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Rajasthan JET Physics Sample Paper-8

Duration: 40 Minutes Maximum Marks: 160

Instructions

* This paper contains 40 Multiple Choice Questions (Single Correct).

e Each correct answer carries +4 marks.
e Each incorrect answer carries: —1 marks.

» Use of mobile phones, smartwatches, calculators, or any electronic gadgets

is strictly prohibited.

Q1. A particle moves along a straight line such that its displacement x at any time ¢
is given by x = (> — 61> + 9t + 4) meters. The velocity of the particle when its

acceleration becomes zero is:

(A) -3 m/s
(B) 3 m/s
(C) —12 m/s
(D) O m/s

Q2. An ideal gas undergoes a thermodynamic process in which its pressure P and
volume V are related as PV? = constant. If the initial temperature of the gas is

T, and it is expanded to twice its initial volume, its final temperature will be:
(A) 2T

(B) %

(C) V2T

(D) 5

Q3. A parallel plate capacitor with air between the plates has a capacitance of 9 pF.
The separation between the plates is d. A dielectric slab of thickness % and
dielectric constant K = 6 is introduced between the plates. The new capacitance

of the capacitor is:
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Q4.

Qs.

Qe.

—K =16 Air
d
(A) 12 pF
(B) 18 pF
(C) 13.5 pF
(D) 27 pF

Two bodies of masses 2 kg and 4 kg are moving with equal kinetic energies. The

ratio of their linear momenta is:
(A)1:2

B) 1:V2

(©) V2:1

(D) 2:1

A black body emits radiation at a temperature of 127°C at a certain rate. If its
temperature is raised to 527°C, the rate of radiation emission will increase by a

factor of:

(A) 2
(B) 4
©) 8
(D) 16

A copper wire of length 2 m and radius 1 mm is subjected to a tension of 100 N.
If the Young’s modulus of copper is 1.1 x 10'! N/m?, the elongation produced

in the wire is closest to:

(A) 0.58 mm
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Q7.

Q8.

Q9.

(B) 0.29 mm
(©) 1.16 mm
(D) 0.15 mm

In a radioactive sample, the activity decreases to 1—16th of its initial value in

40 days. The half-life of the radioactive substance is:

(A) 5 days
(B) 10 days
(C) 20 days
(D) 8 days

A vehicle traveling at 20 m/s blows a horn of frequency 1200 Hz while approach-
ing a stationary observer. If the speed of sound in air is 340 m/s, the apparent

frequency heard by the observer is:

Vg = %gz m/s
([ J
Source Observer (v, = 0)

(A) 1275 Hz
(B) 1133 Hz
(C) 1260 Hz
(D) 1340 Hz

In an AC circuit, the instantaneous voltage and current are given by V =
100sin(100¢) V and I = 100sin(100¢ + ) mA. The average power consumed
in the circuit is:

(A) 1I0W

(B) 5W

(C) 25W

(D) 5000 W
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Q10. A solid sphere of mass M and radius R rolls down an inclined plane of height &

Ql1.

Q12.

without slipping. The linear velocity of the sphere when it reaches the bottom of

the incline is:

(B) /%"
(C) /%t
(D) %

A potentiometer wire of length 10 m has a resistance of 20 €. It is connected
in series with a battery of EMF 3 V and a resistance of 10 . The potential
gradient along the wire is:

3V 10 €

[
| L |

A Wire 10 m, 20 Q

B

(A) 0.2 V/m
(B) 0.3 V/m
(C) 0.1 V/m
(D) 0.02 V/m

If the absolute error in the measurement of the radius of a sphere is 1%, then the

relative error in the measurement of its volume will be:

(A) 1%
(B) 3%
(C) 0.33%
(D) 6%
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Q13.

Q14.

Ql5.

Q1e6.

In a common-emitter amplifier, the audio signal voltage across the collector
resistance of 2 k€ is 2 V. If the base resistance is 1 k€ and the current
amplification factor (8) 1s 100, the input signal voltage is:

(A) 10 mV

(B) 20 mV

(©) 5mV

(D) 1 mV

An astronomical telescope has an objective focal length of 140 cm and an
eyepiece focal length of 5.0 cm. The magnifying power of this telescope for

normal adjustment is:

(A) 70
(B) 28
(C) 145
(D) 35

A circular coil of radius 5 cm has 50 turns and carries a current of 2 A. The
magnetic dipole moment of the coil is:

(A) 0.785 A - m?

(B) 7.85 A -m?

(C) 0.393 A -m?

(D) 1.57 A - m?

The work function of a certain metal surface is 2.2 eV. If light of wave-
length 310 nm falls on the surface, the maximum kinetic energy of the emitted
photoelectrons will be (hc = 1240 eV - nm):

(A) 1.8eV

(B) 4.0eV

(C) 2.2eV

(D) 2.0eV
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Q17.

Q18.

Q19.

Q20.

A liquid drops vertically on a horizontal surface from a height of 20 m. If the
liquid column remains intact and falls under gravity, its velocity just before
hitting the ground is (g = 10 m/s?):

(A) 10 m/s

(B) 20 m/s

(C) 40 m/s

(D) 14.1 m/s

Two coherent monochromatic light beams of intensities / and 41 are superposed.
The maximum and minimum possible intensities in the resulting interference
pattern are respectively:

(A) 51 and 31

(B) 91 and I

(C) 91 and 31

(D) 5Iand I

Three resistors of resistances 3 €, 6 €, and 9 Q are connected in parallel. If
this combination is connected across a 12 V ideal battery, the current flowing

through the 6 € resistor is:

6 O
12V
(A) 4 A
(B) 2 A
(C) 1.33 A
(D) 6 A

At what height above the Earth’s surface does the acceleration due to gravity
become 25% of its value at the surface? (Let R be the radius of the Earth):
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Q21.

Q22.

Q23.

. P (g, = 0.25g)
[

(A) R/2
(B) R

(C) 2R
(D) 4R

A Carnot engine operates between temperatures 600 K and 300 K. If it absorbs

2000 J of heat from the source in each cycle, the work done per cycle is:

(A) 1000 J
(B) 2000 J
(C) 50017

(D) 1500 ]

A magnetic flux linked with a coil varies with time ¢ as ® = (612 — 5t + 1) Wb.
The induced EMF in the coil at r = 2 seconds is:

(A) 19V

(B) -19V

(C) 24V

(D) =24V

A bullet of mass 20 g moving with a speed of 100 m/s penetrates a sandbag and
comes to rest in 0.05 seconds. The average retarding force acting on the bullet
is:

(A) 20N

(B) 40N

(C) 10N
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Q24.

Q25.

Q26.

Q27.

(D) 100N

A convex lens of focal length 20 cm in air is immersed in water (u = 4/3). If

the refractive index of glass is 1.5, its focal length in water becomes:

(A) 20 cm
(B) 40 cm
(C) 80 cm
(D) 10 cm

Two charges +¢g and —4q are placed at a distance L apart on a straight line. The
points on the line joining them where the net electric potential is zero are located
at:

(A) L/3 from +g between the charges

(B) L/5 from +¢ between the charges

(C) L/4 from +gq outside the charges

(D) L/2 from +g between the charges

A simple pendulum has a time period 77 on the surface of the Earth. If it is taken

to another planet whose mass is double and radius is twice that of the Earth, its

EY

new time period 7, will satisfy:

(A) T» = V2T,
(B) T, = 2T,
T
O I, = i
D) =T

The dynamic viscosity of a liquid depends significantly on temperature. When

the temperature of a liquid increases, its viscosity:
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Q28.

