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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.

L J

Q1. The density of a material in CGS system of units is 4 g/cm>. In a system of units
in which unit of length is 10 cm and unit of mass is 100 g, the value of density

of material will be:

(A) 0.04
(B) 0.4
(C) 40
(D) 400

Q2. A particle moves along a straight line such that its displacement at any time ¢
is given by s = > — 6> + 3¢ + 4 meters. The velocity of the particle when its

acceleration is zero is:

(A) 3 m/s
(B) —12 m/s
(C) =9 m/s
(D) 0 m/s

Q3. A projectile is thrown with an initial velocity of (i + 27) m/s, where 7 is along
the horizontal ground and j is vertically upward. If g = 10 m/s?, the equation of

its trajectory is:

(A) y = 2x — 5x2
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Q4.

Qs.

Qeo.

Q7.

(B) y = 2x — 10x?
(C) 4y = 2x — 5x2
D) y=x- 5x2

A block of mass m is placed on a smooth inclined plane of inclination 6 inside
an elevator. If the elevator goes upwards with an acceleration a, the acceleration

of the block relative to the incline is:

(A) gsinf
(B) (g +a)siné
(C) (g—a)sinb
(D) asinf

A mass of 2 kg is suspended by a string. A horizontal force F is applied to the
mass until the string makes an angle of 60° with the vertical. The work done by
the gravitational force during this displacement is (Take g = 10 m/s?, length of
string = 1 m):

(A) 10J

(B) —-101J

(©) 2017

(D) -201J

A potential energy function for a two-dimensional force is given by U(x, y) =

3x3y — 5x. The force vector F acting on the particle at the point (1, 2) is:

(A) 137+ 3]
(B) -13i -3/
(C) —13i + 37
(D) 13/ -3

A circular disc of mass M and radius R is rotating about its inherent central axis

with angular velocity w. If two small bodies each of mass m are gently attached
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Q8.

Q9.

Q10.

to the opposite ends of a diameter of the disc, the new angular velocity of the

system becomes:

(A) 77

M
B) 372im

(©) (M+A4;m)a)

(D) Mw

M+m

Three identical thin rods, each of mass M and length L, are joined to form an
equilateral triangle. The moment of inertia of this system about an axis passing

through one corner and perpendicular to the plane of the triangle is:

(A) sML?
(B) 3ML?
(C) 2ML?
(D) 3ML?

If the mass of a planet is eight times that of the earth and its radius is twice that
of the earth, then the escape velocity from the surface of this planet in terms of

escape velocity from earth (v, ) will be:
(A) ve

(B) 2v,

(©) 4v,

(D) V2v,

A body weighs 72 N on the surface of the earth. What is the gravitational force
on it at a height equal to half the radius of the earth?
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Ql1.

Q12.

Q13.

Ql4.

(A) 32N
(B) 48N
(C) 36 N
(D) 16 N

A solid sphere of mass M and radius R rolls without slipping down an inclined

plane of inclination 6. The linear acceleration of the sphere is:
(A) 2gsind

(B) %gsind

(C) 2gsind

(D) gsiné

Two masses m; = 5 kg and m, = 10 kg are connected by a light string passing
over a frictionless pulley. The tension in the string when the system is released
from restis (g = 10 m/s?):

(A) 333N

(B) 66.7 N

(C) 50.0N

(D) 100.0 N

The percentage error in the measurement of mass and speed of a body are 2%
and 3% respectively. The maximum permissible error in the estimation of kinetic

energy of the system is:

(A) 5%
(B) 8%
(C) 11%
(D) 1%

A bullet of mass 10 g moving horizontally with a speed of 400 m/s strikes a

wooden block of mass 2 kg sustained by a long string. If the bullet emerges out
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Q15.

Q16.

Q17.

vertically upwards with a speed of 100 m/s, the velocity of the block immediately

after collision is:

(A) 2 m/s
(B) 1.5 m/s
(C) 2.5 m/s
(D) 1 m/s

A structural wire of length L and radius r is loaded with a weight W. If the
radius of the wire is halved and the load is doubled, the Young’s modulus of the
material will:

(A) Become eight times

(B) Become four times

(C) Be halved

(D) Remain unchanged

Two capillary tubes of radii r; and r, (r; > rp) are dipped vertically into water.

If the water heights raised in them are 4 and &, respectively, then:

(A) hy > hy
(B) hy < hy
(C) hy=hy
(D) hiry = hory

An ideal gas heat engine operates in a Carnot cycle between 227°C and 127°C.
It absorbs 6 x 10* cal of heat at the higher temperature. The amount of heat

converted into work 1is:

(A) 1.2 x 10* cal
(B) 4.8 x 10* cal
(C) 3.5 x 10* cal
(D) 2.4 x 10* cal
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Q18.

Q19.

Q20.

Q21.

The average translational kinetic energy of an ideal gas molecule at a temperature

T is proportional to:

(A) NT

B) T

(C) T?

(D) Independent of T

A simple pendulum has a time period 77 when on the earth’s surface, and 73
when taken to a height R above the earth’s surface (R is the radius of earth). The
ratio 75 /T is:

(A) 1

(B) 2

©) 4

(D) 0.5

The equation of a transverse wave traveling along a string is given by y =
3sin(2xt — 0.5x), where x,y are in cm and ¢ is in seconds. The maximum

particle velocity is:

(A) 3 cm/s
(B) 6 cm/s
(C) 1.57 cm/s
(D) 27 cm/s

A ray of light traveling in water (u = 4/3) is incident on a glass plate (u = 1.5)
immersed in the water. What is the value of critical angle for total internal

reflection at the interface?

(A) sin™1(8/9)

(B) sin”!(9/8)

(C) Total internal reflection cannot occur from water to glass

(D) sin~'(1/2)
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Q22.

Q23.

Q24.

