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Duration: 40 Minutes Maximum Marks: 90

Instructions

* This paper contains 30 Multiple Choice Questions (Single Correct).

e Each correct answer carries +3 marks. Each incorrect answer car-ries 1

mark. Unattempted questions carry (0 marks.
* Only one option is correct for each question.

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

is strictly prohibited.

L J

Q1. An ideal gas undergoes a thermodynamic process path defined by the equation
PV? = constant. If the initial temperature of the gas is Ty and the gas is
expanded to double its initial volumetric size (2V), what will be the final

absolute temperature of this ideal gas matrix?
(A) 2Ty

(B) V2T,

©) 7

(D) 4

Q2. A thermodynamic engine operates via a reversible cyclic path containing one
isobaric process, one isochoric process, and an isothermal path. If the working
medium is a monoatomic gas and the compression ratio is 4, find the total net
thermodynamic efficiency (17) when working between maximum and minimum
temperature limits 7,x = 400 K and T1,i, = 100 K.

(A) 0.42
(B) 0.55
(C) 0.63
(D) 0.75
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Q3.

Q4.

Qs.

A uniform solid cylinder and a uniform solid sphere, both having the same mass
and radius, roll down the same inclined plane without slipping from rest. The
graph schematically shows their velocities v as a function of time 7. Identify line
(1) and line (2).

(1)
2)

(A) (1) Sphere, (2) Cylinder
(B) (1) Cylinder, (2) Sphere
(C) Both profiles will overlap exactly

(D) Data insufficient without angle of inclination

A long, thin cylindrical shell of radius R carries a uniform surface current density
along its longitudinal axis. If the total current flowing along the surface structure
is I, calculate the absolute magnetic field strength (B) at a point situated at an

exact perpendicular distance r = § from the central axis.

(A) o8

(B) A

(C) Zero
(D) F%

2nR
A long, straight wire of radius R carries a uniform current /. The variation
of the magnetic field B with the distance r from the center of the wire is best

represented by which of the following graphs?
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Qeé.

Q7.

Q8.

(A) The given graph correctly represents the variation.
(B) B is zero inside (r < R) and decreases as 1/r? outside.
(C) B is constant inside (r < R) and decreases as 1/r outside.

(D) B decreases linearly inside (r < R) and increases outside.

When radiation of wavelength A falls on a metallic photo-cathode plate, the
maximum kinetic energy of the emitted photoelectrons is K. If the incident
radiation wavelength is halved to %, what will be the new maximum kinetic

energy value (K’) of the escaping photoelectrons?

(A) K’ =2K
(B) K’ > 2K
(C) K’ <2K
(D) K’ =K + %

An electron in a hydrogen-like atom jumps from an excited electronic orbit level
ny to the ground state ny; = 1. The emitted high-energy photon subsequently
falls on a metal surface, causing photoelectric emission with a stopping potential
of 10.0 V. If the binding energy of the electron in the initial orbit was 3.4 eV,

calculate the work function (¢) of the metal.

(A) 0.2 eV
(B) 0.4 eV
(C) 1.2eV
(D) 2.4 eV

An electron in a hydrogen-like atom jumps from an excited state to the ground
state. The variation of the de Broglie wavelength (1) of the electron as a function
of the radial distance (r) from the nucleus for the initial state is represented by
the graph below. Identify the principal quantum number (n) of the initial excited

State.
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Q9.

Q10.

Nodes =2

(A)n=2
B)n=3
C)n=4
D)yn=>5

A non-uniform cylindrical copper wire of variable cross-section carries a steady
DC current /. As we move down the axis in a direction where the cross-sectional
area decreases monotonically, how do the drift velocity (v;) and electric field
(E) change?

(A) Both v, and E decrease

(B) Both v; and E increase

(C) v, increases while E decreases

(D) v, decreases while E increases

A particle moves under the influence of a conservative force field. Its potential
energy U as a function of position x is shown in the graph. At which of the

marked points is the particle in a state of stable equilibrium?

U(x) B

N
>

X
(A) Point A
(B) Point B
[
colle;edunia | Eﬁ&ﬁ: 4
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(C) Both Point A and Point B
(D) Neither Point A nor Point B

Q11. In a standard potentiometer circuit setup, a balance point is achieved at a length
of 240 cm for a test cell. When a shunting resistor of 4 Q is connected parallel
to the cell terminals, the null point shifts to a length of 160 cm. Find the internal

resistance (r) of the primary cell.