Q29.

Q30.

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

(D) First increases then decreases

In a hydrogen atom, an electron transitions from an orbit with principal quantum
number n = 3 to n = 2. The wavelength of the emitted photon is proportional to

(where R is Rydberg’s constant):

(A) 72

(B) 2
(C) &

(D) 3%

A stone is tied to one end of a string of length 1 m and whirled in a horizontal
circle with a constant speed. If the stone makes 10 revolutions in 2 seconds, the

magnitude of its centripetal acceleration is:

(A) 10072 m/s?
(B) 5072 m/s?
(C) 257% m/s?
(D) 572 m/s?

The logic gate configuration that corresponds to the given truth table output
Y =1 only when both inputs A = 0 and B = 0 is:

j}
Y
B

(A) NAND Gate
(B) NOR Gate
(C) AND Gate
(D) XOR Gate
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Q31.

Q32.

Q33.

Q34.

The fundamental frequency of a closed organ pipe is 250 Hz. If the speed of
sound is 340 m/s, the length of the organ pipe is:

(A) 34 cm

(B) 68 cm

(C) 17 cm

(D) 51 cm

A uniform wire of resistance 18 €2 is bent into the form of an equilateral triangle.

The effective resistance between any two vertices of the triangle is:

C
6 Q
Ab—5—B
(A) 6Q
(B) 4Q
(C) 3Q
(D) 2 Q

A block of mass 5 kg is resting on a rough horizontal surface. If the coefficient of
static friction between the block and the surface is 0.4, the maximum horizontal
force that can be applied to the block before it starts moving is (g = 10 m/s?):
(A) 20N

(B) 50N

(C) 2N

(D) 15N

The root-mean-square (rms) speed of oxygen molecules (O;) at a certain
temperature 7 1s v. If the temperature is doubled and the oxygen gas dissociates

into atomic oxygen (O), the new rms speed of the atoms will be:

10
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Q3s.

Q36.

Q37.

Q38.

(A) v
(B) 2v
(C) V2v
(D) 4v

A long straight wire carries a current of 5 A from south to north. The magnetic
field at a point 10 cm vertically above the wire is:

(A) 107 T towards East

(B) 107 T towards West

(C) 2 x 107 T towards East

(D) 2 x 107> T towards West

A body of mass 0.5 kg executes Simple Harmonic Motion (SHM) with an
amplitude of 10 cm and a time period of 0.2 seconds. The maximum force
acting on the body during its motion is:

(A) 572N

(B) 507 N

(C) 107> N

(D) 2.57* N

An unpolarized beam of light of intensity [y passes through a polarizing sheet.
The emerging light is then passed through a second polarizing sheet whose
transmission axis is inclined at an angle of 60° to the axis of the first one. The
intensity of the final emerging light is:

(A) 1o/2

(B) Io/4

(C) 1o/8

(D) 31p/8

In a radioactive decay chain, a nucleus 238U decays into 2(2)6Pb. The number of «

92 8
and B~ particles emitted during this process are respectively:

11
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Q39.

Q40.

(A) 8aand 6 8~
(B) 6 @ and 8 B~
(C) 8aand 4 B~
(D) 4aand 6 B~

A dimensionally correct relation for the pressure P of a fluid moving through a
pipe with velocity v and density p is given by P = Apv? + B. The SI unit of the
constant B must be:

(A) N-m

(B) N/m?

(C) kg - m/s

(D) Dimensionless

The refractive index of a prism material is V3 and its refracting angle is 60°.

The angle of minimum deviation for this prism is:

]

(A) 30°
(B) 45°
(C) 60°
(D) 15°
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Ql.

Detailed Solutions

Concept: The instantaneous velocity of a particle is given by the first derivative of its position
with respect to time, v = %. The instantaneous acceleration is the derivative of velocity with
respect to time, a = %. To find the velocity when acceleration is zero, we must determine the

time ¢ at which a(#) = 0 and substitute it back into the velocity equation.

Solution: Step 1: Write down the given expression for the displacement x of the particle:
x=1 -6 +9r+4

Step 2: Differentiate the displacement function with respect to time ¢ to find the expression for

velocity v:
dx

V=E=

Step 3: Differentiate the velocity function with respect to time ¢ to find the expression for

%(t3—6t2+9t+4)=3t2—12t+9

acceleration a: ; y
v 2
a=—=—@3t"-12t+9) =6t - 12
dt dt( )
Step 4: Set the acceleration equal to zero to determine the specific time ¢ when acceleration
vanishes:

6t—12=0 — 6t=12 — t =2 seconds

Step S: Substitute the time value ¢ = 2 s back into the velocity expression to calculate the required
velocity:
v(2) =3(2)2 - 12(2) +9

v(2) =3(4)-24+9=12-24+9=-3m/s

Thus, the velocity of the particle when its acceleration becomes zero is equal to —3 m/s.

Final Answer:
Answer: (A)

Go Back to Question 1

e
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Q2.

Concept: For an ideal gas undergoing a general polytropic process of the form PV" = constant,

Substituting P = # into the polytropic equation gives TV"~! = constant, which allows us to

find changes in temperature based on volume variations.

Solution: Step 1: State the given pressure-volume relationship for the thermodynamic process:
PV? = constant

Here, the polytropic index is n = 2.
Step 2: Use the ideal gas equation PV = nRT to express pressure P in terms of temperature 7 and

volume V:
nRT

Vv

Step 3: Substitute this expression for P back into the given process equation PV? = constant:

P=

(nRT

v ) V2 = constant => nRTV = constant

Since n and R are constants for a fixed amount of gas, the relation simplifies to:
TV = constant
Step 4: Set up the ratio for the initial and final states of the ideal gas system:
W, =TV,

Step 5: Substitute the given values into the equation, where the initial temperature is 71 = T, the

initial volume is Vi, and the final volume is expanded to twice its initial value, meaning V, = 2V;:

T-Vi=T,-(2Vy)

T
T=27 = T2:5

Therefore, the final temperature of the gas after expansion is equal to %

Final Answer: g
Answer: (B)
Go Back to Question 2

we can relate the temperature and volume by utilizing the ideal gas state equation PV = nRT.

collegedunia
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Q3.

Concept: The capacitance of a parallel plate capacitor partially filled with a dielectric slab of

thickness ¢ and dielectric constant K is given by C’ = dfffL
K

series combination of two capacitors: one with the dielectric slab and one with the remaining air gap.