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

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

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

In a Young’s double-slit experiment, the slit separation is doubled and the
distance between the slits and screen is halved. The fringe width changes by a

factor of:

(A) 4
(B) 1/4
©) 2
(D) 1/2

A thermodynamic system is taken through a cyclic process ABCA as shown in
the P — V diagram. The net work done by the system during the complete cycle

1S:

P (N/m?)

C(2,30)

A(2,10) B(6, 10)

V (m?)

(A) 407
(B) —40J
(C) 8017
(D) —801J
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Q25. Unpolarized light of intensity [ is incident on a polaroid sheet. The light passing

Q26.

Q27.

Q28.

through it then encounters a second polaroid whose transmission axis makes an
angle of 30° with the first. The final transmitted intensity 1is:

(A) 31
(B) 21y
© 1lo
(D) glo

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

normal adjustment is:

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

A black body radiates energy at a rate of E at a temperature of 27°C. If the
temperature is increased to 327°C, the rate of radiation of energy will become:
(A) 2E

(B) 4E

(C) 8E

(D) 16E

Two point charges +4¢g and +¢ are placed separated by a distance L. A third
charge Q is placed on the line joining them such that the entire system of three
charges stays in static equilibrium. The position and magnitude of charge Q are:
(A) Atdistance L/3 from +g, Q = —44q/9

(B) Atdistance L/3 from +q, Q = -2¢/9

(C) Atdistance 2L/3 from +g, Q = —4¢/9

(D) Atdistance L/4 from +q, Q = —q /4
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Q29.

Q30.

Q31.

Q32.

A parallel plate capacitor is charged and then disconnected from the battery. If
the plate separation is now increased using insulated handles, then:

(A) Charge increases, potential difference decreases

(B) Charge remains constant, potential difference increases

(C) Charge remains constant, potential difference decreases

(D) Capacitance increases, energy stored decreases

In a given network of ideal components, the equivalent resistance measured

between terminals X and Y is:

X Y

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

A potentiometer wire of length 100 cm has a resistance of 10Q. It is connected
in series with a resistance of 5Q2 and an accumulator of EMF 3 V (negligible
internal resistance). A source of unknown EMF 1.2 V is balanced against a
length [ of this wire. The value of [ is:

(A) 50 cm

(B) 60 cm

(C) 75 cm

(D) 80 cm

A proton and an alpha particle enter a uniform magnetic field perpendicularly
with the same kinetic energy. The ratio of the radii of their circular paths (r, : )

1S:

(A) 1:1
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Q33.

Q34.

Q3s.

Q36.

B) 1:2
©) 2:1
(D) 1:4

A long straight wire carries a current of 10 A. The magnetic field induction at a

perpendicular distance of 20 cm from the wire is:

(A) 10T
(B) 2x 107> T
(C) 10°°T
(D) 4x107 T

A coil of resistance 20€Q2 and self-inductance 0.5 H is connected to an AC source
of frequency 50/m Hz. The phase difference between the voltage and the current

in the circuit is:

(A) 30°
(B) 45°
(C) 60°
(D) 90°

The magnetic flux linked with a closed coil varies with time ¢ (in seconds)
according to the equation ¢ = 61> — 5t + 1 Webers. The induced EMF in the
coil at # = 2 seconds is:

(A) 19V

(B) 24V

©) 17V

(D) 12V

When light of wavelength 300 nm falls on a photoelectric emitter, photoelectrons
are ejected. For another emitter, light of 600 nm wavelength is just sufficient to

cause emission. The work function of the second emitter is approximately:

10
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Q37.

Q38.

Q39.

Q40.

(A) 2.07 eV
(B) 4.14 eV
(C) 1.03 eV
(D) 3.12 eV

The ratio of wavelengths of the first line of Lyman series to the first line of

Balmer series in the hydrogen atom spectrum is:
(A) 5/27

(B) 27/5

(€) 9/4

(D) 4/9

A radioactive sample has a half-life of 4 days. What fraction of the original

active nuclei will remain undecayed after 12 days?

(A) 1/4
(B) 1/8
(C) 1/16
(D) 7/8

In a common-emitter transistor amplifier configuration, the current gain S is
100. If the base current changes by 20 uA, the corresponding collector current

change will be:
(A) 2 mA

(B) 20 mA
(C) 0.2 mA
(D) 10 mA

Identify the logic gate represented by the given schematic combinational circuit

configuration:

11



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

Rajasthan JET Sample Paper Physics

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

12
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Detailed Solutions
Q1.

Concept: The problem involves dimensional analysis and the conversion of physical quantities

from one system of units to another using the foundational conversion formula nju; = nyu;, where
the base dimensions for density are given by [M'L=3T°].
Solution:

(a) The given density in the CGS system is n; = 4 g/lcm>. The base units for mass and length
in this system are M| = 1 gand L; = 1 cm.

(b) In the new system of units, the fundamental values are specified as M, = 100 g and
L, =10 cm.

(c) Using the system transformation formula:

(d) Substitute the values into the equation:

1 1'[171°3 1
[—] :4><(—)><1000

ny =4 [_ 10 100

(e) Simplify the numerical expression to get n, = 4 X 10 = 40.

Final Answer: The value of density in the new system of units is 40.

Answer: (C)

Go Back to Question 1

-
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Q2.

Concept: This kinematics problem evaluates rectiliner motion parameters via differential calculus.
Velocity v is determined by taking the first derivative of displacement, and acceleration a is
obtained by taking the second derivative of displacement.

Solution:

(a) The position equation is given as s = 3 — 6¢> + 3¢ + 4. Differentiating with respect to time

yields the velocity equation:

v=§:3z2—12z+3
dt

(b) Differentiating the velocity function yields the expression for acceleration:

dv
=—=6t-12
“ dt

(c) Find the specific time when the acceleration becomes zero:

6t—12=0 = r=12s

(d) Calculate the instantaneous velocity at this specific moment by substituting ¢ = 2 back into

the velocity equation:

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

(e) The negative sign specifies the direction of the vector.

Final Answer: The velocity when acceleration is zero is -9 m/s.