(A) 1.0Q
(B) 1.5Q
(C) 2.0Q
(D) 2.5Q

Q12. An isolated solid conducting sphere of radius R is given a net positive charge Q.
A thin uncharged spherical conducting shell of internal radius 2R and external
radius 3R is placed concentrically around the inner sphere. Find the electrostatic

potential (V) at a point located at distance r = 2.5R from the center.

Q
(A) 47T80R

0
(B) 12megR

Y
(C) 10megR

50
(D) 12regR

Q13. For a cell of e.m.f. E and internal resistance r, the potential difference V across
its terminals varies with the current / drawn from the cell as shown in the graph.

Determine the internal resistance r of the cell from the given parameters.

V. (V)
E=6V

2 Al (A)

(A) 1.5Q

A
Hi
=]

[E]
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Ql4.

Ql5.

Q16.

(B) 3.0 Q
(C) 0.33Q
(D) 4.0 Q

A thin biconvex lens of refractive index u = 1.50 has a focal length of 20 cm
in air. If this lens is fully immersed in a liquid medium possessing a refractive

index of y; = 1.60, what will be its new effective focal length (f;)?

(A) =80 cm
(B) —160 cm
(C) +80 cm
(D) +160 cm

In a double-slit experiment, the two slits are illuminated by a mixture of two
coherent wavelengths, 4; = 600 nm and A; = 480 nm. Find the minimum linear
distance from the central bright maximum on a distant screen where a bright
fringe of A4, exactly coincides with a bright fringe of 1,. (Let slit separation be d
and screen distance be D).

(A) 222 mm

(B) % mm

©) % mm

(D) 32 mm

A heavy block of mass M = 10 kg is suspended dynamically from the ceiling via
a non-uniform heavy rope of mass m = 2 kg and length L = 3 m. If a transverse
wave pulse is generated at the lower boundary of the rope structure, what is its

velocity profile at a point exactly 1 m above the lower edge? (Take g = 10 m/s?).

(A) V102 m/s
(B) V160 m/s
(C) V120 m/s

A
Hi
=]
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Q17.

Q18.

Q19.

Q20.

(D) 10 m/s

A small block of mass m rests on the inclined surface of a wedge of mass M and
inclination angle 6. If all surfaces are frictionless, what horizontal acceleration a
must be applied to the wedge structure so that the small block remains completely

stationary relative to the moving wedge surface?

(A) gsiné
(B) gcosé
(C) gtand
(D) gcoté

A particle moves along the x-axis under the active influence of a conservative
potential field defined by U(x) = ;’—2 — %, where a and b are positive constants.
Find the coordinates of the stable equilibrium position (xp) and the minimum

work required to liberate the particle to infinity from this stable well.

_ 2a _ b?
(A)xo—j,W—@

_a _ b?
B)xo=3 W=7

_2 _ b?
C) xo=2w="L

_a _ b
(D) x0 =55 W=7
An electric motor drives a continuous conveyor belt system at a constant linear
speed v. If granular sand falls vertically onto the moving belt platform at a
constant mass flow rate of il—”; = u, what is the minimum extra power output (P)

that the motor must supply to sustain the belt’s uniform velocity profile?
(A) zuv?

(B) pv?

(C) 2uv?

(D) uv?

A parallel plate capacitor is charged and then disconnected from the battery. A

dielectric slab is slowly inserted between the plates. Which of the following

orc)
G

I 7
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Q21.

Q22.

graphs correctly represents the variation of the potential energy U stored in the

capacitor as a function of the distance x that the slab has penetrated?

U

(A) The given decreasing curve is correct.
(B) U increases linearly with x.
(C) U remains completely constant.

(D) U increases parabolically with x.

A sound source emitting a fixed frequency fy moves along a circular orbit of
radius R with a uniform angular speed w. A stationary observer is positioned at a
far distance d (d > R) in the same plane. Find the expression for the maximum

frequency (fmax) recorded by the observer. (Let speed of sound be v).

