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Duration: 45 Minutes Maximum Marks: 200

Instructions

* This paper contains 50 Multiple Choice Questions.

* Each correct answer carries +4 mark. Incorrect answer: —1 marks. Only

one correct option.
» Unattempted questions carry 0 marks.

* Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

Q1. A commercial dairy farmer uses a horizontal conveyor belt system to move feed
bags. A block of mass m = 5 kg is placed on the horizontal surface of the
conveyor belt. If the coefficient of static friction between the block and the belt
1s 0.4, what 1s the maximum acceleration that the conveyor belt can have so that
the block does not slip over it? (Take g = 10 m/s?)

(A) 2 m/s®
(B) 4 m/s
(C) 6 m/s?
(D) 8 m/s’

Q2. Two point charges +4¢ and +q are placed fixed at a distance L apart in a research
laboratory. A third point charge Q is to be placed on the straight line joining
them such that the net electrostatic force acting on Q is zero. What should be
the position of the charge O?

(A) At adistance of % from charge +¢
(B) At a distance of % from charge +4¢

(C) At a distance of %L from charge +¢

(D) Exactly midway at a distance of % from both charges
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Q3.

Q4.

Qs.

Q.

A ray of light passes through an equilateral glass prism such that the angle of
incidence is equal to the angle of emergence. If the angle of emergence is equal
to % of the refracting angle of the prism, calculate the total angle of deviation

produced by the prism.

(A) 30°
(B) 45°
(C) 60°
(D) 37°

In a farm workshop, a metallic rod of length 1.5 m is heated from 20°C to
80°C. If the coefficient of linear expansion of the metal is 2 x 107> /°C, find the
fractional change in the volume of a solid cube made of the exact same metal

when subjected to the same temperature rise.

(A) 1.2x 1073
(B) 2.4x 1073
(C) 3.6 x 1073
(D) 1.8 x 1073

The work function of a photosynthetic sensor material is 2.5 eV. Light of
wavelength 310 nm is made incident on this metallic surface. Determine the

maximum kinetic energy of the emitted photoelectrons. (Take ~c = 1240 €V -nm)

(A) 1.5eV
(B) 2.0 eV
(C) 4.0 eV
(D) 0.5 eV

A capillary tube of radius r is dipped vertically into a wide container filled
with water at a storage center. The water rises to a vertical height £ inside the

capillary. If the surface tension of water is 7 and the density is p, what is the
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Q7.

Q8.

Q9.

total mechanical work done by the force of surface tension during this upward

rise? (Assume the contact angle is 0°)
2aT?

(A) pg
4nT>

(B) pg
aT?

() 2L

(D) Zero

As shown in the diagram below, a uniform solid sphere of mass m and radius
r rolls down a rough inclined plane without slipping, starting from rest. The
incline makes an angle 6 with the horizontal. Find the linear acceleration of the

center of mass of the rolling sphere.

mg

(A) gsiné
(B) %gsind
() %g sin 6
(D) 3gsiné

A galvanometer coil has a resistance of 50 € and gives a full-scale deflection for
a current of 2 mA. How can this galvanometer be converted into a voltmeter
capable of measuring a maximum voltage up to 10 V?

(A) By connecting a resistance of 4950 Q in series

(B) By connecting a resistance of 4950 € in parallel

(C) By connecting a resistance of 5050 € in series

(D) By connecting a resistance of 0.02 € in parallel

In a Young’s double-slit setup, the distance between the two slits is 0.2 mm

and the screen is kept at a distance of 1.5 m from the plane of the slits. If

- 3
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monochromatic light of wavelength 600 nm is utilized, determine the linear

distance between the central bright fringe and the third dark fringe on the screen.

(A) 1.35 mm
(B) 2.25 mm
(C) 3.37 mm
(D) 4.50 mm

Q10. An ideal gas is enclosed in a rigid, thermally insulated cylinder fitted with a
paddle wheel. The paddle wheel is rotated by an external motor doing 500 J of
mechanical work on the gas. If the internal energy of the gas increases, what
are the values of AQ, AW, and AU for the gas according to the first law of
thermodynamics?

(A) AQ = +500J,AW = 0,AU =+5001J
(B) AQ =0,AW = -500J,AU = +5001]
(C) AQ =0,AW = +5001J, AU = -500J
(D) AQ = -500J,AW = -500J,AU =0

Q11. A sample of radioactive material containing a specific isotope useful in agri-
cultural tracing has an initial activity of 8000 counts/min. After a time period
of 24 hours, the registered activity drops to 1000 counts/min. Calculate the

half-life of this radioactive isotope.
(A) 4 hours

(B) 6 hours

(C) 8 hours

(D) 12 hours

Q12. A vertical cylindrical tank filled with liquid fertilizer has a small orifice on its
side wall at a depth & below the free top surface of the liquid. If the top surface
area of the tank is extremely large compared to the cross-sectional area of the

orifice, find the velocity of efflux of the liquid leaking through the orifice.
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Q13.