Answer: (C)

Go Back to Question 2

collegedunia
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Q3.

Concept: The path of a projectile under gravity forms a parabolic trajectory. The algebraic equation
linking horizontal position x and vertical position y is found by eliminating the independent
parameter time f.

Solution:

(a) The initial velocity vector is given as ¥y = i + 2. This provides the horizontal component

vx = 1 m/s and vertical component v, = 2 m/s.

(b) For the horizontal motion where acceleration is zero, the position equation is:
X=Vyt = x=1t = t=x
(c) For the vertical motion under uniform gravitational acceleration, the position equation is:
)
y= vy t- gt

(d) Substitute g = 10 m/s> and v y = 2 m/s into the vertical displacement equation:

y =2t —5¢2
(e) Substitute ¢ = x into this equation to obtain the final trajectory formula:

y = 2x — 5x?

Final Answer: The equation of its trajectory is y = 2x - 5x>.

Answer: (A)

Go Back to Question 3

collegedunia
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Q4.

Concept: To analyze motion inside an accelerating frame, we use non-inertial mechanics. A
pseudo force must be applied to the block opposite to the elevator’s acceleration vector to resolve
forces properly.

Solution:

(a) The elevator accelerates upward with value a. In the frame of reference of the elevator, a

downward pseudo force of magnitude ma acts on the block.
(b) The real gravitational force acting vertically downward on the block is mg.

(c) The effective downward force acting on the mass inside this frame combines these parallel

vectors to equal m(g + a).

(d) Resolve this net downward force into components along and perpendicular to the inclined

surface.

(e) The component acting parallel to the smooth incline driving the sliding motion is m(g +

a)siné.

(f) According to Newton’s second law, dividing the net force by mass gives the acceleration
relative to the incline:
m(g +a)sind .
Arel = —(g ) =(g+a)sind
m

Final Answer: The acceleration relative to the incline is (g+a)siné.

Answer: (B)

Go Back to Question 4

16
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Qs.

Concept: Work done by a conservative force depends solely on the initial and final positions.
Gravitational work is calculated using the vertical displacement & via W, = F P d=-m gh when
moving upward.

Solution:

(a) Let the initial equilibrium position with the string hanging vertically down be the reference

point. The initial height position is at a distance L from the pivot.

(b) When the applied horizontal force pulls the mass out until the string forms an angle 8 = 60°
with the vertical, the new vertical position below the pivot is L cos 60°.

(c) The vertical height displacement & through which the mass rises is:
h=L-Lcos60°=L(1-cos60°)
(d) Substitute L = 1 m and cos 60° = 0.5:
h=1-(1-0.5)=05m
(e) Since gravity points downward and the displacement is upward, the work done is negative:
We =-mgh=-2x10x0.5=-101J

Final Answer: The work done by the gravitational force is -10 J.

Answer: (B)

Go Back to Question 5

17
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Q6.

Concept: A conservative force field vector relates directly to its scalar potential energy distribution

through the negative gradient operator, expressed mathematically as F=-VU-=- (g—gf + g—ty] J )

Solution:
(a) The given mathematical function for potential energy is U(x, y) = 3x>y — 5x.

(b) Compute the partial derivative with respect to variable x, keeping y constant:

ou 0
e $(3x3y —5x) =9x?%y -5

(c) Compute the partial derivative with respect to variable y, keeping x constant:

oU 9
= Z(3xdy - 5x) =303
5y = 5 Y50 =%

(d) Evaluate these partial derivative values at the specific point coordinate (1,2):

oU
—|  =9(1)*)(2)-5=18-5=13
0x |(12)

ou =3(1)° =3

9y l(1,2)

(e) Assemble the complete force vector applying the negative sign convention:

F=-(13)i-3)]=-13-3]

Final Answer: The force vector acting on the particle is -13 - 3.

Answer: (B)

Go Back to Question 6

e 18
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Q7.

Concept: When no external torque acts on a system, its total angular momentum remains conserved
(Iiw) = hwy). This principle is used here as mass is added symmetrically to a rotating system.

Solution:

(a) The initial moment of inertia of the clean circular disc rotating about its inherent central
symmetry axis is:
1

I = EMR2

(b) The initial angular velocity of the disc is given as w; = w.

(c) Two point masses, each of value m, are attached at opposite ends of a diameter. Each lies at

a perpendicular distance R from the center of rotation.
(d) The final total moment of inertia of the combined system becomes:

1 M M +4
I = lgisc +2 - Iass = EMRZ +2mR? = (? + Zm) R = (—m) R?

2

(e) Apply conservation of angular momentum to find the new angular velocity w»:

M+ 4m Mw

M+ 4m

1
Lw = hw, = (EMRz)Q):( )R2w2 - wy =

Final Answer: The new angular velocity of the system is Mw/(M + 4m).

Answer: (B)

Go Back to Question 7

collegedunia
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Q8.

Concept: The total moment of inertia of a composite body equals the sum of the individual
moments of inertia of its parts. The parallel axis theorem (I = I, + md?) helps find the value for
rods displaced from the axis.

Solution:

(a) Consider an equilateral triangle made of three rods. Let the rotation axis pass through the

origin corner (0, 0).

(b) Rod 1 lies on the x-axis with one end at the origin. The moment of inertia of a rod about its
end is:
1 2
I ==ML
3

(c) Rod 2 has an end connected to the origin corner. It also rotates about one of its ends:

1,2
L =-ML
3
(d) Rod 3 is opposite to the origin corner. Its center of mass is located at a perpendicular

distance d = ‘/7§L from the origin.

(e) The moment of inertia of Rod 3 about its own center of mass is Iy = %M L?. Applying

the parallel axis theorem:

2
1 V3 1 3 10 5
Li=lgm+Md>=—ML>+M|—=L| = —=ML*>+>ML*>*= —ML*>=_-ML?
37 em 12 ( 2 ) 12 4 12 6

(f) Sum the values to find the total moment of inertia of the entire triangular configuration:

1 2 1 2 3 2 9 2 3 2
low =1+ DL+ 1= sML? + sML? + ZML? = =ML* = SML

Final Answer: The total moment of inertia is 3/2 ML2.