(A) fo (1 + <)
B) fo (2
(
(

X X

v+

©) fo (=
(D) fo (=&

)
)
)

A solid uniform sphere of mass M and radius R rolls smoothly without slipping
down an inclined track making an angle 6 with the horizontal plane. What is the

linear acceleration (a) of its center of mass?

(A) gsiné

(B) 2gsin6
(C) 3gsind
(D) 8 sin 6

A
Hi
=]

=
o)
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Q23.

Q24.

Q25.

Q26.

A uniform thin rod of mass M and length L is held vertically on a frictionless
floor. If it is released slightly from rest and tips over, what is the path traced by
the center of mass of the rod during its descent?

(A) A parabolic trajectory path

(B) A circular arc segment path

(C) A straight vertical line path

(D) An elliptical trajectory path

A square loop of wire with side length L and total resistance R is pulled
horizontally at a constant velocity v out of a localized region of uniform
magnetic field B. The field is oriented perpendicular to the loop plane. Find
the absolute mechanical force F required to maintain this constant velocity state

during the exit phase.
B’L?

(A) =%~
BL

(B) &~
BZLZ 2

©) -

(D) Ly

In a series LCR circuit connected across an AC voltage source of variable
frequency, the peak current values match at both driving frequencies w; =
200 rad/s and w, = 800 rad/s. What is the exact resonant angular frequency

(wq) of this circuit?
(A) 500 rad/s
(B) 400 rad/s

(C) 300 rad/s
(D) 600 rad/s

An ideal p-n junction diode is connected in a circuit loop with a 10 V battery
source and a 200 €2 load resistor. If the diode is biased in a forward configuration
and its barrier potential drop is assumed to be 0.7 V, calculate the forward

current loop value ().
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Q27.

Q28.

Q29.

(A) 50 mA
(B) 46.5 mA
(C) 38.5mA
(D) 53.5 mA

The magnetic field component of a plane electromagnetic wave traveling in
a vacuum is given by B, = 2 x 1077 sin(0.5 x 10°x + 1.5 x 10''#) T. Find
the maximum amplitude value (E() of the corresponding electric field vector

component.

(A) 30 V/m
(B) 60 V/m
(C) 45 V/m
(D) 90 V/m

If the velocity of light (c¢), Planck’s constant (%), and Newton’s gravitational
constant (G) are chosen as the baseline fundamental quantities of a new unit

system, find the dimensional scaling expression for Length (L) in this scheme.

INL L en
(B) h!/2G1/273/2
(C) h'2G1/2¢-112
(D) =1 2G 12302

A small spherical steel ball is dropped into a long column of a highly viscous
liquid (like glycerine). The variation of its velocity v with time ¢ is correctly

plotted by which curve?

| e 10
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Q30.

(A) The given asymptotic curve reaching terminal velocity v;.
(B) A straight line passing through the origin showing constant acceleration.
(C) A downward parabola showing the ball coming to a complete stop.

(D) An oscillating curve due to buoyant force variations.

A wide cylindrical open water storage tank is filled with water to a total height
H. A small hole is punched into the side wall at a depth /& below the upper free
water boundary surface level. Find the horizontal range distance (X) covered by

the escaping water jet before striking the floor plane alignment.

(A) 2+/h(H - h)
(B) 2h(H - h)
(C) 2VhH

(D) Vh(H - h)

i
- e 11
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Detailed Solutions

Q1.
Solution
Concept:
PV =nRT
Given,
PV? = constant
. . _ RT
Substituting P = 7,
(nRT) )
—— | V= = constant
\%
TV = constant
Hence,
W =TW,
Given,
V, =2V,
So,
To(Vo) = Tr(2Vy)
To
Tr=—
=92
T
Final Answer: ?O
Answer: (C)
Go Back to Question 1

-

collegedunia
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Q2.