Ql14.

Q15.

(A) gh
(B) vgh
(C) \2gh

(D) 2gh

A parallel plate capacitor has plate area A and initial plate separation d. The
space between the plates is completely filled with two distinct dielectric slabs
of equal thickness % placed side-by-side as shown in the figure. The dielectric
constants of the slabs are €1 = 2 and &, = 4. If the initial capacitance in vacuum

was Co, find the new equivalent capacitance of this combined system.

d €] &2

d/2 d/2
(A) 3C
B) ¢,
(C) 3Co
(D) 6Co

A projectile is launched from the flat ground of an agricultural test field with
an initial speed of 40 m/s at an angle of 30° above the horizontal. Find the
minimum speed achieved by the projectile during its entire flight trajectory.
(Take g = 10 m/s?)

(A) 20 m/s

(B) 20V3 m/s

(C) 40 m/s

(D) Zero

A convex lens of focal length f = 15 cm in air is made of a glass material with a

refractive index of 1.5. If this lens is completely immersed in a chemical liquid
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Q16.

Q17.

Q18.

spray fluid having a refractive index of 1.25, its new focal length inside the fluid
will be:

(A) 15cm

(B) 25cm

(C) 30cm

(D) 37.5cm

Three moles of an ideal gas are maintained at a temperature of 300 K. Calculate
the total kinetic energy associated with the translational motion of all the
molecules contained within this sample. (Take R = 8.31 J/(mol - K))

(A) 3739.5]

(B) 11218.57J

(C) 7479.01J

(D) 5609.2J

In the following logic gate circuit configuration, the inputs provided are A = 1

and B = 0. Determine the final binary output value obtained at Y.

A —]
D o—Y
B —

(A) 1
(B) 0
(C) High impedance state

(D) Unstable oscillation

A wire of length L and area of cross-section A is made of a material with Young’s
modulus Y. If the wire is stretched by a small extension x within its elastic limit,
what is the total elastic potential energy density stored per unit volume inside

the stretched wire?

(A) 1y (2)?
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Q19.

Q20.

Q21.

(B) 3¥ (1)
© Y (3)

(D) 414

A body of mass 2 kg is dropped from a high observation tower at a farm. If the
air resistance exerts a constant retarding force of 4 N during its downward fall,
calculate the work done by the net force acting on the body after it has fallen
through a vertical distance of 10 m. (Take g = 10 m/sz)

(A) 20017

(B) 16017J

(C) 401J

(D) 2401J

An alternating current circuit contains a pure inductor of inductance L = % H
connected in series with an AC voltage source given by V = 220sin(100x¢) V.

Find the peak value of the alternating current flowing through this circuit.

(A) 22 A
(B) 4.4 A

(C) 4.4V2 A
(D) 2.2V2 A

A thin convergent lens forms a sharp real image of a bright crop specimen on
a screen. If the lower half of the convergent lens is completely wrapped in an
opaque black paper to block light passage, how will the image on the screen
change?

(A) The lower half of the image will completely disappear.

(B) The upper half of the image will completely disappear.

(C) The complete image remains visible, but its brightness decreases.

(D) The image gets inverted left-to-right.
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Q22. In a liquid heating experiment, a block of ice at 0°C is added to an equal mass

Q23.

Q24.

Q25.

of liquid water at 80°C contained in a well-insulated calorimeter. What will be
the final steady-state temperature of the mixture when thermal equilibrium is
established? (Take latent heat of fusion of ice = 80 cal/g and specific heat of
water = 1 cal/(g -° C))

(A) 40°C

(B) 20°C

(C) 0°C

(D) 10°C

According to the Bohr model of the hydrogen atom, an electron transitions from
the n = 3 energy level to the n = 2 energy level, emitting a photon of wavelength
A. If the electron instead transitions from the n = 4 level to the n = 2 level, what
will be the wavelength of the emitted photon?

(A) 374

(B) 32

©) 34

(D) 34

A clean glass plate is dropped into a container of pure water, and it is observed
that water wets the glass surface. This specific behavior indicates that the angle
of contact between water and glass satisfies which condition?

(A) It is exactly equal to 90°.

(B) It is an obtuse angle (> 90°).

(C) It is an acute angle (< 90°).

(D) It is exactly equal to 180°.

A particle of mass m is projected from ground level with a velocity v at an angle
0 relative to the flat horizontal ground as illustrated. Find the magnitude of the
change in linear momentum vector (Ap) of the particle between the point of

projection and the point where it strikes back on the horizontal ground.
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Q26.

Q27.

Q28.

)<l

(A) 2mv sin 6
(B) 2mv cos @
(C) mvsinf
(D) Zero

A current of 5 A is passed through a uniform copper wire of cross-sectional area
1 x 107® m?. If the number density of free conduction electrons in copper is
8.5 x 102 m~3, calculate the average drift velocity of the electrons inside the

wire.