Answer: (D)

Go Back to Question 8

collegedunia
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Q9.

Concept: The escape velocity from the surface of a spherical celestial body depends on its mass
M and radius R. It is derived from energy conservation principles and expressed as v, = 4/ ZGTM.
Solution:

(a) The escape velocity from Earth’s surface is written as:

[2GM,
Ve =
R,

(b) The parameters of the target planet relate to Earth’s parameters by M,, = 8M, and R, = 2R,.

(c) Write the expression for the escape velocity from the surface of this planet:

2GM,
RP

Vp =

(d) Substitute the relative relationships into the planet’s equation:

2G(8M,) 2GM,
=Nk, VY TR

(e) Factor out the constant value to express the result in terms of v,:

2GM,
R

vp =2 =2v,

Final Answer: The escape velocity from the planet is 2v,.

Answer: (B)

Go Back to Question 9

21
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Q10.

Concept: The gravitational force acting on an object varies inversely with the square of its distance
from the center of the planet, according to Newton’s law of universal gravitation: F(r) o« r%
Solution:

(a) The weight of the body on Earth’s surface corresponds to a distance r; = R from the center:

_ GMm

F R?

=72N

(b) The object is moved to an altitude & = R/2 above the surface. Its new distance from Earth’s

center is: 2 5
=R =R+ —=—-R
12 +h + 7 =3

(c) Set up the inverse square proportion to find the new gravitational force F5:

2
B_(n) _(R) _(2) 24
Fi B r B %R a 3 _9
(d) Calculate the final value:

4 4
F2=F1X§=72X§=8X4=32N

Final Answer: The gravitational force at that height is 32 N.

Answer: (A)

Go Back to Question 10

22
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Q11.

(b)

(©

(d)

(e

Concept: The rolling motion of a symmetrical body down a rigid inclined surface involves a
combination of linear translation and rotation. The linear acceleration depends on the body’s mass
distribution, which is represented by its geometric moment of inertia.
Solution:

(a) A solid sphere has a mass M and a radius R. Its rotational moment of inertia about a central

axis passing through its center of mass is expressed as [ = %M R

The general formula for the acceleration of any symmetric object rolling down a rough

gsin 6

1+—L
MR?2

incline of angle 6 without slipping is a =

Substitute the specific moment of inertia value of the solid sphere into the denominator of

the acceleration formula to find the ratio term:

I 3MR* 2

MR2~ MR? 5
Place this value into the expression and simplify the denominator term:

2 7
1+-=-
5 5

Complete the division to find the final expression for linear acceleration:

ing 5
:gS;n = Zgsing

5

a

Final Answer: The linear acceleration of the sphere is 5/7 g siné.

Answer: (A)

Go Back to Question 11

collegedunia
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Q12.

Concept: An Atwood machine consists of two masses connected by an inextensible string over a
frictionless pulley. Newton’s second law is applied to each mass individually to find the acceleration
and the internal tension force of the string.

Solution:

(a) Identify the given values of the masses: m; = 5 kg and m, = 10 kg. The heavier mass will

accelerate downward while the lighter mass moves upward.
(b) Write the expression for the common acceleration of the connected system:

ue (my —my)g
mi +mp

(c) Substitute the values and compute the linear acceleration:

_(10-5)x10 _50 10
=" s:r10 15 3™

(d) Write the tension equation based on the dynamic balance of the upward-moving mass m:

T=m(g+a)

10 40 200
T = 1 — | = — = — = 66.7N
5x(0+3) 5><3 3 66.7

Final Answer: The tension in the string is 66.7 N.

Answer: (B)

Go Back to Question 12

(e) Substitute the mass and acceleration values into the tension equation to find the final force:

collegedunia
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Q13.

Concept: The propagation of experimental errors relies on calculus. For a calculated physical
quantity that depends on independent variables multiplied together, the maximum fractional error
is the sum of the individual fractional errors multiplied by their exponents.

Solution:

(a) The mathematical formula for the kinetic energy of a moving body is:

K =-mvy

(b) Express this equation in terms of fractional errors by applying a natural logarithm and

taking the total differential:
AK  Am 2Av

+
K m v
(c) Convert the fractional error relationship into a maximum percentage error relationship:

A—K X 100% = (A_m X 100%) +2 (& X 100%)
K m v

(d) Substitute the given percentage variations for mass (2%) and speed (3%):

Maximum Error = 2% + 2(3%)

(e) Simplify the expression to find the final total variation value:

Maximum Error = 2% + 6% = 8%

Final Answer: The maximum permissible error in kinetic energy is 8

Answer: (B)

Go Back to Question 13

25

collegedunia


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

Rajasthan JET Sample Paper

Physics

Q14.

Concept: The momentum of a closed system is conserved along any direction where no external
net force acts. This independent horizontal component of momentum remains constant before and
after a collision.

Solution:

(a) Identify the parameters: mass of bullet m = 10 g = 0.01 kg, initial velocity u = 400 m/s,
block mass M = 2 kg.

(b) The bullet initially moves horizontally. After the collision, it exits vertically upward,

meaning its final horizontal velocity component becomes zero.

(c) State the equation for the conservation of horizontal momentum:
m-u+M-0=m-0+ M - vpjock
(d) Substitute the known physical parameters into the horizontal momentum balance equation:
0.01 X 400 = 2 X Vplock
(e) Calculate the horizontal momentum of the bullet and solve for the velocity of the block:
4
4 =2 X Vplock = Vblock = 7= 2 m/s

Final Answer: The velocity of the block immediately after collision is 2 m/s.

Answer: (A)

Go Back to Question 14
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Q15.

Concept: Young’s modulus is an intrinsic mechanical property of a material. It is defined as the
ratio of tensile stress to tensile strain within the elastic limit, and its value depends solely on the
nature of the substance.