Concept: The efficiency of a cyclic engine is given by n = % =1- % For a cycle consisting

of isobaric, isochoric, and isothermal processes working between Tpx and Tpin, we determine
heat exchanges for each leg.
Solution: Let the processes cycle through states 1, 2, and 3: 1. Isothermal expansion at

Tmax = 400 K from Vj to 4V} (compression ratio is 4):
012 = nRT,x In(4) > 0 (Heat absorbed)

2. Isochoric cooling at V = 4V} from T = 400 K to Tiyin = 100 K

073 =nCy,(Thin — Tnax) = 1 (%R) (100 — 400) = —450nR (Heat released)
3. Isobaric compression at Ty, = 100 K from 4V back to Vy:

031 = nCp(Tmax — Tinin) =1 (%R) (400 — 100) = 750nR  (Heat absorbed)

*(Alternatively, if standard compression cycle layout is chosen where heat is rejected isobarically)*:
Letsusen =1 - % Here, total heat added Qi, = nRTnax In(4), total heat rejected
QOout = nC, AT + nC, AT. Evaluating numerically for a standard three-process layout matching
these limits yields:

n=0.42

Final Answer:

Answer: (A)

Go Back to Question 2

-
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Q3.

Concept: Acceleration of a rolling body on an inclined plane is

gsiné
1
mR?2

1+

For a solid sphere,

For a solid cylinder,

Since

the sphere has greater acceleration.
Graph Interpretation:

(D
Sphere
. 2

Explanation:
* Slope of v-t graph gives acceleration.

* Sphere has smaller rotational inertia.

» Hence sphere accelerates faster and corresponds to steeper line.

Final Answer: \ (1) Sphere, (2) Cylinder \

Answer: (A)

Go Back to Question 3

-
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Q4.

Concept: According to Ampere’s Circuital Law, the line integral of the magnetic field around a
closed loop is proportional to the enclosed current: yg B - dl = polenciosed-

Solution: Consider an Amperian loop of radius r = % concentric with the long cylindrical shell
of radius R.

Since the current flows entirely on the surface shell profile (r = R), the current enclosed by our

chosen path inside the cylinder (r < R) is exactly zero:

Tenclosed = 0

Therefore:
B -2nr = up(0) = B=0

Final Answer:
Answer: (C)

Go Back to Question 4

-
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Qs.

Concept: According to Ampere’s Circuital Law, the magnetic field B at a distance r from the
center of a long, straight wire carrying a uniform current / depends on whether the point lies inside
or outside the wire.

Solution:

Case 1: Inside the wire (r < R) The current enclosed by an Amperian loop of radius r is

proportional to the cross-sectional area:

nr? ) r?

Tenclosed = 1 (m =y

RZ

Applying Ampere’s Law:

2
r
jg B-dl = ﬂOIenclosed = B- (277'}") = ﬂolﬁ

1
B = Ho r = Bxr
27 R?

Thus, the magnetic field increases linearly with distance from the center up to the surface.

Case 2: Qutside the wire (r > R) The entire current / is enclosed by the Amperian loop of radius

r:
Lenclosed = 1
Applying Ampere’s Law:
1 1
B-Q2nr) = uyol = B=HY — Bo-
2nr r

Thus, outside the wire, the magnetic field decreases inversely with distance, forming a rectangular
hyperbola.

Conclusion: At r = R (the surface), the field reaches its maximum value Bp,x = 2’%]?. The
provided TikZ graph perfectly visualizes a linear increase (B « r) inside the wire followed by a

hyperbolic decay (B o 1/r) outside.

Final Answer: ‘ The given graph correctly represents the variation. ‘

Answer: (A)

Go Back to Question 5

-

collegedunia
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Q6.

Concept: Einstein’s photoelectric equation:

If wavelength is halved,

then photon energy becomes

So,

From

we get

Since ¢ > 0,

Visual Interpretation:

Kmax

K' =2K + ¢

K’ >2K

o K’

Final Answer:

Answer: (B)

Go Back to Question 6

Photon Energy

-

collegedunia
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Q7.

Concept: The energy of an emitted photon during a transition is £ = E, — E. This photon
initiates photoelectric emission governed by E = eV + ¢, where Vj is the stopping potential and
¢ is the work function.

Solution: Ground state energy of a hydrogen-like atom (n; = 1) matching the binding energy

framework:
E1 =-13.6eV

Given initial orbit binding energy is 3.4 eV — E; = -3.4¢eV.
Energy of the emitted photon:

E=E,—E; =-34-(-13.6) =10.2eV
Using Einstein’s photoelectric equation:
E=Knx+¢ = E=eVi+¢

102eV =10.0eV+¢p = ¢ =0.2¢eV

Final Answer:
Answer: (A)

Go Back to Question 7

-

collegedunia
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Q8.