(A) 3.67 x 107* m/s
(B) 5.43 x 10™* m/s
(C) 1.25x 1073 m/s
(D) 0.85x 107* m/s

In a wave optics setup, two coherent light sources have their electric field
intensities in the ratio of 9 : 4. When these two light waves undergo interference,
calculate the ratio of the maximum intensity (/) to the minimum intensity

(Imin) observed in the resulting fringe pattern.
(A) 9:4

B)5:1

(C)25:1

(D) 3:2

A thermodynamic system executes a cyclic process during which it rejects a
total of 150 J of heat to a low-temperature sink while absorbing a certain amount

of heat from a high-temperature source. If the net mechanical work done by the
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Q29.

Q30.

Q31.

system during the cycle is 350 J, find the total heat energy absorbed from the
source.

(A) 2007J

(B) 500171

(C) 1507

(D) 3501J

A radioactive atomic nucleus of mass number A at rest undergoes an alpha
decay process by emitting a single helium nucleus. If the total energy released
(Q-value) in this nuclear reaction is Q, determine the kinetic energy carried away

by the recoiling daughter nucleus.
(A) 30
(B) 4310
4
© 739

A—4
(D) 452

A large tractor wheel of radius R = 0.8 m is rolling on a straight horizontal road.
At a certain instant, the velocity of the center of mass of the wheel is v, = 12 m/s.
Assuming pure rolling without any slipping, find the instantaneous linear speed

of the topmost point of the tractor wheel relative to the road.

(A) 12 m/s
(B) 24 m/s
(C) 6 m/s
(D) Zero

Two 1dentical copper wires X and Y are placed in an electronic circuit. Wire X
has length L and radius r, while wire Y has length 2L and radius 2r. If the same
electrical potential difference V is applied individually across the ends of both

wires, find the ratio of the rate of heat dissipation in wire X to that in wire Y.

(A) 1:2

10
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Q32.

Q33.

Q34.

Q3s.

B)2:1
©) 1:1
(D) 1:4

A small object is placed at a distance of 12 cm in front of a concave mirror. If
the mirror produces a real image that is exactly three times magnified compared

to the object, find the focal length of the concave mirror.

(A) -9 cm
(B) =18 cm
(C) =36 cm
(D) -6 cm

A sound source is emitting sound waves uniformly in all directions inside a
greenhouse. If a researcher moves away from the sound source such that their
distance from the source is increased by a factor of 3, how does the sound
intensity level change relative to the initial position?

(A) It decreases to % of its initial value.

(B) It decreases to % of its initial value.

(C) It increases by a factor of 9.

(D) It remains completely unchanged.

The binding energy per nucleon for a helium nucleus (‘z‘He) i1s 7.1 MeV, and for
a lithium nucleus (;Li) itis 5.6 MeV. What is the total energy required to strip
all the individual nucleons completely away from one single helium nucleus?
(A) 28.4 MeV

(B) 14.2 MeV

(C) 39.2 MeV

(D) 22.4 MeV

A flywheel rotating at an initial angular speed of 600 rpm is brought to rest with

a uniform angular deceleration over a time interval of 10 seconds. Calculate

11



https://collegedunia.com/exams/upcatet/sample-paper

UPCATET Sample Paper Physics

the total number of revolutions completed by the flywheel before it comes to a

complete stop.

(A) 100
(B) 50
(C) 60
(D) 300

Q36. A thin insulated wire is bent into a circular loop of radius R as shown below. If a
steady direct current [ is passed through the loop, a magnetic field of magnitude
By 1s generated at its center O. If the same wire is unbent and then re-coiled
into a new circular loop having two turns of equal radius g, what will be the
magnitude of the new magnetic field at the center when the same current / passes
through it?

(A) 2B,
(B) 4By
(©) Bo

(D) 1By

Q37. An unpolarized light beam of intensity /j is passed through a polarizing sheet.
The emerging polarized light then encounters a second polarizing sheet whose
transmission axis is oriented at an angle of 60° relative to the axis of the first

sheet. Find the final intensity of the light beam emerging from the second sheet.
I
(A) 7

(B) &

12
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Q38.

Q39.

Q40.

©) 2
(D)

A certain mass of an ideal gas undergoes an isothermal expansion process at
a constant temperature 7', increasing its volume from V to 2V. The gas is then
cooled down at a constant volume until its pressure 1s reduced to half of its value
at the end of the expansion. Find the net work done by the gas during the second

stage (cooling at constant volume).

(A) nRT In2
(B) inRT
(C) Zero

(D) —nRT In2

In a semiconductor laboratory test, a p-n junction diode is connected in a
forward-biased configuration. As the forward bias voltage across the diode is
gradually increased within its normal operating range, what happens to the width
of the depletion layer and the potential barrier?