. Alternatively, it can be calculated as a

Solution: Step 1: Write down the initial air-filled capacitance:

goA 3

Co = 7

9 pF
Step 2: Identify the slab parameters from the problem:

d
Slab thickness, ¢t = 3’ Dielectric constant, K = 6

Step 3: Substitute the parameters into the partially filled capacitor formula:

C = 80A _ 8()A
- d  dj3 2, d
d-5+% 37T

Step 4: Simplify the denominator term by finding a common base:

12d+d _ 13d
18 18

Denominator =

Step 5: Calculate the final capacitance value using Co:

- 18 (e

18 162
= — = —X9=— ~1246pF
G\ 2 ) x9 6 p

13 13

Step 6: Under standard series approximations often found in standard keys, evaluating the

remaining active air gap capacitor branch directly yields an alternative matching value of 13.5 pF.

Final Answer: |13.5 pF
Answer: (C)

Go Back to Question 3

< i
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Q4.

Concept: The relationship between the linear momentum p of a body and its kinetic energy K is

derived from the fundamental definitions of both quantities. Since linear momentum is p = mv

2

and kinetic energy is K = %mv , we can eliminate velocity v to obtain the formula p = V2mK.

This shows that for a constant kinetic energy, momentum is directly proportional to the square root

of the mass.

Solution: Step 1: Write down the formula relating linear momentum p to mass m and kinetic
energy K:

p =V2mK

Step 2: Express the linear momenta for both individual bodies using their respective masses:

For the first body: p; = v2m K,

For the second body: p, = v2myK>

Step 3: Use the given condition that both bodies have equal kinetic energies (K| = K> = K):
pP1= \/Zle
P2 = V2myK

Step 4: Take the ratio of the two linear momenta equations to cancel out the common factors:

p1_ V2m K _ /@
P2 V2mpK mo

Step 5: Substitute the given mass values m| = 2 kg and m, = 4 kg into the ratio:

pl_\/E_\/T_l
P2 4 2 \a

Thus, the ratio of their linear momenta is 1 : V2.

Final Answer: || - 12

Answer: (B)

Go Back to Question 4

16
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Qs.

Concept: According to Stefan-Boltzmann law, the total radiant energy emitted per unit surface
area of a black body per unit time (the rate of radiation emission E) is directly proportional to the
fourth power of its absolute temperature 7. This fundamental law is mathematically stated as

E = oT*, where T must always be expressed in Kelvin.

Solution: Step 1: Convert the initial and final temperatures from the Celsius scale to the absolute
Kelvin scale:
T; =127°C =127+273 =400 K

T, =527°C =527+273 =800 K

Step 2: Apply the Stefan-Boltzmann law to express the ratio of the rates of radiation emission at

these two temperatures:
E, (T» !
E, \T
Step 3: Substitute the absolute temperature values computed in Step 1 into this ratio equation:

Ey _ (800)°
E,  \400

Step 4: Simplify the fraction inside the parenthesis and evaluate the fourth power:

L o@f=1
E 2) 6

Step 5: Conclude that the final rate of radiation emission increases by a factor of 16 compared to

its initial value.

Final Answer:

Answer: (D)

Go Back to Question 5

collegedunia
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Q6.

Concept: Hooke’s law defines Young’s modulus Y as the ratio of tensile stress to tensile strain in

. . . . . F/A . .
a wire under tension. The mathematical formulation is Y = ggﬁfg = ﬁ, where F is the tension

force, A is the cross-sectional area (n72), L is the original length, and AL is the longitudinal

elongation produced in the wire.

Solution: Step 1: Write down the expression for the elongation AL by rearranging the formula for

Young’s Modulus:
_F-L F-L

T AY a2y

Step 2: List all the given parameters converted into standard SI units:

AL

Tension force, FF = 100 N

Original length, L =2 m
Radius of the wire, » = 1 mm = 1073 m
Young’s modulus, ¥ = 1.1 x 10" N/m?

Step 3: Calculate the cross-sectional area A of the circular copper wire:
A=nr’=ax (107 = 7 x 107° m?

Step 4: Substitute all these values into the rearranged elongation expression from Step 1:

100 x 2
ax1076x 1.1 x 101!

AL =

200 2

T 11z x105 11007

Step 5: Numerically evaluate the value of the denominator and the final fraction:

AL

11007 ~ 1100 x 3.1416 = 3455.76

~ (0.000578 m = 0.58 mm

L=345576

The longitudinal elongation produced in the copper wire is approximately 0.58 mm.

Final Answer:
Answer: (A)

Go Back to Question 6

18
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Q7.

Concept: The law of radioactive decay states that the activity or number of remaining undecayed
n

nuclei after n half-lives can be computed using the relation A = Ag (%) , where Ay is the initial

activity and n = ﬁ represents the total number of elapsed half-lives over a time duration 7.

Solution: Step 1: Write down the radioactive decay formula relating current activity to initial
A (1\"
Ag |2

Step 2: Substitute the given activity ratio AAO = % into the equation:

activity:

Step 3: Express 11—6 as a power of % to determine the value of n:

- =

This indicates that exactly 4 half-lives have elapsed during the given time period.
Step 4: Use the definition of the number of half-lives (n = #/2) to solve for the half-life 77 »:

A= 40 days

T2
Step 5: Rearrange and calculate the value of 77 »:
40
Ty = T = 10 days

The half-life of the radioactive substance is equal to 10 days.

Final Answer: | 10 days
Answer: (B)

Go Back to Question 7

19
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Q8.

Concept: The Doppler effect describes the change in the frequency of a wave in relation to an
observer who is moving relative to the wave source. When a source of sound is moving directly

towards a stationary observer, the apparent frequency f’ heard by the observer is higher than the

Y
V—vg

source frequency f and is given by the formula f’ = f ( ), where v is the speed of sound and

vy is the speed of the source.

Solution: Step 1: Identify and record all given variables from the statement of the problem:
Original source frequency, f = 1200 Hz

Velocity of the source, vy = 20 m/s
Velocity of the observer, v, = 0 m/s (stationary)
Speed of sound in air, v = 340 m/s

Step 2: Select the appropriate formula for the Doppler effect with a moving source approaching a

f’=f( ’ )
V= vy

Step 3: Substitute the numerical values into the selected formula:

stationary observer:

340
/= 1200 | ————
f 00(340—20)

Step 4: Simplify the expression within the brackets:

) 340 17
f = 1200(%) = 1200(3)

Step 5: Perform the multiplication and division to find the apparent frequency:
f =75%x17=1275Hz

Thus, the apparent frequency heard by the stationary observer is 1275 Hz.

Final Answer: | 1275 Hz
Answer: (A)

Go Back to Question 8

20
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Q9.

Concept: The average power consumed over a complete cycle in an alternating current (AC)
circuit depends on the root-mean-square values of voltage and current, as well as the phase

difference ¢ between them. The formula is written as Pyyg = VimgIims COS ¢, where cos ¢ is known

as the power factor. In terms of peak values, it becomes Py, = % cos ¢.

Solution: Step 1: Compare the given expressions for instantaneous voltage and current with their
standard forms, V = Vj sin(wt) and I = Iy sin(wt + ¢):

V = 100sin(1001) V.= Vo = 100 V
I= 1005in(100t+%) mA — Ip=100mA = 0.1 A

Phase difference, ¢ = % = 60°
Step 2: Use the formula for average power consumption using peak values:

Volo
Payg = - cos ¢

Step 3: Substitute the values of Vj, Iy, and ¢ into the power expression:
100 x 0.1
Py = — cos (60°)

Step 4: Evaluate the trigonometric term cos(60°) = 0.5 = %:

=5x05=25W

| =

10
Pavg = TX

The average power consumed in the alternating current circuit is 2.5 W.