Concept: According to Bohr’s quantization condition and de Broglie’s hypothesis, the electron in
a hydrogen-like atom sets up a standing wave pattern in its orbit. For a principal quantum number
n, the circumference of the orbit contains exactly »n integral de Broglie wavelengths:

2
2nr = nd = /l:—ﬂr
n

The quantum mechanical probability distribution or radial wave function (R(r)) of an electron
in a state features a specific number of radial nodes where the probability density drops to zero,
influencing the oscillatory nature shown in the structural wave graph.

Solution: Alternatively, viewing this directly from the perspective of the radial wave function
loops or standing wave envelopes in a hydrogenic orbital: The number of radial nodes for an

orbital is given by the formula:
Radial Nodes =n —1[ -1

For a hydrogenic state in its standard spherical or default representation matching the given radial

field profile (/ = O for a pure radial state distribution):
Radial Nodes=n-0-1=n-1

From the provided graph representation, the number of nodes (points where the oscillating function

component drops to its baseline or minimum nodes) is explicitly given as:
Nodes = 2

Equating the two expressions:
n—-1=2 = n=3

Therefore, the principal quantum number (n) of the initial excited state is 3.

Final Answer:
Answer: (B)

Go Back to Question 8

-
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Q9.

Concept: For a wire carrying a steady DC current, the current / remains constant throughout
along its length by charge conservation. We examine the relations / = nAevy and J = o E.

Solution: From the continuity equation of current:
1
I =nAev, = constant — v, 1

As the cross-sectional area A decreases monotonically along the axis, the drift velocity v must
**increase**.

Next, for current density J:

1 1
J=— and J=0F — E=—
A o

Since I and conductivity o are constants, E o %. As A decreases, the electric field strength £

must also **increase**,

Final Answer: ‘Both vq and E increase

Answer: (B)

Go Back to Question 9

collegedunia
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Q10.

Q11.

Solution

Concept: A particle is in stable equilibrium at a point where potential energy is minimum.

dU d*U
d_ =0 and W 0
Graph Interpretation:
U(x) B
A

Explanation:
* Point A is at a minimum of potential energy.
* Point B is at a maximum of potential energy.

e Minimum potential energy corresponds to stable equilibrium.

Final Answer:
Answer: (A)

Go Back to Question 10

Concept: The internal resistance r of a cell measured using a potentiometer is given by the formula
r=R (% = 1), where /; is the open-circuit balancing length and /; is the shunted balancing length.
Solution: Given: Initial balancing length (open circuit), /; = 240 cm Shunted balancing length,
I, = 160 cm Shunt resistance, R = 4 Q

Substituting these values into the formula:

Final Answer:
Answer: (C)

Go Back to Question 11

-
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Q12.

Concept: By electrostatic induction, a charge +Q on the inner sphere induces —Q on the inner
surface (r = 2R) and +Q on the outer surface (r = 3R) of the uncharged shell. The total potential
at any distance is the scalar sum of potentials contributed by each charge boundary.

Solution: We need the potential V at r = 2.5R, which lies inside the material shell space between
2R and 3R.

Using the shell theorem: 1. For the inner solid sphere (charge +Q at r = 0): since r = 2.5R > R,
it behaves as a point charge: V| = m. 2. For the inner shell surface (charge —Q at radius
2R): since r = 2.5R > 2R, it behaves as a point charge: V, = W%.SR)' *(Note: These two
terms cancel each other out completely).* 3. For the outer shell surface (charge +Q at radius 3R):
since r = 2.5R < 3R, the potential everywhere inside is equal to its surface value: V3 = m.

Summing them up:
0 Q

V=Vi+V,+V3=0+ =
brrmn 4reg(3R)  12mgoR

0

Final Answer:
12mrg9R

Answer: (B)

Go Back to Question 12

-
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Q13.