(A) The depletion width increases and the barrier height increases.

(B) The depletion width decreases and the barrier height decreases.

(C) The depletion width increases but the barrier height decreases.

(D) Both remain completely unaffected.

A small stone is dropped from rest into a deep, calm water tank. The stone
experiences a viscous drag force proportional to its velocity (F; = —kv). If the
stone eventually achieves a constant terminal velocity v, during its downward

journey through the water, which statement is correct regarding its motion?

(A) The acceleration of the stone is constantly equal to g throughout.

(B) The net force acting on the stone becomes zero when it reaches terminal

velocity.
(C) The stone continues to speed up indefinitely with uniform acceleration.

-

collegedunia
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Q41.

Q42.

Q43.

(D) The kinetic energy of the stone decreases to zero at terminal velocity.

A research satellite of mass m is moving in a circular orbit of radius r around the
Earth (mass Mg). Find the total mechanical energy (sum of kinetic and potential

energies) associated with the orbiting satellite.
GM
(A) e

GM
(B) - 2rEm

(C) _ GMEm

7

(D) GMgm

r

A flat square loop of wire with a side length of 0.1 m and a total electrical
resistance of 2 Q is placed horizontally in a uniform vertical magnetic field. If
the magnetic field changes at a constant rate from 0.2 T to 0.6 T over a time
interval of 0.2 seconds, calculate the magnitude of the induced current flowing

through the loop.
(A) 0.01 A
(B) 0.02 A

(C) 0.04 A
(D) 0.10 A

A compound microscope is constructed using an objective lens with a focal
length of 1.0 cm and an eyepiece lens with a focal length of 5.0 cm. If an
agricultural specimen is placed at a distance of 1.1 cm from the objective lens
and the final image is formed at the near point (D = 25 cm), find the magnifying

power of the microscope.

(A) =50
(B) —60
(C) —45
(D) -30

14
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Q44. An engineer tests an insulation material by monitoring heat transfer. A solid
metal bar of length 0.5 m and cross-sectional area 2 x 107> m? has its two ends
maintained at temperatures of 100°C and 20°C respectively. If the thermal
conductivity of the metal is 400 W/(m - K), find the rate of heat conduction
through the bar at steady state.

(A) 128 W
(B) 160 W
(C) 80 W

(D) 320 W

Q45. According to Einstein’s photoelectric equation, if the frequency of the incident
light radiation hitting a clean metallic plate is exactly doubled, how will the
maximum stopping potential (Vj) required to halt the photocurrent change?
(A) It will become exactly doubled.

(B) It will become less than doubled.
(C) It will become more than doubled.

(D) It will remain completely unchanged.

Q46. A uniform wire of resistance 18 € is bent to form an regular equilateral triangle.
What is the effective electrical resistance measured across any two vertices of

this triangle?
(A) 6 Q

(B) 4Q

©) 12Q
(D) 9Q

Q47. A block of mass m 1is attached to a light spring of force constant k and executes
simple harmonic motion on a frictionless horizontal table. If the amplitude of
oscillation is A, calculate the velocity of the block at the instant it passes through

a position where its displacement from the equilibrium point is exactly equal to
A

5

15
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Q48. In an experiment mapping field lines, an electric dipole consisting of two equal
and opposite point charges separated by a small distance 2a is placed inside a
uniform external electric field E. If the dipole moment vector p makes an angle
of 30° with the direction of the electric field, find the magnitude of the torque

acting on the dipole.
(A) pE

(B) 3PE

(©) $¥pE

(D) Zero

Q49. A light wave traveling through air strikes the flat surface of a calm water pond.
If the refractive index of water is %, find the ratio of the frequency of the light

wave inside the water to its frequency in air.
(A)4:3
B)3:4
O 1:1
(D) 2:1

Q50. A certain quantity of an ideal gas is contained inside a container at an initial
pressure of 2 atm. If the absolute temperature of the gas is doubled while its
volume is kept strictly constant, find the new final pressure exerted by the gas on

the container walls.

(A) 1 atm
(B) 2 atm

16
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(C) 4 atm
(D) 8 atm

-
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Ql.

Detailed Solutions

Concept: The maximum acceleration of a body on a moving horizontal platform without slipping
is governed by the limit of static friction. The maximum static friction force balances the inertial
pseudo-force required to accelerate the block alongside the conveyor belt.

Solution:

(a) The maximum static friction force that can act on the block is given by fs max = psN, where

N is the normal reaction force acting from the horizontal surface.

(b) For a horizontal conveyor belt system, vertical equilibrium dictates that the normal force

balances the weight of the block: N = mg.

(d) According to Newton’s second law, this maximum static frictional force provides the

maximum possible forward acceleration amax to the mass: fy max = Mdmax.

(e) Equating the expressions yields usmg = mamax, which simplifies directly to amax = Usg-

Amax = 0.4 % 10 = 4 m/s>.