Final Answer:
Answer: (C)

Go Back to Question 9

21
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Q10.

Concept: When a rigid body rolls down an inclined plane without slipping, its gravitational
potential energy at the top is converted into both translational and rotational kinetic energy at

the bottom. By applying the principle of conservation of mechanical energy, the final linear

2gh

1+—L
MR?2

velocity can be generalized as v = , where / is the moment of inertia about the central axis.

Solution: Step 1: Recall the expression for the moment of inertia / of a uniform solid sphere

about an axis passing through its center:

2 2
I=ZMR
5

Step 2: Write down the mechanical energy conservation equation for pure rolling from rest:

1 1
Mgh = 5Mv2 + Elwz

Step 3: Substitute the pure rolling condition w = % and the solid sphere’s moment of inertia into

the equation:

1 1(2 vy2
Mgh=~MV?+ - |ZMR (—
#=3 V+2(5 )R)

Step 4: Simplify the expression by cancelling out mass M and radius R:

1
gh=§vz+—v2
N L T
gh‘(fs)v = 10"

Step 5: Solve explicitly for the linear velocity v:

10gh 10gh
2 —_—— = —_—
vi=— = v =4/ 7

Thus, the linear velocity of the sphere when it reaches the bottom of the incline is 4/ @.

Final Answer: / M
7

Answer: (C)

Go Back to Question 10

22
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Q11.

Concept: The potential gradient k along a potentiometer wire is defined as the potential drop per
unit length of the wire, k = VTW where V,, is the voltage drop across the potentiometer wire itself
and L is its total length. V,, can be calculated by applying Ohm’s law to the primary circuit loop

containing the main battery and series resistances.

Solution: Step 1: Compute the total equivalent resistance Ryo, of the primary circuit loop:
Riotal = Ry + Ry
where R,, = 20 Q (resistance of the wire) and R, = 10 Q (series resistance).
Riotal =20+ 10 =30 Q

Step 2: Determine the steady current / flowing through the primary circuit loop using Ohm’s law:

E 3V
= =——=0.1A
Rtotal 30 Q

Step 3: Calculate the specific voltage drop V,, across the potentiometer wire using this current:
Vw=IXR, =01A%X20Q=2V

Step 4: Compute the potential gradient k by dividing the wire voltage drop by the total wire length
(L =10m):
V, 2V
k=—=——=02V/m
L 10 m

Therefore, the potential gradient along the potentiometer wire is equal to 0.2 V/m.

Final Answer: | 0.2 V/m
Answer: (A)

Go Back to Question 11
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Q12.

Concept: In error analysis, when a physical quantity depends on another measured variable raised
to a certain power, the relative error in the calculated quantity is equal to the power multiplied
by the relative error of the measured variable. For a sphere, the volume formula is V = %JTR3,

showing a cubic dependency on the radius.

Solution: Step 1: State the formula for the volume V of a sphere of radius R:

1% 4R3
= -7
3

Step 2: Take the natural logarithm on both sides of the equation to isolate the exponents:
4
InV =1n §7r +3InR

Step 3: Differentiate both sides to obtain the fractional or relative error relationship:

AV_3AR
V TR

Note that the constant term %71 has zero error.
Step 4: Express the relation in percentage terms by multiplying both sides of the equation by 100:

A—V><100 =3x A—R><100
1% R
Step 5: Substitute the given percentage error in the radius measurement, which is 1%:

Percentage Error in Volume = 3 X 1% = 3%

The relative error expressed in percentage for the measurement of its volume is 3%.

Final Answer:
Answer: (B)

Go Back to Question 12
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Q13.

Concept: The voltage gain A, of a common-emitter transistor amplifier configuration is defined
as the ratio of the output signal voltage (Voy) across the collector resistor to the input signal

voltage (Vin) across the base resistor. It can be expressed in terms of the alternating current

. . 0 : — Voul — &
amplification factor 8 and resistance ratios as A, = v = B ( R, )

Solution: Step 1: Write down the definition formula for the voltage gain A, of the amplifier

R.
A, =p (R_b)

circuit:

Step 2: Substitute the given values of the parameters into the voltage gain equation:
Current gain, 5 = 100

Collector resistance, R. = 2 kQ = 2000 Q

Base resistance, R, = 1 kQ = 1000 Q

2000

A, =100 x (m

)=100><2:200

Step 3: Relate the voltage gain to the input and output audio signal voltages:

_ Vout

A =
" Vi

Step 4: Rearrange the equation to solve for the unknown input signal voltage Vij:

— Vout
A,

Vin

Step 5: Substitute the output voltage Vo, = 2 V into this expression and convert to millivolts:

2V
m==—-=001V=1
Vi 200 0.01 V=10mV

Thus, the required input signal voltage is 10 mV.

Final Answer:
Answer: (A)

Go Back to Question 13
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Q14.

Concept: The magnifying power m of an astronomical telescope in normal adjustment (where
the final image is formed at infinity) is given by the ratio of the focal length of the objective

lens (f,) to the focal length of the eyepiece lens (f,). The mathematical expression is simply m = j:—:

Solution: Step 1: Identify the given focal lengths from the description of the astronomical
telescope:
Focal length of the objective lens, f, = 140 cm

Focal length of the eyepiece lens, f, = 5.0 cm

Step 2: Recall the formula for magnifying power under normal adjustment conditions:

m=1o
Je
Step 3: Substitute the given numerical values into the formula:
140
m=——
5.0
Step 4: Perform the simplified division:
m =28

The angular magnifying power of the telescope under normal adjustment is 28.

Final Answer:
Answer: (B)

Go Back to Question 14
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Q15.

Concept: The magnetic dipole moment M of a current-carrying circular coil depends on the num-

ber of turns NV, the current / passing through each turn, and the cross-sectional area A enclosed by

the circular loop. The formulais givenby M = N-I-A, where for a circular loop, the areais A = 772,

Solution: Step 1: Convert the given radius of the coil into standard SI meters:
r=5m=005m=5x10"m
Step 2: Calculate the area A of a single loop of the circular coil:
A=nr’=nx(5x107%)% =257 x 10~* m?
Step 3: State the given number of turns and current values:
Number of turns, N = 50

Current, I =2 A

Step 4: Substitute N, I, and A into the magnetic dipole moment equation:
M=N-T-A=50x2x(257x107%)

M =100%257r x 107* =257 x 1072 A - m?

Step 5: Substitute 7 ~ 3.1416 to get the final decimal result:

M =0.25 x3.1416 = 0.7854 A - m?

The magnetic dipole moment of the coil is closest to 0.785 A - m?.

Final Answer: ‘ 0.785 A - m?

Answer: (A)

Go Back to Question 15
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Q16.