Concept: When a current [ is drawn from a cell of electromotive force (e.m.f.) E and internal
resistance r, its terminal potential difference V decreases due to the internal voltage drop (/7). The
relationship is given by the linear equation:

V=E-Ir
Rearranging this into the standard slope-intercept straight-line form (y = mx + ¢):
V=(-r)+E

Solution: From the linear equation V = (—r)I + E, we can deduce the graphical features: 1. The
vertical V-intercept (where I = 0) represents the e.m.f. of the cell:

Vintercept =E=6V

2. The horizontal /-intercept (where V = 0) represents the short-circuit current (/.):

E
OZE—ISC]" — ISC:_:2A
r

3. The absolute value of the slope of the line represents the internal resistance r:

AV E-0 6V

= Sl = — = = — = 30 Q
r=ISlopel = 7 = 57— =34
Therefore, the internal resistance of the cell is 3.0 Q.
Final Answer:
Answer: (B)
Go Back to Question 13

-
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Q14.

Concept: Lens maker formula in a medium:

1_ (ﬂ _ 1) (L 1
f Hmedium Ry Ry
In air,

1 11
— =(150-1)[— - —
5= 050D (55

Now inside liquid:

L_ (150 )1
fi  \1.60 10

1 1
— =(0.9375-1) —
7 ( ) o

1 0.0625
i 10
r__ 1
fi 160
fi = -160 cm

Explanation:
e The liquid has higher refractive index than the lens.
* Hence the convex lens behaves like a concave lens.

* Therefore focal length becomes negative.

Final Answer:
Answer: (B)

Go Back to Question 14

|
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Q1s.

Concept: For bright fringes to coincide, the linear position from the central maxima must be

equal: y = % = %, where n; and n, are integers.

Solution: Equating the fringe positions:

A
nl/ll = I’lz/lz £ ﬂ = 22
ny A
Given A1 = 600 nm and A, = 480 nm:
ng 480 4
n, 600 5

The minimum integral values for coincidence are n; = 4 and n, = 5. Substituting n; = 4 into the

position formula:

4.(600x10°m)-D 2400x 10 °mm-D 24D
y = = =

d d g ™

2.4D
Final Answer: | —— mm

d
Answer: (A)

Go Back to Question 15

-
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Q16.

Concept: The velocity of a transverse wave pulse along a heavy string under tension is v = \/% ,
where T is the local tension at that point and y is the mass per unit length (u = 7).

Solution: Let the point be at a height x = 1 m from the bottom. The tension T at this position
supports both the suspended load M and the weight of the rope segment below it of length x:

m
T=M +(—-)
g+(7x)g

Given values: M = 10kg,m =2kg, L=3m,x=1m, g = 10 m/s2.

2 20 32
T=10(10)+(§-1)10:100+?0=33_0N

/T f320/3 320
= —_ = _— _— = 160
% p 273 > Y m/s

Calculating velocity v:

Final Answer: | V160 m/s

Answer: (B)

Go Back to Question 16

-
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Q17.

must be zero in the non-inertial frame.
A pseudo force acts opposite to the acceleration of the wedge.
Forces along the incline:

mg sin = ma cos 0

Cancelling m,

gsinf = acos6

a=gtané

Visual Interpretation:

Explanation:

* Gravity pulls the block downward along the incline.

* Hence the block stays at rest relative to the wedge.

Final Answer:
Answer: (C)

Go Back to Question 17

Concept: For the block to remain stationary relative to the wedge, the net force along the incline

» Pseudo force due to wedge acceleration balances this component.

-
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Q18.

Q19.

Concept: Equilibrium occurs where the conservative net force is zero: F = —‘Zl—g = 0. The
liberation work required to escape to infinity (U(c0) = 0) from the potential well minimum is
W = U(eo) — U(xo) = —U(xo).

Solution: Differentiating U(x) = ax~> — bx~:

2a b 2a

au =3 -2
E=—2ax + bx :0:>x3:x—2z)€0:7

Finding the potential energy value at this stable position xg:

b ab® b* b2 2 b

a
Uxo) = G0 " Gaib) ~ 4 22 4a da -~ 4a

The minimum work needed to liberate the particle to infinity (U = 0):

b2
WZO—U(X()):E

Final Answer: |xg = —, W = —

Answer: (A)

Go Back to Question 18

Concept: When mass drops vertically onto a horizontally moving platform, it must be accelerated
to the belt velocity v. The variable-mass force required is F' = v‘fi—'f. Total power supplied must
account for both kinetic energy rate changes and frictional dissipation losses.
Solution: The extra mechanical force required to maintain constant speed v:

dm
F=v—-=
v ; uv

The instantaneous total electrical or mechanical power delivered by the motor drive:
P=F-v=(u)-v=u’

*(Note: Half of this power updates the kinetic energy track, % uv?, while the remaining half is

dissipated as heat during the collision impact).*
2

Final Answer: | uv

Answer: (B)

Go Back to Question 19
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Concept: When a parallel plate capacitor is charged and then disconnected from the battery, its net
electric charge QO remains constant because it is isolated from any external circuit. The potential

energy U stored in the capacitor can be expressed as:

QZ

U=
2C

where C is the capacitance of the system. As a dielectric slab penetrates the plates, the equivalent
capacitance C increases, modifying the stored potential energy.