Solution:

(a) The mathematical definition of Young’s modulus is expressed as:

B Stress WL
© Strain 72 - AL

(b) Changing the geometric dimensions, such as halving the radius r or doubling the length L,
alters the strain and deformation of the wire under a given load.

(c) Modifying the external load W will change the internal stress and the corresponding

elongation AL.

(d) However, these changes adjust proportionally because the ratio of stress to strain remains

constant for a given material.

(e) Since Young’s modulus is an intensive structural property of the material itself, it remains

unchanged regardless of any modifications to the dimensions or applied forces.

Final Answer: The Young’s modulus of the material will remain unchanged.

Answer: (D)

Go Back to Question 15
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Q16.

Concept: The height to which a liquid rises in a capillary tube is governed by Jurin’s Law. This
law states that the equilibrium height of the liquid column is inversely proportional to the inner
radius of the tube.

Solution:

(a) Write the mathematical expression for Jurin’s Law:

B 2T cos 6
P8r

h

(b) In this equation, T represents surface tension, 8 is the contact angle, p is the fluid density, g

is gravity, and r is the radius.

(c) For a given liquid and tube material at a constant temperature, all terms in the numerator

and denominator are constant except /# and r:

1
ho — = h-r = constant
r

(d) The problem states that the radius of the first tube is greater than the second (r; > ry).

(e) Because of this inverse relationship, a larger tube radius results in a lower fluid rise, which

means iy < hy.

Final Answer: The relationship between the heights is h; < &,.

Answer: (B)

Go Back to Question 16
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Q17.

Concept: The efficiency of a Carnot engine depends on the absolute operating temperatures

of its hot source (77) and cold sink (73). The energy ratio balances according to the equation

v _1_L
0 T
Solution:

(a) Convert the given temperatures from Celsius to the absolute Kelvin scale:
T, = 227°C + 273 = 500K
T, = 127°C + 273 = 400K
(b) State the relationship between work, heat absorbed, and absolute temperatures for a Carnot

cycle:
W T-T

0 T

c) Substitute the absolute temperatures and the given input heat Q; = 6 x 10* cal:
(c) p g P

W 500-400 100 1

6x10° 500 500 5

(d) Solve for the useful mechanical work output W:

_6x10*

=1.2x 10% cal
3 ca

w

Final Answer: The amount of heat converted into work is 1.2 x10%*cal.

Answer: (A)

Go Back to Question 17
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Q18.

(a)

(b)

(©

(d)

(e

Concept: According to the kinetic theory of gases, the average translational kinetic energy of an
ideal gas molecule depends directly on its absolute temperature. This relationship is derived from
the pressure equation of an ideal gas.

Solution:

The kinetic theory models gas pressure based on molecular collisions. The average

translational kinetic energy of a single gas molecule is given by:

3
E = —kgT
SKB
In this equation, kp represents the Boltzmann constant (1.38 X 10723 J/K) and T is the

absolute temperature in Kelvin.

The factor % is a constant derived from the three spatial degrees of freedom available for

translational motion.

Since kg and the numerical factor are constant, the translational energy depends entirely on
the temperature.

This shows that the average translational kinetic energy is directly proportional to the

absolute temperature 7.

Final Answer: The average translational kinetic energy is proportional to T.

Answer: (B)

Go Back to Question 18
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Q19.

Concept: The time period of a simple pendulum depends inversely on the square root of the local
gravitational acceleration (T = 271\/% ). The value of g decreases with altitude above the Earth’s
surface.

Solution:

(a) Let g be the gravitational acceleration on Earth’s surface, where r; = R. The time period
isTy; =2 L.
Ve
(b) At an altitude & = R, the distance from the center of the Earthis 7, = R + R = 2R.
(c) The gravitational acceleration at this altitude is given by the inverse-square law:
2
R ) 81

82 =481 (ﬁ

(d) Write the expression for the new time period 73 at this height:

/L / /L
T =2n,— =2n 1:2-271' —
82 81

(e) Take the ratio of the two time periods to find the final value:

%lh

|

T, 2T
T, T

Final Answer: The ratio of the time periods T, /T}is2.

Answer: (B)

Go Back to Question 19
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Q20.

Concept: The motion of a particle in a transverse wave is described by a displacement function
y(x,t). The instantaneous particle velocity is found by taking the partial derivative of this
displacement function with respect to time.

Solution:

(a) The given wave equation is y = 3 sin(2zt — 0.5x). This matches the standard form of a

harmonic wave, y = A sin(wt — kx).

(b) Identify the wave parameters from the equation: amplitude A = 3 cm and angular frequency

w = 2m rad/s.

(c) Differentiate the displacement function with respect to time to find the particle velocity:

Vp = % =3 (2n) - cos(2nt — 0.5x) = 67 cos(2xt — 0.5x)

(d) The maximum value of the cosine function is 1.

(e) Therefore, the maximum particle velocity occurs when the cosine term equals one:

Vmax = 6 X 1 = 6 cm/s

Final Answer: The maximum particle velocity is 6rcm/s.

Answer: (B)

Go Back to Question 20
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Q21.

Concept: Total internal reflection can only happen if a light wave moves from an optically denser
medium into an optically rarer medium. The critical angle is evaluated at the interface whenever
the transmission angle inside the rarer boundaries reaches exactly ninety degrees.

Solution:

(a) Identify the given properties of the materials: the water medium has a refractive index
Uy =4/3 ~ 1.33.

(b) The glass plate immersed in the water has a given refractive index ug = 1.5 = 3/2.

(c) Compare the two values to evaluate the relative optical densities:
Hg > Hw
(d) This comparison establishes that the glass plate is optically denser than the surrounding

water.

(e) Since the problem describes light traveling from water into glass, it is moving from a
rarer medium to a denser medium. Because the basic optical requirement for total internal

reflection is completely violated, the phenomenon cannot occur.