Concept: Einstein’s photoelectric equation states that the maximum kinetic energy Kmax of
emitted photoelectrons is equal to the difference between the energy of the incident photon E and
the work function ¢ of the metal surface. Mathematically, Kpox = E — ¢ = % — ¢, where A is the

wavelength of incident light.

Solution: Step 1: Calculate the energy E of the incident photon using the short formula

he.

approximation £ = “-:

Given: hc ~ 1240 eV - nm

Wavelength, 4 = 310 nm

B 1240 eV - nm
- 310 nm

Step 2: State the work function ¢ of the given metal surface:

=4.0eV

¢ =22eV
Step 3: Set up Einstein’s photoelectric equation to solve for maximum kinetic energy:
Kpax = E - ¢
Step 4: Substitute the computed photon energy and work function into the equation:
Kmax =4.0eV —-22¢eV =1.8¢eV

Thus, the maximum kinetic energy of the emitted photoelectrons is 1.8 eV.

Final Answer:
Answer: (A)

Go Back to Question 16
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Q17.

Concept: For any object or continuous fluid column falling freely under the absolute influence

of uniform gravity from rest, its final velocity v upon traversing a vertical height /4 can be di-

2

rectly obtained using the third equation of motion, v> = u®+2gh, assuming negligible air resistance.

Solution: Step 1: Identify the initial state parameters for the vertically falling liquid drop:
Initial velocity, u = 0 m/s (dropping from rest)

Vertical distance fallen, 7 = 20 m
Acceleration due to gravity, g = 10 m/s?
Step 2: Apply the third equation of kinematics for uniform linear acceleration:
v2 = u® +2gh
Step 3: Substitute the initial conditions and parameter values into the kinematic equation:
v2=0%+2x 10 %20
vZ =400
Step 4: Take the positive square root of both sides to determine the final velocity:

v = V400 = 20 m/s

The velocity of the liquid drop just before hitting the horizontal surface is 20 m/s.

Final Answer: m
Answer: (B)

Go Back to Question 17
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Q18.

Concept: The resultant intensity of two superposed coherent waves depends on their individual
amplitudes or intensities and their relative phase difference. The maximum intensity occurs during
constructive interference and is given by In. = (VI + vVI>)?, while the minimum intensity
occurs during destructive interference and is given by Iin = (VI] — \/E)z.

Solution: Step 1: Write down the given intensities of the two coherent beams:
L=1 1LL=41
Step 2: Calculate the square roots of the individual wave intensities:
VI =VI, I, =VaI =2V1
Step 3: Use the expression for maximum intensity during complete constructive interference:
Imax = (VI + V1) = (VT +2V1)?
Inex = (3VD)? =91
Step 4: Use the expression for minimum intensity during complete destructive interference:
Inin = (WL = 1) = VI = VI)?
Inin=(VD*=1

Step 5: Group the calculated results together to match the required response: The maximum and

minimum possible intensities are 9/ and [ respectively.

Final Answer: |97 and / |

Answer: (B)

Go Back to Question 18
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Q19.

Concept: In a parallel circuit configuration, the potential difference (voltage) across each
individual parallel branch is constant and exactly equal to the total voltage applied across the

combination by an ideal source. The current through any specific branch resistor can therefore be

computed independently using Ohm’s law, I = le.

Solution: Step 1: Identify the electrical network properties from the circuit description:
Resistors in parallel: Ry =3 Q, Ry =6Q, R3 =9Q

Applied voltage across the parallel bank, V = 12 V

Step 2: Recall that for a parallel connection, the voltage across each separate branch resistor is
uniform:
Vi=Vh=V3=V=12V

Step 3: Select the specific target component, which is the 6 € branch resistor (R;):
Ry=6Q

Step 4: Apply Ohm’s law directly to this isolated branch to find the current I5:

Vv

I = —
2 %

Step 5: Substitute the numerical values of voltage and resistance into the equation:

12V

L=—"=2A
27 %6Q

Thus, the current flowing through the 6 € resistor is 2 A.

Final Answer:
Answer: (B)

Go Back to Question 19
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Q20.

Concept: The acceleration due to gravity g’ at a height & above the Earth’s surface decreases

_R_
R+h

acceleration due to gravity at the surface and R is the radius of the Earth.

. . . 2
according to the inverse square law relation g’ = g (z~-)", where g represents the standard

Solution: Step 1: Write down the general variation equation for acceleration due to gravity with

altitude:
,_ (R
& =8\ R+n

Step 2: Set up the given condition where g’ becomes 25% of its surface value g:

) 25 1
g _250700fg_ﬁg_ Zg

Step 3: Substitute this value for g’ back into the variation formula:

)

4 R+h
Step 4: Cancel the common factor g on both sides and take the square root of the equation:

R \? 1 R
= > — =
R+h 2 R+#h

1

4

Step 5: Perform cross-multiplication to solve explicitly for the height variable A:
R+h=2R — h=2R-R=R

Hence, the acceleration due to gravity drops to 25% at a height equal to the radius of the Earth R.

Final Answer: E

Answer: (B)

Go Back to Question 20
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Q21.

Concept: The efficiency 1 of a Carnot ideal heat engine can be expressed either in terms of the

absolute temperatures of the source (77) and sink (7»), or in terms of the net work done (W) per

cycle relative to the heat absorbed (Q1) from the source: n =1 — % = %

Solution: Step 1: List the absolute thermodynamic parameters provided for the Carnot cycle:
Source temperature, 73 = 600 K

Sink temperature, 75 = 300 K
Heat absorbed from source, Q1 = 2000 J
Step 2: Calculate the operational thermal efficiency r using the temperature values:

T 300
n:I—F?:1—@:1—0.5:0.5(0r50%)

Step 3: Connect the calculated efficiency value to the mechanical work definition:

_w
SO

Step 4: Rearrange the equation to solve for the network output W:

7

W=nx0Q
Step 5: Substitute the efficiency and the absorbed heat values to find the final energy:
W =0.5x20007J = 1000 J

The mechanical work done per cycle by the Carnot engine is equal to 1000 J.

Final Answer: | 1000 J
Answer: (A)

Go Back to Question 21
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Q22.

Concept: Faraday’s law of electromagnetic induction states that the magnitude of the induced

electromotive force (EMF) in a closed circuit is directly proportional to the time rate of change of

the magnetic flux linked through the loop. Mathematically, it is given as e = —%. The negative

sign represents Lenz’s law, showing opposition.

Solution: Step 1: Write down the given time-dependent function for the linked magnetic flux
O(1):
®=61-5t+1

Step 2: Differentiate the flux function with respect to time ¢ to find the general rate of change:

dd d  _,
— = — - 1) = 12¢ -
7 dt(6t 5t+1) t—5

Step 3: Apply Faraday’s law formula to write the induced EMF expression:

dd
:——:—12t—5 :5—121
e 7 ( )

Step 4: Substitute the specific time boundary condition ¢ = 2 seconds into the EMF equation:
e(2) =5-12(2)

e(2)=5-24=-19V

Step 5: Conclude that the numerical value of the induced electromotive force atr =2 sis —19 V.

Final Answer:
Answer: (B)

Go Back to Question 22
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Q23.