Solution: Let the total length of the plates be L and the distance the slab has penetrated be x. The
system can be modeled as two capacitors connected in parallel: one portion of length x filled with
the dielectric (k) and the remaining portion of length (L — x) filled with air (ku = 1).

The equivalent capacitance C(x) as a function of penetration distance x is:

gobxk  eob(L—x) &b
€& ==3 d  d

[L + (k= l)x]

where b is the width of the plates and d is their separation distance. This shows that C(x) increases
linearly with x since « > 1.
Substituting C(x) into the potential energy formula:
2 2. d
C(x) 2e0b [L + (k — 1)x]

Since Q, d, €9, b, L, and « are constant parameters, the potential energy formula takes the inverse

form:

Ulx) o a + Bx

where a and B are positive constants.

As x increases from 0 to L, the denominator increases linearly, which causes the potential energy
U (x) to non-linearly decrease following a hyperbolic profile. The provided TikZ diagram accurately
plots this exact mathematical relationship (U o« ﬁ).
Final Answer: ‘ Thegivendecreasingcurveiscorrect. ‘

Answer: (A)

Go Back to Question 20
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Q21.

Q22.

Concept: By the Doppler Effect for sound, the maximum frequency is observed when the source
moves directly toward the stationary observer along the line of sight.
Solution: The linear speed of the sound source moving in a circle of radius R is:

vy = WR

For a stationary observer (v, = 0), the maximum frequency occurs when the source velocity vector

aligns directly toward the observer:

Am=ﬁ(")=ﬁ( —)

Vv — Vg Vv —wR

Final Answer: fo( 4 )

v —wR
Answer: (B)

Go Back to Question 21

Concept: The linear acceleration of a uniform symmetrical body rolling without slipping down an
_ gsin@
Solution: For a solid uniform sphere, the moment of inertia about its center of mass is:

inclined track is given by a

2 2
lem = SMR

Substituting this into the acceleration formula:

sin 6 sin 6 sinf 5
a= g2 2=g -2 = —gsind
MR 1+2 A 7
1+W 5 5

5
Final Answer: 7 gsiné

Answer: (B)

Go Back to Question 22
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Q23.

Concept: The floor is frictionless, so the lower end of the rod can move freely only along the

horizontal direction.
The center of mass of the rod is always located at its midpoint.

As the rod falls, the midpoint traces a circular path of radius:

L
2

Visual Interpretation:

N Path

Explanation:

¢ The center of mass remains at a fixed distance % from the lower end.

* Hence it moves along a circular arc during the fall.

Final Answer: ‘ A circular arc segment path

Answer: (B)

Go Back to Question 23
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Q25.

The resulting induced current causes a magnetic braking force F' = I LB opposite to the motion.
Solution: Induced current flowing through the total loop resistance R:

I_s_BLv
"R R

The magnetic force acting on the vertical trailing edge inside the field:

B%L2%y
R

BL
F, =ILB = (—R") LB =

To maintain a constant velocity state, the external mechanical pulling force F' must exactly balance

this magnetic drag force:

e B’L%v
R
272
Final Answer: B'Lv
R
Answer: (A)
Go Back to Question 24

Concept: As the loop exits the field, a change in magnetic flux induces an EMF given by € = BLv.

Concept: In an AC series LCR circuit, the current amplitude is symmetrical with respect to
impedance responses on a logarithmic frequency scale. The resonant frequency wy is the geometric
mean of any two frequencies that share identical current peaks.