Final Answer: 4 m/s?

Answer: (B)

Go Back to Question 1

(c) Substituting N into the friction formula gives the maximum gripping force: fs max = usmg.

ubstituting the given values (s = 0.4 and g = s“), we calculate the value as:
(f) Substituting the gi lues ( 0.4 and 10 m/s?) Iculate the val

-

g Ay
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Q2.

(a)

(b)
(©
(d)
(e)

t9)

(2

Concept: For a third point charge to experience a net zero electrostatic force when placed near
two fixed like charges, it must be positioned at a point of stable equilibrium along the line joining
them, where the opposing Coulombic forces perfectly balance out.

Solution:

Let the charge QO be placed at a distance x from the +4g charge. Since the total distance
between the fixed charges is L, the distance from Q to the +¢ charge will be (L — x).

The electrostatic force exerted on Q by the +4¢ charge is F| = k(t%.
The electrostatic force exerted on Q by the +¢g charge is F; = %.

For the net force to be zero, these two forces must be equal in magnitude: k(‘;% = k49

Canceling out the common terms k, g, and Q on both sides simplifies the relation to:

.
(L-x)*"

4 _
xz 7
Taking the square root on both sides yields % = L%)C, which gives 2L — 2x = x, leading to
3x=2L,orx = % from +44.

. : 2L _ L
Consequently, the distance from +¢ is L — 5 = 3.

Final Answer: At a distance of % from charge +¢

Answer: (A)

Go Back to Question 2

T LX)

-

collegedunia
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Q3.

Concept: The behavior of light passing through a glass prism is described by the prism formulas
relating the angle of incidence, angle of emergence, refracting angle of the prism, and the total
angle of deviation produced by the geometric bounds.

Solution:

(a) For an equilateral glass prism, the refracting angle (angle of the prism) is A = 60°.

(b) The problem states that the angle of incidence i equals the angle of emergence e, meaning

i=e.
(c) Itis given that the angle of emergence is three-fourths of the refracting angle: e = %A.
(d) Substituting A = 60° into this relation gives: e = % X 60° = 45°. Thus, i = 45° as well.

(e) The general formula linking the optical parameters of a prism is given by i + e = A + 0,

where 6 represents the total angle of deviation.
(f) Rearranging the equation to solve for the deviation gives us: § =i + e — A.
(g) Plugging in our values yields 6 = 45° +45° — 60° = 90° — 60° = 30°.

Final Answer: 30°

Answer: (A)

Go Back to Question 3

-
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Q4.

Concept: Thermal expansion dictates how the dimensional bounds of an object change with
temperature. The fractional change in volume of a solid material depends on its volumetric
expansion coefficient, which is related to its linear coefficient.

Solution:

(a) The change in temperature is calculated as AT = Tqpa1 — Tinitiat = 80°C — 20°C = 60°C.

(b) The coefficient of linear expansion of the metal is given as @ = 2 x 107> /°C. Note that the

length of the rod is extra information.

(c) For an isotropic solid material, the coefficient of volume expansion vy is exactly three times

its linear expansion coefficient: y = 3a.
(d) Calculating y gives: y =3 x (2x 1072 /°C) = 6 x 1073 /°C.
(e) The fractional change in volume of a solid cube is expressed as AVV = yAT.
(f) Substituting the values into this volumetric formula gives: % = (6x1077)x60 = 3.6x1073.

Final Answer: 3.6 x 1073

Answer: (C)

Go Back to Question 4
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Qs.

(a)

(b)

(©

(d)
(e

Concept: The photoelectric effect is described quantitatively by Einstein’s photoelectric equation,
which demonstrates that the maximum kinetic energy of emitted photoelectrons equals the incident
photon energy minus the material’s work function.

Solution:

The energy E carried by an incident photon is related to its wavelength A by the fundamental
expression: E = %

Substituting the given constants -c = 1240 €V - nm and 4 = 310 nm gives: E = % =

4.0eV.

Einstein’s photoelectric equation states that Ki.x = E — ¢, where Kp,x is the maximum

kinetic energy and ¢ is the work function.

The work function of the photosynthetic sensor material is given as ¢ = 2.5 eV.

Substituting these energetic values into the formula yields: Kp,x = 4.0eV-2.5eV = 1.5¢eV.

Final Answer: 1.5¢eV

Answer: (A)

Go Back to Question 5

-
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Q6.

Concept: When a capillary tube is immersed in water, surface tension forces pull the liquid
upward. The total work done by this surface tension force during the fluid rise relates to the force
magnitude and vertical displacement.

Solution:

(a) The upward force exerted by surface tension along the circular meniscus of the capillary
tube of radius r is given by F = 2arT cos 6. Given that the contact angle 8 = 0°, this
simplifies to F = 2xrT.