Final Answer: Total internal reflection cannot occur from water to glass.

Answer: (C)

Go Back to Question 21
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Q22.

Concept: The focal length of a lens depends on its geometric curvature and the relative refractive
index between the glass material and the surrounding medium. This relationship is calculated
using the Lens Maker’s Formula.

Solution:

(a) State the Lens Maker’s Formula for the convex lens when it is surrounded by air:

1 1 1
ool
Jair He Ry R,
(b) Substitute fyjr = 20 cm and pg = 1.5:

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

(c) State the modified Lens Maker’s Formula when the lens is completely immersed in water:
|
fw o \pw R R
(d) Substitute the values u,, = 4/3 and K = 1/10 into this expression:
1_1.511_9 11 1 1
fw  \4/3 10 \8 10 8 10 80
(e) Take the reciprocal to find the final focal length in water: f,, = 80 cm.

Final Answer: Its focal length in water will be 80 cm.

Answer: (C)

Go Back to Question 22
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Q23.

Concept: In a Young’s double-slit interference experiment, monochromatic light creates a regular
pattern of alternating bright and dark bands. The width of these interference fringes depends on
the wavelength, slit separation, and distance to the screen.

Solution:

(a) State the algebraic formula for the initial fringe width:

AD
=T

(b) Identify the modifications described in the problem: the slit separation is doubled, so the
new distance is d’ = 2d.

(¢c) The distance between the slits and the observation screen is halved, giving D’ = %.

(d) Write the expression for the modified fringe width 3, incorporating these new geometric

values:
D" (%)
d  2d

B2 =

(e) Simplify the fraction to find how it scales relative to the initial width:
1(AD 1
P23 (7) e

Final Answer: The fringe width changes by a factor of 1/4.

Answer: (B)

Go Back to Question 23
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Q24.

Concept: The net work done during any thermodynamic cycle is equal to the area enclosed by the
path on a pressure-volume (P — V) diagram. The sign of the work depends on the direction of the
cycle.

Solution:

(a) The path ABCA forms a right-angled triangle on the P — V coordinate grid.

(b) Calculate the length of the horizontal base along the volume axis from point A to point B:

AV=Vg-Vi=6-2=4m’

(c) Calculate the vertical height along the pressure axis from point A to point C:

AP = Pc — P4 =30-10 = 20 N/m*
(d) Calculate the geometric area enclosed by this triangular path:

1 1
Area = 3 X base X height = 3 x4x20=40]J
(e) Determine the sign of the work: the cycle proceeds in a counter-clockwise direction
(A — B — C — A), which means net negative work is performed on the system.

Final Answer: The net work done by the system during the complete cycle is -40 J.

Answer: (B)

Go Back to Question 24
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Q25.

Concept: When unpolarized light passes through an ideal polarizer, its intensity drops by half.
The intensity of the light after passing through a subsequent polarizer is calculated using Malus’s
Law.

Solution:

(a) The initial unpolarized beam carries an intensity of /.

(b) After passing through the first polaroid sheet, the light becomes linearly polarized, and its

intensity is reduced to exactly half of its initial value:

Iy
11:5

(c) State Malus’s Law, which governs the transmission of polarized light through a second
polaroid sheet:
L =1 cos> @

(d) The transmission axis of the second filter is oriented at an angle 8 = 30° relative to the first
filter.

(e) Substitute the values into Malus’s Law and calculate the final intensity:

I 1 Vi k.3 3
— (Y 2030°) = (22 ) 20222
12—(2)cos(30) (2)><(2) 7 %7 810

Final Answer: The final transmitted intensity is 3/8 1.

Answer: (B)

Go Back to Question 25
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Q26.

Concept: An astronomical telescope uses two convergent lenses to magnify distant objects. Under
normal adjustment, the telescope is configured so that the final image forms at infinity, ensuring
comfortable, relaxed viewing.

Solution:

(b) The focal length of the eyepiece lens is given as f, = 5.0 cm.

(c) State the formula for the magnifying power of an astronomical telescope under normal

adjustment conditions:

oo Lo
Je
(d) Substitute the given focal lengths into the magnifying power equation:
140
m= ——
5.0

(e) Perform the division to calculate the final angular magnification factor:

m =28

Final Answer: The magnifying power of the telescope for normal adjustment is 28.

Answer: (A)

Go Back to Question 26

(a) Identify the given optical parameters: the focal length of the objective lens is f, = 140 cm.
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Q27.

Boltzmann Law.
Solution:

scale:
T; =27°C +273 =300 K

T, = 327°C + 273 = 600 K
(b) State the proportionality from the Stefan-Boltzmann Law:

EoxT*

Ex (D)
E. \Ty

(d) Substitute the absolute temperatures into the ratio and simplify:

E, 600
E

4
_ |2 _ 1h)\4 —
300)‘(2)‘16

(e) Solve for the final radiant energy rate: E, = 16E.

Final Answer: The rate of radiation of energy will become 16E.

Answer: (D)

Go Back to Question 27

Concept: The total energy radiated per unit surface area of a black body is directly proportional
to the fourth power of its absolute temperature. This relationship is established by the Stefan-

(a) Convert the initial and final temperatures from the Celsius scale to the absolute Kelvin

(c) Setup aratio linking the initial and final states of the radiating system:
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Q28.

Concept: For a system of point charges to be in static equilibrium, the net electrostatic force
acting on every individual charge must equal zero. This requires applying Coulomb’s Law to each
charge in the system.

Solution:

(a) Place charge +4g at x = 0 and charge +g at x = L. For the third charge Q at position x to

experience zero net force, it must be placed between them, meaning Q must be negative.

(b) Set the net electrostatic force on charge Q to zero using Coulomb’s Law:

k(49)Q _ kqQ 2 1

x2 (L-x)? x L-x

(c) Cross-multiply and solve for the position x:

2L
2L - 2x=x — 3x=2L = x:?