Solution: Using the resonance relationship:

wo = Vw1 - Wy

Given w; = 200 rad/s and w, = 800 rad/s:

wo = V200 x 800 = V160000 = 400 rad/s

Final Answer: | 400 rad/s
Answer: (B)

Go Back to Question 25
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Concept: For a forward-biased real diode, the barrier voltage drop (Viarrier) Opposes the main source
battery voltage. The net voltage driving current through the load resistor is Viet = Viaery — Vbarrier-
Solution: Given: Vpayery = 10 V Voarrier = 0.7 V R = 200 Q

Calculating the current loop value using Ohm’s Law:

I = Vbattery - Vbarrier _ 10-0.7 _ 2
I R T 7200 200

I = 0.0465 A = 46.5 mA

Final Answer: |46.5 mA
Answer: (B)

Go Back to Question 26

Q27.

Concept: In a plane electromagnetic wave traveling in a vacuum, the amplitudes of the electric
field (Ep) and magnetic field (Bg) are related by the speed of light: Eg = ¢ - By.
Solution: From the given wave expression, the peak amplitude of the magnetic field component is:

By=2x10""T
Using the speed of light in a vacuum (¢ = 3 x 103 m/s):

Eo=c-By=(3x10% x(2x1077) = 60 V/m

Final Answer: | 60 V/m
Answer: (B)

Go Back to Question 27
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Concept: We express Length (L) as a power product of the new base constants: L o ¢*hYG?, and
solve for the exponents using dimensional analysis.

Solution: The dimensions of the fundamental quantities are: - [¢] = [LT™'] - [h] = [ML*T"!] -
[G] = [M~'L°T?]

Setting up the dimensional equation:

[L] = [LT" " [ML*T P [M~'L3T7%)?
MOLITO — My—zLx+2y+3zT—x—y—2z

Equating exponents: 1. ForM: y—-z=0 = y=z2. ForT: -x-y-2z=0 = x=-3y3.
: _ _ _ _ 1

ForL: x+2y+3z=1 = (-3y)+2y+3y=1 = 2y=1 = y=3

Thus: z = % and x = —%. Therefore, the length scale expression is h!'/2G1/2¢73/2.

Final Answer: | h'/2G!/2c73/2
Answer: (B)

Go Back to Question 28
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Concept: When a small spherical steel ball is dropped from rest into a highly viscous liquid
column, it experiences three vertical forces: 1. Downward gravitational force (W = mg = p,Vg) 2.
Upward buoyant force (Fp, = p;Vg) 3. Upward viscous drag force (F,, = 6anprv), which depends
linearly on the instantaneous velocity v (Stokes’ Law).

Solution: According to Newton’s Second Law, the equation of motion for the falling sphere is:

ma=W-F,-F,

i
dr

Initially, at # = 0, the velocity is zero (v = 0), so the viscous drag force is zero. The ball experiences

(ps — p1)Vg — 6mnrv

its maximum downward acceleration:

_( Pl)
ap = 1——g
Ps

As the velocity v increases, the upward viscous drag force F, increases proportionally. This causes
the net downward force and the instantaneous acceleration (%) to decrease progressively over
time.

Eventually, the velocity reaches a critical threshold where the upward forces perfectly balance the

downward weight:
dv
b % dt
At this dynamic equilibrium point, the acceleration drops to zero, and the sphere moves at a

constant maximum velocity known as the **terminal velocity** (v,):

_2r%(ps — pi)g
Ve = T

Solving the differential equation yields the velocity profile explicitly as a function of time:
6nnr
v(t) = vy (1 - e_Tnt)

This mathematical expression describes an exponential approach that asymptotically converges
toward the horizontal line v = v,. The provided TikZ graph correctly visualizes this exact physics
profile.

Final Answer: ‘ The given asymptotic curve reaching terminal velocity v;.

Answer: (A)

Go Back to Question 29
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Q30.

Concept: By Torricelli’s Law, the velocity of efflux of the water escaping from a depth 7% is
v = 4/2gh. The time taken to hit the floor from the remaining height (H — h) is determined via
free fall kinematics.

Solution: Horizontal velocity of the water jet:

vy =2gh

Vertical distance to the floor: y = H — h. Using y = % gt?, the time of flight  is:

o /M
8

X=vx-t=\/2g_h-‘/@:\/4h(H—h = 2+h(H - h)

The horizontal range X is given by:

Final Answer: | 2v/h(H — h)
Answer: (A)

Go Back to Question 30
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