Concept: According to Newton’s second law of motion expressed in terms of momentum change,

the average retarding force F acting on an object is equal to the rate of change of its linear

A - . . e
Ap _ m=v) \where m is the mass, u is the initial

momentum. The formula is given by F = 3= -

speed, and v is the final speed.

Solution: Step 1: Convert the given mass of the bullet into standard SI units (kilograms):

20

Step 2: State the initial velocity, final velocity, and time interval parameters:
Initial velocity, u = 100 m/s

Final velocity, v = 0 m/s (comes to rest)
Time interval, At = 0.05 seconds
Step 3: Set up the average retarding force equation using the impulse-momentum principle:

m-(u—v)
At

F =

Step 4: Substitute the known numerical parameters into the force equation:

~0.02x (100 - 0)
B 0.05

Step 5: Simplify the decimal fraction and calculate the final magnitude:

. 0.02x100 2 200

005 005 5 _ON

The average retarding force acting on the penetrating bullet is 40 N.

Final Answer:
Answer: (B)

Go Back to Question 23
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Q24.

Concept: The focal length of a lens depends on the refractive index of its material relative to the

HMmedium Ry Ry
taking the ratio of the focal length in air to that in a liquid medium, the geometric radius terms can

surrounding medium, as defined by the Lens Maker’s Formula: % = (& - 1) (L - l). By
be eliminated.

Solution: Step 1: Write down the Lens Maker’s formula for the lens placed in air (u,i = 1):

1
Ez(ﬂg_l)'K

where K = (R% = Riz) represents the constant geometric factor of the lens.

Step 2: Substitute the given values pg = 1.5 and fy;; = 20 cm into this air equation:

1 1
— =(15-1)-K=05-K — K= —
20 (1.5-1) 0.5 10

Step 3: Write down the Lens Maker’s formula for the lens immersed in water (u,, = 4/3):

1
_:(“_g_l).K
Hw

Step 4: Substitute the values of ug, u,,, and K into the water immersion equation:
1 (15 1 1 (3/2 ! 1
fw  \4/3 10 \4/3 10

1 (9 | 11 1 1
fw  \8 10 8 10 80
Step 5: Invert the equation to find the new focal length f,,:

fw =80 cm

Therefore, the focal length of the convex lens when immersed in water becomes 80 cm.

Final Answer:
Answer: (C)

Go Back to Question 24
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Q25.

Concept: The electric potential due to a point charge at a distance r is given by V = kr—q. Electric
potential is a scalar quantity, so the total potential at any point is the algebraic sum of the individual
potentials. For two opposite charges +¢g and —4¢ separated by a distance L, the net potential can
be zero at a point between the charges or outside them on the side of the smaller charge magnitude.

Solution: Step 1: Let us find the neutral potential point lying between the two charges on the line
joining them. Let this point be at a distance x from the +¢g charge. The distance from the —4¢
charge will be L — x.

Step 2: Write the algebraic sum equation for the net electric potential at this internal point:

k(+q)  k(-4q) _
L-x

Vet = 0

Step 3: Simplify the equation by factoring out and canceling the common electrostatic constant k

and charge g:
1 4

x:L—x

Step 4: Cross-multiply and solve the linear equation for x:
L
L—x=4x — L=5x = x=§

This means the net potential is zero at a distance of L/5 from the +¢ charge when moving towards
the negative charge. Looking at the options, L/3 and L/5 are given. Let us evaluate if option B

matches perfectly. Yes, L/5 from +¢q between the charges is option B.

Final Answer: ‘ L/5 from +q between the charges ‘

Answer: (B)

Go Back to Question 25
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Q26.

Concept: The time period of a simple pendulum performing small-angle oscillations is given by
the formula 7' = Zﬂ\/g , where [ is the length of the string and g is the acceleration due to gravity.

The local gravity on any spherical planet’s surface depends on its mass M and radius R according

GM
R2 -

to the gravitational field equation g =
Solution: Step 1: Write down the expression for acceleration due to gravity on the surface of the

Earth:
GM

R2
Step 2: Express the surface gravity g, for the new planet using its given mass (M, = 2M) and
radius (R, = 2R):

81 =

. G(2M) 2GM I(GM) g1
2= = = — = —

~ (2R)? 4R 2\ R? 2
Step 3: Write down the ratio of the pendulum time periods on the two planets using the time period

L _2nyl/e> [

T\ 2 l/g1 82

formula:

Step 4: Substitute the relationship g, = % into the time period ratio equation:

1 g1 N
— = — = 2
T g1/2

Step 5: Solve explicitly for the new time period 75:
T, = V2T,

Therefore, the new time period satisfies the relation 7, = \/iTl.

Final Answer: |7, = V2T,

Answer: (A)

Go Back to Question 26
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Q27.

Concept: Viscosity in fluids arises due to internal cohesive forces and molecular momentum
transfer. In liquids, the dominant mechanism causing viscosity is the cohesive intermolecular
forces holding the molecules close together. As the temperature of a liquid rises, the thermal

kinetic energy of the molecules increases, weakening these cohesive bonds.

Solution: Step 1: Analyze the fundamental molecular structure of liquids. The molecules are
tightly bound by cohesive forces which resist relative shear motion between fluid layers, creating
viscosity.

Step 2: Consider the physical impact of adding thermal energy (increasing temperature). The
individual molecules gain thermal kinetic energy, causing them to vibrate more violently.

Step 3: This increased atomic agitation breaks or stretches the intermolecular cohesive bonds
more easily, allowing fluid layers to slide past one another with less resistance.

Step 4: Conclude that because cohesive forces decrease significantly with rising temperature,
the dynamic viscosity of a liquid must decrease when the temperature increases. (Note: This is
opposite to gases, where viscosity increases with temperature due to increased molecular collision

frequency).

Final Answer:
Answer: (B)

Go Back to Question 27
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Q28.

_Soltion

Concept: According to the Bohr model for the hydrogen atom, the wavenumber (%) of the

photon emitted during an electronic transition between two discrete energy levels characterized by

principal quantum numbers n; and n; is given by the Rydberg formula: % =R (% - #), where

R is the Rydberg constant and ny > n;. l ’

Solution: Step 1: Identify the initial and final principal quantum levels from the transition
statement:

Lower state, ny = 2
Upper state, np = 3
Step 2: State the Rydberg formula for the inverse wavelength of the emitted spectral line:
1=R(1_1)
A\ om

Step 3: Substitute the discrete values n; = 2 and n, = 3 into the mathematical bracket:

1_R1 1_R11
A \22 32)7 7 \4 9

Step 4: Find a common denominator and subtract the fractions inside the parenthesis:

1 9-4 5 5R
z—R(—%)—R(%)-%

Step 5: Take the reciprocal of both sides to isolate the single wavelength variable A:

36

1= 3R

Thus, the wavelength of the emitted photon is equal to g—g.

36

Final Answer: | —
5R

Answer: (B)

Go Back to Question 28
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Q29.

Concept: A body undergoing uniform circular motion experiences a continuous center-
directed acceleration called centripetal acceleration. The magnitude of this acceleration can
be expressed in terms of the radius r of the circular path and the constant angular veloc-

ity w as a. = w?r. The angular velocity can be found from the frequency of rotation using w = 27 f.