(d) The distance from charge +¢ located at x = L is:

d:L——:

2L L
3 3

(e) Set the net force on charge +¢ to zero to find the magnitude of Q:

Kda)@) KO . 4q_ 90 4
12 o P T

Final Answer: At distance L/3 from +q, Q = -4q/9.

Answer: (A)

Go Back to Question 28
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Q29.

Concept: Discharging or isolating a capacitor keeps its stored charge constant because the
electrical isolation prevents charge from entering or leaving the plates. Changes in voltage or
capacitance are determined by the new geometry.

Solution:

(a) The parallel-plate capacitor is disconnected from its charging source, meaning the net

charge Q trapped on its conductive plates must remain constant.
(b) The formula for the capacitance of a parallel-plate structure is:

goA
c =22
d
(c) Increasing the plate separation distance d causes the capacitance value C to decrease.

(d) Use the fundamental charge equation to find how this change affects the potential difference:

V==
C

(e) Since the charge Q is constant and the capacitance C decreases, the potential difference V

across the plates must increase.

Final Answer: Charge remains constant, potential difference increases.

Answer: (B)

Go Back to Question 29
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Q30.

(a)
(b)
(©)

(d)

(e)

t9)

Concept: The symmetry of a bridge circuit can simplify resistance calculations. In a balanced
Wheatstone bridge configuration, no current flows through the central branch, allowing that resistor
to be removed from the calculation.

Solution:

The given schematic diagram forms a classic Wheatstone bridge layout.

Label the resistor values in the network branches: P =4Q, 0 =4Q, R =4Q,and S =4 Q.

Check the balance condition of the bridge by evaluating the ratios of opposite branches:

4 R 4
_:—:1, —:—:1:}
4 S 4

L
o S

Since the bridge satisfies the balance condition, the electrical potential at the two ends of
the central resistor is equal. No current flows through this central 4 Q branch, so it can be

removed.

The network simplifies to two parallel branches, where each branch consists of two 4 Q

resistors in series:

Rop=4+4=8Q, Riouom=4+4=8Q

Calculate the total equivalent resistance of these two parallel 8 Q branches:

8x8 64
Rxy=gc—=7—2=

=—=4Q
8+8 16

Final Answer: The equivalent resistance measured between terminals X and Y is 4Q.

Answer: (B)

Go Back to Question 30
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Q31.

(a)

(b)

(©)

(d)

(e

Concept: A potentiometer operates on the principle that the potential drop across any portion of a
uniform wire is directly proportional to its length when a steady current flows through it. The
potential gradient determines the balance condition.

Solution:

Find the total resistance of the primary circuit loop containing the potentiometer wire and
the series resistor:
Riotal = Ryire + Rseries = 10+ 5 = 15Q

Calculate the steady electric current supplied by the accumulator through the primary
circuit:

E 3
1= =—=02A
Rtotal 15

Compute the overall potential drop produced across the entire length of the potentiometer
wire:
Vwire = I X Ryire =0.2%x10=2V

Determine the potential gradient per unit length along the wire:

— Viire _ 2V

k - =
Lywire 100 cm

=0.02 V/cm

Equate the unknown balancing electromotive force to the potential drop over length / to

solve for it:

1.2
Eunknown = k-1 = 1.2=002-1 = l:m:a)cm

Final Answer: The value of 1 is 60 cm.

Answer: (B)

Go Back to Question 31
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Q32.

Concept: When a charged particle moves perpendicularly into a uniform magnetic field, the
magnetic force provides the centripetal acceleration, causing the particle to move along a circular
path whose radius depends on its momentum.

Solution:

(a) Express the circular path radius in terms of kinetic energy, mass, and charge:

mv  V2mK

_q_B_ gB

(b) The problem states that both particles enter the same magnetic field with identical kinetic

energy values.

(c) This allows us to simplify the radius comparison into a direct ratio based on mass and
charge:

m

r o« ——

q

(d) A proton has a mass m,, = m and a charge g, = e. An alpha particle consists of two protons

and two neutrons, giving it a mass m, = 4m and a charge g, = 2e.

(e) Formulate the relative ratio between the two orbital path radii:

r_P_VmPXQQ_\/mX 2e \/ﬁ 2e

= = — = — = 1
e dp Vo e V4m e 2\/%
Final Answer: The ratio of the radii of their circular pathsis 1 : 1.
Answer: (A)
Go Back to Question 32
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Q33.

Concept: The magnitude of the magnetic field generated by a long, straight, current-carrying
conductor at a perpendicular distance in a vacuum is given by Ampere’s Law.

Solution:
(a) State the algebraic formula derived from Ampere’s Law for an infinitely long wire:

Hol
B="
2nr

(b) Identify the given physical constants and parameters: the electric current is / = 10 A.

(c) Convert the perpendicular distance from centimeters to standard SI meters:

r=20cm =0.2m

(d) Substitute the permeability of free space po = 47 x 10~/ T - m/A into the magnetic field

expression:
P (4rx1077) x 10
 27x02

(e) Simplify the constants and evaluate the final magnetic flux induction value:

Final Answer: The magnetic field induction is 107> .

Answer: (A)

Go Back to Question 33
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Q34.

Concept: In an alternating current circuit containing both resistance and self-inductance, the
inductive reactance causes the voltage to lead the alternating current by a specific phase angle.
Solution:

(a) Identify the given properties: circuit resistance R = 20 €, self-inductance L = 0.5 H, and

source frequency f = % Hz.

(b) Calculate the angular frequency of the alternating current source:

50
w=2nf=2nX (—) = 100 rad/s
Vs

(c) Compute the inductive reactance generated within the coil branch:

X =wL =100%0.5=50Q

(d) State the trigonometric relationship for the phase angle in an RL circuit:

XL
tang = —
¢ R

(e) Substitute the calculated values into the formula and solve for the phase shift:

tan ¢ = % =25 = ¢=tan"!(2.5)
Correction Note: Reviewing the standard options for a matched question reveals a typo in the
question parameters, where a standard inductive reactance of 20Q yields tan¢ = 1 — 45°.
Following the exact values provided here yields tan~!(2.5). Assuming intended canonical value
matching X; = R:

Final Answer: The phase difference between the voltage and the current in the circuit is 45°.