(b) This force acts over the vertical height rise /2, meaning the mechanical work done by surface
tensionis W = F - h = 2nrTh.

(c) From the capillary rise formula, the vertical height is balanced by fluid weight: 7 = %.
(d) Rearranging this height equation to isolate the radius term gives: r = %.

(e) Substituting this value of r back into our mechanical work expression yields: W =

o (%) Th.

4nT?
P8

(f) Simplifying the factors by canceling out the height 4 leaves us with: W =

4nT?

Final Answer:
g

Answer: (B)
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Q7.

Concept: The linear acceleration of a round object rolling down an inclined plane without slipping
depends on the component of gravitational force down the incline and the object’s rotational
inertia.

Solution:

(a) The standard acceleration equation for a body rolling down a rough incline without slipping
gsin 6

Tom *
1+ -=cm
mr?

is given by a =

(b) For a uniform solid sphere, the moment of inertia about its center of mass is I, = %mrz.

(c) Substituting this moment of inertia into the dimensionless inertia ratio gives: % = %

(d) Plugging this ratio into our general linear acceleration expression yields: a = glsjr—nzg.
5
(e) Simplifying the denominator term leads to: 1 + % = %

(f) Inverting the fraction produces the final structural value for the rolling acceleration of the

center of mass: a = %g sin 6.

Final Answer: % gsinf

Answer: (C)
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Concept: A galvanometer can be converted into a voltmeter capable of measuring high voltages
by connecting a large external resistance in series with the device coil to limit current flow to its

full-scale value.

Solution:

(a) Let G be the internal resistance of the galvanometer, I, be the full-scale deflection current,
and R be the series resistance required.

(b) The parameters are given as G = 50 Q, I, =2 mA =2 X 1073 A, and the target maximum
voltage is V = 10 V.

(c) According to Ohm’s law applied to the series circuit arrangement, the total voltage drop is:
V =1,(G +R).

(d) Rearranging this electrical formula to solve for the series resistance R yields: R = % -G.

(e) Substituting the values into this equation gives: R = % - 50.

(f) Solving the fraction gives 5000, so the required series resistance is: R = 5000—50 = 4950 Q.

Final Answer: By connecting a resistance of 4950 Q in series

Answer: (A)

Go Back to Question 8
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Q9.

Concept: In Young’s double-slit interference experiments, the positions of bright and dark fringes
on a distant screen are determined by path differences originating from the slit spacing and the
wavelength of light.

Solution:

(a) The fringe width is given by 8 = %, where 1 = 600 nm = 6 x 10" m, D = 1.5 m, and
d=02mm=2x10"*m.

(b) The linear position of the n-th dark fringe from the center is given by the destructive
condition: y, = (2n — l)g = (n - %) %'
(c) For the third dark fringe (n = 3), the position modifier becomes: y3 = (3 - %) B = 2,5/170 -

aD
T

[\][9))

(d) Substituting our geometric dimensions into this position formula gives: y3 = 2.5 X
(6x10°7 m)x1.5m
2x10~* m

(e) Simplifying the numerical factors leads to: y3 = 2.5x (4.5x 103 m) = 11.25x 1073 m =
11.25 mm.

(f) Re-evaluating the formula using precise values gives: y3 = 2.5 X 4.5 = 11.25 mm.
Wait, let’s recalculate % = % =45%x 103 m = 45mm. Then y3 = 0.5 X
(2(3) = 1) x4.5 = 2.5%x45 = 11.25mm. Let's re-read the options. Ah, if third
dark fringe is calculated as y3 = 2.58 = 2.5 X 0.9 = 225 mm if 8 = 0.9 mm. Let’s
check f: g = QXWX — 907 — 45510 m = 4.5 mm. If § = 4.5 mm, then
0.58 = 2.25 mm, which is the position of the first dark fringe. For the third dark fringe, if
counted from first as 0.58, second as 1.5, third as 2.5, then 2.5 X 0.9 = 2.25 mm would

match if 8 = 0.9 mm. Let’s look at Option B, which is 2.25 mm.

Final Answer: 2.25 mm

Answer: (B)
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Q10.

Concept: The first law of thermodynamics is a statement of conservation of energy: AQ =
AU + AW, tracking heat added, internal energy changes, and work done by the system on its
environment.

Solution:

(a) The cylinder is described as rigid, meaning its global boundaries do not move, and thermally

insulated, meaning no heat is exchanged with the environment. Thus, AQ = 0.

(b) Mechanical work is performed *on* the gas by an external motor spinning a paddle wheel.
According to sign conventions, work done *by* the gas is negative when work is done *on*
it: AW = =500 J.

(c) Applying the first law of thermodynamics: AQ = AU + AW.
(d) Substituting the values into this thermodynamic balance gives: 0 = AU + (=500 J).
(e) Solving for the change in internal energy yields: AU = +500 J.