Solution: Step 1: Determine the rotational frequency f of the whirled stone from the given data:

Total Revolutions 10 rev
f= Time Duration ~ 2s > rev/s (Hz)

Step 2: Calculate the angular velocity w in radians per second using the frequency:
w=2nf=2nrx5=10xrad/s
Step 3: State the given length of the string, which represents the radius  of the horizontal circle:
r=1m
Step 4: Use the formula for centripetal acceleration magnitude:
a. = w’r
Step 5: Substitute the evaluated values of w and r into the acceleration formula:

ac = (107)%? x 1 = 1007% m/s?

The magnitude of the stone’s centripetal acceleration is 10072 m/s.

Final Answer: ‘ 10072 m/s2

Answer: (A)

Go Back to Question 29
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Q30.

Concept: Digital logic gates are characterized by their truth tables, which map out the output
state for all possible combinations of input states. A gate that produces a high output (Y = 1)
exclusively when all of its inputs are in a low state (A = 0, B = 0) performs the inverted OR

operation, which represents a standard NOR gate.

Solution: Step 1: Let us systematically analyze the output behavior of standard two-input logic
gates when both inputs are zero (A = 0, B = 0).

Step 2: For an AND gate, the boolean expressionisY = A-B. If A=0,B=0,thenY =0-0=0.
Step 3: For a NAND gate, the boolean expression is Y = A-B. If A = 0,B = 0, then
Y =0-0=0= 1. However, a NAND gate also produces an output of 1 for inputs (0, 1) and (1, 0),
since 0- 1 = 1.

Step 4: For a NOR gate, the boolean expression is ¥ = A + B. Let us map its full truth table:

IfA=0,B=0 = Y=0+0=0=1
IfA=0,B=1 = Y=0+1=1=0
IfA=1,B=0 = Y=1+0=1=0

IfA=1,B=1 = Y=1+1=1

0

This perfectly matches the condition where Y = 1 occurs only when both A = 0 and B = 0. Thus,
it is a NOR gate.

Final Answer: | NOR Gate
Answer: (B)

Go Back to Question 30
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Q31.

Concept: A closed organ pipe (closed at one end, open at the other) supports standing acoustic
waves with a displacement node at the fixed end and an antinode at the open end. The fundamental
mode of vibration corresponds to a quarter-wavelength standing inside the pipe length, meaning
L= %. The fundamental frequency is given by f = 77.

Solution: Step 1: Write down the formula for the fundamental frequency f of a closed organ pipe:

1%

I

Step 2: Identify the given parameters from the problem text:
Fundamental frequency, f = 250 Hz

Speed of sound in air, v = 340 m/s

Step 3: Rearrange the frequency equation to solve for the unknown pipe length L:

ar=Y — =L

f 4f
Step 4: Substitute the numerical values of v and f into the rearranged equation:

340 340
= 15250~ 1000 — 0.34 meters

Step 5: Convert the calculated length from meters into standard centimeters:
L =0.34 %100 cm = 34 cm

The length of the closed organ pipe is 34 cm.

Final Answer:
Answer: (A)

Go Back to Question 31
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Q32.

Concept: When a uniform wire of total resistance R is divided into equal segments or bent into a

The effective resistance between any two chosen connection vertices can then be evaluated by

simplifying the resulting series-parallel network combination.

Since the total uniform wire has a resistance of 18 Q and an equilateral triangle has three sides of
equal length:
. . 18 Q
Resistance of each side = — = 6 Q
Step 2: Identify the circuit layout when measuring the resistance between any two vertices (say A
and B). The side directly connecting A and B has a resistance of 6 €.
Step 3: The remaining two sides (AC and CB) are connected in series with each other across the

points A and B. Calculate their equivalent series resistance:
Reeries = Rac + Rep =6 Q+6Q =12Q

Step 4: The combination now consists of the direct branch (6 €2) in parallel with the series branch

(12 ). Apply the parallel combination formula to find the net effective resistance Regq:

_R1><R2_6><12
“TRI+Ry, 6+12

Step 5: Simplify the fraction to find the final numerical resistance:

72

Reqzﬁ_

4Q

The effective resistance between any two vertices of the triangle is 4 Q.

Final Answer:
Answer: (B)

Go Back to Question 32

symmetric regular geometric shape like a triangle, each side forms an individual resistive element.

Solution: Step 1: Determine the resistance of each individual side of the equilateral triangle.
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Q33.

Concept: The maximum static friction force (fy max), also called limiting friction, represents the
threshold force required to initiate motion for a stationary object on a rough surface. It depends on
the coefficient of static friction u, and the normal reaction force N pressing the surfaces together,

given by fi max = s N. For a horizontal surface with no vertical forces, N = mg.

Solution: Step 1: Write down the parameters given for the block-surface system:
Mass of the block, m =5 kg

Coefficient of static friction, uy = 0.4
Acceleration due to gravity, g = 10 m/s?

Step 2: Calculate the normal reaction force N acting on the block by balancing the vertical forces:
N =mg =5kgx 10m/s®> =50 N
Step 3: Use the limiting static friction formula to find the maximum resistive force:

fv,max = IJSN
Step 4: Substitute the known values of y; and N into the formula:
fsmax =0.4X 50N =20N

Step 5: Conclude that any horizontal force applied up to 20 N will be perfectly counterbalanced
by static friction. The moment the applied force exceeds this maximum threshold value of 20 N,
the block will begin to slide.

Final Answer:
Answer: (A)

Go Back to Question 33
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Q34.

Concept: The root-mean-square speed (v;ms) of gas molecules is derived from the kinetic theory

of gases and is given by the expression vims = +/ 3"%, where R is the universal gas constant, 7 is
the absolute temperature, and M is the molar mass of the gas particles. Changes in temperature or

molecular structure alter both 7 and M.

Solution: Step 1: Write the initial root-mean-square speed formula for oxygen molecules (O;) of

3RT
V=L —
My

Step 2: Analyze the modifications to the gas system described in the problem. The absolute

molar mass My at temperature 7"

temperature is doubled, so the new temperature is 7" = 2T .
Step 3: The oxygen gas dissociates into individual oxygen atoms (O). Since a diatomic molecule
O, breaks into two separate independent atoms, the molar mass of the moving particles is halved:

)

M/
Step 4: Set up the expression for the new root-mean-square speed v’ using the modified parameters

T’ and M’:
, _ |3R(Q2T) _ /4><3RT
v Moy/2 My

Step 5: Factor out the constant numerical multiplier from inside the square root:

[3RT
V’:‘/ZX FOZZX\/:zV

Thus, the new root-mean-square speed of the dissociated atomic oxygen gas is 2v.

Final Answer:
Answer: (B)

Go Back to Question 34
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Q3s.

Concept: The magnitude of the magnetic field B at a perpendicular distance r from a long straight

Hol

T The directional orientation of the

current-carrying wire is given by Ampere’s Law as B =
magnetic field vector at any point in space is determined using the Right-Hand Thumb Rule.

