3. Moderators
(like heavy water, graphite, or ordinary water) consist of light nuclei. 4. When fast neutrons collide
elastically with the nuclei of the moderator, they transfer a significant portion of their kinetic
energy to the moderator atoms. 5. Through a series of such collisions, the neutrons are "slowed
down" to thermal speeds. 6. This process is distinct from control rods, which are designed to
absorb neutrons.

Final Answer: Moderators are used to slow down neutrons.

Answer: (A)
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Q40.

Concept:
When capacitors are connected in parallel, the potential difference (V) across each capacitor is the

same. The equivalent capacitance (C,,) of the combination is the sum of individual capacitances:
Cog=C1+Co+---+C,
The total charge (Q) stored in the combination is given by:
0 =CoyxV

Solution:
1. Identify the given capacitances: C; = 2uF C, = 4uF 2. Calculate the equivalent capacitance
for the parallel connection:

Ceq = 2uF + 4uF = 6uF

3. Identify the applied potential difference: V = 10 V 4. Calculate the total charge stored:
0 =Ceq XV

0 = 6uF x 10 V = 60uC

Final Answer: The total charge stored is 60uC.

Answer: (C)
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Q41.

Concept:
When a ray of light is incident on a surface, the angle of incidence (i) is the angle between the

incident ray and the normal to the surface at the point of incidence. According to Snell’s Law:
nysini = npsinr

where n; and n; are the refractive indices of the two media and r is the angle of refraction. Normal
incidence means the ray travels along the normal line.
Solution:
1. "Incident normally" implies that the ray is perpendicular to the surface of the glass slab. 2.
Therefore, the angle of incidence i is 0° (not 90°, as the angle is measured from the normal). 3.
Apply Snell’s Law:

1 xsin(0°) = 1.5 x sinr

4. Since sin(0°) = 0:
0=1.5xsinr

sinr =0

5. This implies that » = 0°. 6. The ray passes through the slab without any deviation from its
original path.
Final Answer: The angle of refraction is 0°.

Answer: (A)
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Q42.

Concept:

The Least Count (LC) of a Vernier Calliper is the smallest distance that can be measured accurately
using the instrument. It is given by the difference between the value of one Main Scale Division
(MSD) and one Vernier Scale Division (VSD):

LC=1MSD-1VSD

If n divisions of the vernier scale coincide with (n — 1) divisions of the main scale, then
1VSD = =Y Msp.

Solution:

1. Identify the given values: 1 MSD = 1 mm 10 VSD = 9 MSD 2. Calculate the value of 1 VSD:

1 VSD = 19—0 MSD = 0.9 MSD

3. Since 1 MSD = 1 mm:
1 VSD = 0.9 mm

4. Calculate the Least Count:
LC=1MSD -1 VSD

LC=1mm-0.9mm = 0.1 mm

Final Answer: The least count is 0.1 mm.

Answer: (A)
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Q43.

Concept:
According to Curie’s Law for paramagnetic materials, the magnetic susceptibility (y) is inversely

proportional to the absolute temperature (7):

1
X x T — x7T = constant

This means that as the temperature increases, the thermal agitation increases, making it harder for
the magnetic dipoles to align with the external field, thus decreasing susceptibility.

Solution:

1. Write the relationship for two different temperatures:

x11h = x2T>

2. Identify the given values: y; = 1.0 X 1073 7, = 300 K 7> = 600 K 3. Substitute the values into
the equation:
(1.0 x 107%) X 300 = y» x 600

4. Solve for y»:
_ 1.0x107°x 300

A2 = 600

_1.0x107°
-2

Final Answer: The magnetic susceptibility at 600 K is 0.5 x 107,

Answer: (B)

X2 =0.5x%x107
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Q44.

Concept:

(a) is given by:
Sn:u+g(2n—l)

linear equations.
Solution:
1. For the 2™ second (n = 2, S, = 10 m):

2. For the 3" second (n = 3, S5 = 15 m):

3. Subtract equation (1) from equation (2):

5 3
15—10=(u+7a)—(u+7a)

2
5:7" — a=5m/s

4. Substitute a = 5 back into equation (1):

3x5

10=u+ ——
T
100=u+7.5

u=10-75=25m/s

Final Answer: The initial velocity is 2.5 m/s.

Answer: (A)

The distance covered by an object in the n" second (S,,) of its motion under constant acceleration

where u is the initial velocity. We can use the data for two different seconds to set up a system of

10=u+g(2(2)—1) — 1o=u+37“...(1)

5
15:u+%(2(3)—1) — 15=u+7a...(2)
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Q4s.

Concept:
In the Bohr model of the hydrogen atom, the radius of the n'" electron orbit (r,) is directly

proportional to the square of the principal quantum number (#):

rp o n?

. 2 2 . .
The exact formula is r,, = "m’;:z" , but for ratios, we only consider the n? term.

Solution:

1. Identify the values for the first three orbits: For the first orbit, » = 1. For the second orbit, n = 2.
For the third orbit, n = 3. 2. Calculate the squares of these numbers: n% =[2=1 n% =0F =4
n% = 32 = 9 3. The ratio of the radii is:

r1:r2:r3:n%:n%:n§

riirpirz=1:4:9

Final Answer: The ratio of the radii of the first three Bohr orbitsis 1 : 4 : 9.

Answer: (B)
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