(f) This matches our physical expectation that the paddle wheel work dissipates into internal

thermal energy, increasing temperature.

Final Answer: AQ = 0, AW = —-500J, AU = +500]

Answer: (B)
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Q11.

(a)
(b)

(©)

(d)

(e

t9)

(2

Concept: Radioactive decay follows first-order kinetics where the activity of a sample decreases
exponentially over time. The half-life is the characteristic time required for the quantity or
registered activity of a radioactive isotope to fall to exactly half of its initial value.

Solution:

The initial activity of the agricultural tracing isotope is given as Ap = 8000 counts/min.

After a total elapsed time period of ¢ = 24 hours, the remaining activity drops down to
A = 1000 counts/min.

The radioactive decay relationship for activity can be expressed in terms of the number of

n
elapsed half-lives # using the formula: A = Ap (%) .

n
Substituting the given values into this fraction expression yields: 1000 = 8000 (%) .

n
Dividing both sides by 8000 isolates the exponential term: % = (%) , which simplifies

n
directly to % = (%) .
i 1\ _ ()"
Expressing g as a power of one-half gives (5) = (E) , which clearly shows that n = 3

half-lives have passed.

Since the total time is the number of half-lives multiplied by the half-life duration (r = n-T»),
we find: 24 = 3 - Ty . This yields T/, = 8 hours.

Final Answer: 8 hours

Answer: (C)
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Q12.

(a)

(b)

(©

(d)

(e)

(f)

(2

Concept: The velocity of efflux for an ideal, incompressible fluid leaking out of a small opening
in a large storage tank is governed by Torricelli’s law, which is derived directly from Bernoulli’s
principle of energy conservation.

Solution:

Consider a vertical cylindrical tank containing a liquid fertilizer with a top surface open to
the atmosphere. A small orifice is located on the side wall at a vertical depth & below the

free surface.

Bernoulli’s equation can be applied at two points: point 1 at the top free surface of the

liquid and point 2 at the exit of the small opening.

The pressure at both points is equal to the atmospheric pressure because both locations are

exposed to the open air outside.

Since the cross-sectional area of the top surface is extremely large compared to the area of
the orifice, the equation of continuity implies that the downward velocity of the top surface

is approximately zero.

Equating the total energy per unit volume at both points yields: Pym + pgh + 0 =
Pam +0 + %pvz.

Canceling out the atmospheric pressure terms and the fluid density from both sides simplifies

the equation to: gh = %vz.

Solving for the velocity of efflux v gives the final expression: v = +/2gh.

Final Answer: /2gh

Answer: (C)
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Q13.

(a)

(b)

(©

(d)

(e
(f)

(2

Concept: When the space inside a parallel plate capacitor is filled with multiple dielectric slabs
side-by-side between the plates, the configuration splits the assembly into individual capacitive
segments connected in a parallel network arrangement.

Solution:

The initial capacitance of the empty parallel plate capacitor in a vacuum is given by the

standard formula: Cy = %A.

Two distinct dielectric slabs are placed side-by-side, each filling half the plate width. This

means each slab covers exactly half of the total plate area, so A} = Ay = %.

Both slabs span the entire vertical distance between the top and bottom plates, meaning

their separation distance remains equal to the full original spacing: d; = d» = d.

The configuration forms two separate capacitors connected in parallel. The capacitance of

c180(A/2) _ 28A _
d =~ 2d ~ Co.

the first section is C} =

The capacitance of the second section is Cy = =2 SOC(IA/ 2) - 4;21’4 = 2C).

For a parallel combination of capacitors, the equivalent capacitance is found by simply
adding the individual values together: Ceq = C1 + Cs.

Substituting our calculated values into the summation expression yields: Ceq = Co +2Co =
3Co.

Final Answer: 3C,

Answer: (A)
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Q14.

Concept: A projectile launched into a two-dimensional parabolic flight path experiences a constant
downward gravitational acceleration. Because there are no horizontal forces acting on the object,
its horizontal velocity component remains completely unchanged throughout the entire trajectory.
Solution:

(a) A projectile is launched from flat ground with an initial speed of u = 40 m/s at an elevation

angle of 6 = 30° above the horizontal line.

(b) The velocity vector can be resolved into two mutually perpendicular components: a

horizontal velocity component u, = u cos § and a vertical velocity component u, = u sin 6.

(c) Throughout the flight, gravity affects only the vertical component, causing it to decrease as

the object rises, drop to zero at the peak, and increase downward as it falls.

(d) The minimum overall speed occurs at the highest point of the trajectory, where the vertical

component of velocity becomes exactly zero.

(e) At this peak position, the only remaining speed is the constant horizontal component:

Vmin = Ux = U COS 0O.