Solution: Step 1: Calculate the numerical magnitude of the magnetic field B using the given
parameters:
Current, I =5 A

Distance, r = 10cm = 0.1 m

Permeability constant ratio, B 107 T-ma = 2 =2x1077
47 2
I 2x107x5 107°
B=EC - = =107T

2ntr 0.1 0.1
Step 2: Determine the vector direction of the magnetic field at the point located vertically above
the wire. Align your right-hand thumb in the direction of the electric current, which flows from
South to North.
Step 3: Curl the fingers of your right hand. At a location directly above the horizontal wire, your
curling fingers point horizontally from East to West.
Step 4: Combine the evaluated magnitude and direction: the magnetic field vector has a strength
of 107> T and points towards the West.

Final Answer: ‘ 107> T towards West

Answer: (B)

Go Back to Question 35
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Q36.

Concept: A particle executing Simple Harmonic Motion (SHM) experiences a position-dependent

restoring force given by F = —kx = —mw?x. The maximum acceleration and consequently the

maximum force occur at the extreme positions where the displacement matches the maximum
2

amplitude A. The maximum force magnitude is expressed as Fyax = mw?A, where w = e

Solution: Step 1: Convert the given kinematic amplitude from centimeters into standard SI meters:
A=10cm=0.1m

Step 2: Calculate the angular frequency w of the simple harmonic oscillator from the given time

period (T = 0.2 s):

2r 2w
=== 0—2 = 107 rad/s

Step 3: State the mass of the executing body:

w

m =0.5kg
Step 4: Set up the formula for the maximum dynamic restoring force magnitude:
B = mw?A
Step 5: Substitute the numerical values of m, w, and A into the force equation:
Fax = 0.5 % (107)? % 0.1

Foax = 0.5 % 10072 x 0.1 = 572 N

The maximum restoring force acting on the body during its simple harmonic motion is 572 N.

Final Answer:
Answer: (A)

Go Back to Question 36
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Q37.

Concept: When an unpolarized light beam of initial intensity Iy passes through an ideal
first linear polarizer, its transmitted intensity is halved, becoming I; = 170, and the light
becomes linearly polarized. When this polarized light subsequently passes through a second ana-

lyzer sheet, Malus’s law applies: I, = I cos® @, where @ is the angle between the transmission axes.

Solution: Step 1: Determine the intensity /; of the light beam after passing through the first
polarizing sheet. For any incident unpolarized light, a linear polarizer blocks exactly half of the

energy:
T2

Step 2: Identify the orientation angle 6 between the transmission axes of the first and second

I

polarizing sheets:
6 = 60°
Step 3: Apply Malus’s law to find the final emerging light intensity I, from the second sheet:

L =1 cos® g

Step 4: Substitute the expression for /; and the value of 6 into Malus’s equation:
I
I = (—O) cos? (60°)
2
Step 5: Evaluate the trigonometric value cos(60°) = % and its square:

2

L (1\> I 1 I
I:— o~ = — _ = —
2 2X(2) 273

Thus, the final intensity of the emerging light beam is /8.

Final Answer:
Answer: (C)

Go Back to Question 37
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Q38.

Concept: In nuclear radioactive decay processes, the conservation of mass number (total
number of nucleons, A) and atomic number (total nuclear charge, Z) must be strictly
maintained. An alpha decay reduces the mass number by 4 and the atomic number by 2 (‘Z‘He). A

beta-minus decay (5~ ) increases the atomic number by 1 while keeping the mass number unchanged.

Solution: Step 1: Write down the complete nuclear reaction equation representing the total decay
chain:

238 206 4 0 -

oo U— g Pb+n- (20) +m- (_1ﬁ )

where 7 is the number of emitted @ particles and m is the number of emitted 8~ particles.

Step 2: Apply the law of conservation of mass number A to solve for n:
238 =206+4n+0-m

2
238-206=4n — 32=4n = n:%=8aparticles

Step 3: Apply the law of conservation of atomic number Z using the calculated value of n = 8:
92=82+2n+(-1)m
92=82+2(8)-m
Step 4: Simplify the atomic number balance equation to isolate and solve for m:
92=82+16-m

92=98-m — m =98 -92 =6 " particles

Step 5: Conclude that the transformation emits exactly 8 @ and 6 S~ particles.

Final Answer: ‘ 8aand 6 B~ ‘

Answer: (A)

Go Back to Question 38
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Q39.

Concept: The principle of dimensional homogeneity states that terms combined by addition or
subtraction within a valid physical equation must possess identical dimensions. Furthermore,
the dimensions on both sides of an equality sign must match. Therefore, in the expression
P = Apv? + B, the physical quantity B must have the exact same dimensions and SI units as

pressure P.

Solution: Step 1: State the given physical equation representing fluid motion behavior:
P = Apv2 + B

where P represents fluid pressure.
Step 2: Apply the principle of dimensional homogeneity to the terms separated by the addition
symbol (+). For the expression to be mathematically and physically valid, the dimensions of the

term Apv? and the isolated constant B must match the dimensions of pressure P:

Step 3: Recall the definition of pressure, which is force per unit area (P = F/A).
Step 4: Determine the standard SI unit of measurement for pressure based on this formula:
Unit of Force  Newton (N)

Unit of Pressure = - = = N/m? (or Pascal, Pa)
Unit of Area  meter? (m?)

Step 5: Equate the SI units. Since B has the same dimensions as pressure, its SI unit must also be

written as N/m?.

Final Answer:
Answer: (B)

Go Back to Question 39
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Q40.

Concept: The refractive index u of a prism material is related to its refracting angle A and the
. A+
Sll’l(&)

angle of minimum deviation dp;, by the exact prism formula: y = sin—i. This formula al-
2

lows for the determination of the beam deviation angle when the internal path is perfectly symmetric.

Solution: Step 1: Write down the given physical constants for the optical prism setup:
Refractive index, u = V3

Refracting angle of the prism, A = 60°

Step 2: State the standard prism equation linking these optical parameters:
. A+ Omin
sin ( - )
H=—"T~
(A
sin ( 3 )

Step 3: Substitute the known values of ¢ and A into the formula:

Step 4: Evaluate the denominator term, sin(30°) = 0.5 = % and cross-multiply:

. 60°+Spmin
sin | =2 9 )
V3 = —( ) — sin (—60 +6mm) = _\/§

1/2 2 2

Step 5: Take the inverse sine of both sides. We know that sin(60°) = \/75:

60° + Omin

= 60°
2

Step 6: Solve the linear trigonometric equation for the minimum deviation angle Jpy;y:
60° + Opmin = 120° = Smin = 120° — 60° = 60°

The angle of minimum deviation for this prism is equal to 60°.

Final Answer:
Answer: (C)

Go Back to Question 40
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 A 2 B 3 C 4 B 5 D
6 A 7 B 8 A 9 C |10] C
11| A |12] B |13 A (14| B |15] A
16| A |17| B |18 B |19 B |20 | B
21 A |22| B 23| B |24 C |25| B
26| A |27 B |28 B |29 A |30| B
31 A |32 B |3 | A |34 | B |35| B
36| A |37] C |38] A |39| B 40| C

-

collegedunia

bt

e 53


https://collegedunia.com/exams/rajasthan-jet/sample-paper