Answer: (B)

Go Back to Question 34
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Q3s.

(a)

(b)

(©)

(d)

(e

Concept: According to Faraday’s Law of Induction, a changing magnetic flux induces an
electromotive force in a closed loop. The magnitude of this induced voltage is equal to the time
rate of change of the magnetic flux.

Solution:

Write the mathematical expression for the time-dependent magnetic flux equation:

¢ =62-5t+1

Apply Faraday’s Law to find the magnitude of the induced electromotive force by differenti-

ating the flux function:
dp _d _,
=—=—(6:"=-5t+1
= a )
Compute the derivative using the power rule:

e=12t-5

Evaluate this induced voltage expression at the specific time parameter ¢t = 2 seconds:

e=12(2) -5

Complete the basic calculation to find the final induced electromotive force:

e=24-5=19V

Final Answer: The induced EMF in the coil at t = 2 seconds is 19 V.

Answer: (A)

Go Back to Question 35

collegedunia

47


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

Rajasthan JET Sample Paper

Physics

Q36.

(a)

(b)

(©

(d)

©)

Concept: The photoelectric threshold wavelength represents the maximum wavelength of incident
light capable of ejecting electrons from a metal surface. At this threshold wavelength, the photon
energy is exactly equal to the work function of the emitter.

Solution:

The problem states that light with a wavelength of 600 nm is just sufficient to cause emission

from the second photo-emitter.

This condition indicates that 1o = 600 nm is the exact threshold wavelength for this

substance.

State the relationship between the threshold wavelength and the work function of the emitter:

he

¢0=/l_0

Use the standard value for the product of Planck’s constant and the speed of light:

he ~ 1240 eV - nm.

Substitute the threshold wavelength into the energy equation:

B 1240 eV - nm

¢0 = 600 nm ~2.07eV

Final Answer: The work function of the second emitter is approximately 2.07 eV.

Answer: (A)

Go Back to Question 36
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Q37.

Concept: The wavelengths of spectral lines in the atomic hydrogen emission spectrum are
calculated using the Rydberg formula, which depends on the principal quantum numbers of the
initial and final energy states.

Solution:

(a) State the Rydberg formula for atomic transitions:

L_ g (1 1)
S =Ru|5-—
Z ny ny

(b) For the first line of the Lyman series, the electron drops from n, =2 ton; = 1:

1 1 1 1 3 4
— =Ruy|l=-=|=Ru(1->|=2Ry = 1, =—
A H(P 22) H( 4) 47 "7 3Ry

(c) For the first line of the Balmer series, the transition occurs from ny = 3 to n; = 2:

1 1 1 1 1 5 36
— =Ryg|l=-=|=Ryg|-—-=]==—R Ap = —
15 H(22 32) H( ) H — 4B

(d) Divide the Lyman wavelength by the Balmer wavelength to find their relative ratio:

AL_ﬁ_4x5_5
g 36 3736 27
Ry

Final Answer: The ratio of wavelengths is 5/27.

Answer: (A)

Go Back to Question 37
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Q38.

Concept: Radioactive decay follows an exponential decay law. The fraction of active radioactive
nuclei remaining undecayed depends on the number of elapsed half-life periods.
Solution:

(a) Identify the given time properties: the half-life period of the sample is T/, = 4 days.

(b) Calculate the total number of half-lives that occur during the 12-day interval:

t 12
n = — = — = 3 half-lives
T2 4

(c) State the radioactive decay formula for the fraction of remaining active nuclei:

N _(1)"
No \2
(d) Substitute the number of half-lives into the exponential expression:
N (1)
Ny \2

(e) Calculate the value to find the final remaining fraction:
N 1
No 8
Final Answer: The fraction of active nuclei that will remain undecayed is 1/8.

Answer: (B)

Go Back to Question 38
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Q39.

Concept: In a common-emitter transistor configuration, the current gain () is defined as the ratio
of the change in collector current to the corresponding change in base current.
Solution:

(a) Write the mathematical formula for the common-emitter current gain:

AL
Al

B

(b) Identify the given parameters: the current amplification factor is § = 100.
(c) The variation in the base input current is given as Al = 20 yuA = 20 X 1079 A.

(d) Rearrange the amplification formula to solve for the change in collector current:
Al. = BX Al
(e) Substitute the values and convert the final answer to milliamperes:
Al =100 (20 x 107 A) =2000x 107 A =2x 1073 A =2 mA

Final Answer: The corresponding collector current change will be 2 mA.

Answer: (A)

Go Back to Question 39
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Q40.

Concept: The logic function of a combinational logic circuit can be determined by analyzing how
the input signals propagate through each logic gate to the output.
Solution:

(a) Analyze the given circuit diagram: it consists of a single logic gate with two distinct input
lines, labeled A and B.

(b) Examine the shape of the logic component: it features a curved back input boundary
followed by an elongated output nose, which is the standard symbol for an AND gate.

(c) Observe the small inversion circle (bubble) placed directly at the output terminal node.

(d) This inversion bubble performs a NOT operation on the output of the preceding gate

structure.

(e) Combining the AND gate with the output NOT inversion bubble produces a NAND logic

gate, which performs the operation Y = A - B.

Final Answer: The logic gate represented is a NAND Gate.

Answer: (C)

Go Back to Question 40
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 C 2 C 3 A 4 B 5 B
6 B 7 B 8 D 9 B |10 A
11| A |12] B |13 | B 14| A |15 D
16| B |17 A |18 B |19 B |20 | B
21 C |22 C (23| B |24 B |25| B
26 A |27 D |28 A |29 B |[30| B
31 B |32 A |33| A [34| B |35 A
36| A |37 A |38 B 39| A 40| C
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