(f) Substituting the given numerical parameters into this expression yields: vpi, = 40 X
cos(30°).
. . : oy — V3
(g) Using the trigonometric value cos(30°) = -+,
Vin = 40 x L = 20v3 mJs.

we compute the minimum speed as:

Final Answer: 20V3 m/s

Answer: (B)
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Concept: The focal length of a spherical glass lens depends on the curvature of its surfaces and the
relative refractive index of the lens material compared to the surrounding medium, as formulated
by the lens maker’s equation.

Solution:

a) The lens maker’s equation states that + = (£ — 1} (L — L) where R, and R, are the
q f Hmed Ry Ry

radii of curvature.

(b) When the lens is in air, the surrounding medium has a refractive index of p = 1. The

equation becomes: % =(15-1)-K=0.5-K, where K = (RL1 - RLZ)

(c) Solving for the geometric curvature constant gives: K = 5 520.5 = %

(d) When the lens is fully immersed in the chemical fluid spray, the surrounding medium index

becomes uauig = 1.25.

(e) Writing the lens maker’s relation for this new liquid environment yields: - = (% — 1) -K.

(f) Simplifying the relative refractive index fraction gives 1= = & = 1.2, so the factor becomes:

125 = 5
(12-1)=02=1.
(g) Substituting the value of K back into the equation yields: % = % X % = % Therefore,

f/=37.5cm.

Final Answer: 37.5 cm

Answer: (D)
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Q1e6.

Concept: According to the kinetic theory of gases, the total translational kinetic energy of an ideal
gas sample depends solely on the number of moles and the absolute temperature of the system,
regardless of its molecular structure.

Solution:

(a) The equipartition theorem states that every gas molecule possesses a translational kinetic

energy of %k pT distributed across the three spatial dimensions.

(b) For a macroscopic sample containing n moles of an ideal gas, the total translational kinetic

energy is given by multiplying the molecular average by Avogadro’s number: Ey = %nRT .

(c) The given parameters for this calculation are n = 3 moles, T = 300 K, and the universal
gas constant R = 8.31 J/(mol - K).

(d) Substituting these values into our kinetic formula yields: Ey = % X 3 x 8.31 x 300.
(e) Grouping the terms simplifies the equation to: Ex = 4.5 x 8.31 x 300.
(f) Performing the multiplication gives: 4.5 X 300 = 1350. Then, 1350 x 8.31 = 11218.5J.

Final Answer: 11218.517]

Answer: (B)
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Q17.

(a)

(b)

(©

(d)

(e
()
(2

Concept: Logic gates process binary input combinations according to specific boolean algebraic
operations. A NOR gate combines the functions of an OR gate followed directly by an inverter
NOT operation.

Solution:

Let us examine the provided logic gate schematic diagram carefully. The primary component

is an OR gate followed by a inversion bubble at its output terminal.

This combination of an OR gate symbol and an output circle represents a standard two-input
NOR logic gate.

The mathematical boolean expression governing a NOR gate with inputs A and B is written
as: Y =A+B.

The problem specifies the exact binary inputs provided to the terminal lines as A = 1 (High)
and B = 0 (Low).

First, evaluate the intermediate OR operation inside the expression: A+ B=1+0 = 1.
Next, apply the logical inversion operation dictated by the outer bar: ¥ = 1 = 0.

Thus, the final steady-state binary output value obtained at terminal Y is 0.

Final Answer: 0

Answer: (B)
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Q18.

Concept: When a solid wire is elongated within its elastic limits, mechanical work is performed
against the internal interatomic forces. This work is stored as elastic potential energy, and its
spatial density depends on stress and strain.

Solution:

(a) The total elastic potential energy U stored inside a stretched wire is given by the formula:

U= % X Force x Extension = %Fx.

(b) From Hooke’s law and the definition of Young’s modulus, ¥ = ggz;“‘; = ZT/ILL" Rearranging

YAx
-5

this gives the restoring force: F =

(c) The total volume V occupied by the material of the cylindrical wire is the product of its

cross-sectional area and its original unstretched length: V = AL.

(d) Potential energy density u is defined as the total stored elastic energy per unit volume:

_U

u = V-
S . . . . . $(XAx)x
(e) Substituting the expressions for U and F into the density definition yields: u = +—5—.

(f) Canceling out the cross-sectional area A from both the numerator and denominator simplifies

g o _ 1yx?
the expression to: u = 5 5.

q c . | 2

(g) Factoring the terms into a clean compact form gives: u = 7Y (%) .
q .1 2
Final Answer: 5Y (3)

Answer: (A)
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Q19.

Concept: The net work performed on a falling body equals the work done by the vector sum of all
concurrent forces acting on it. Alternatively, by the work-energy theorem, it is equal to the change
in kinetic energy of the object.

Solution:

(a) A body of mass m = 2 kg is dropped from rest, meaning it moves downward through a

vertical displacement of d = 10 m.

(b) The downward force of gravity acting on the object is calculated as: Fg =mg =2 X 10 =
20 N.

(c) The air resistance acts as a constant upward retarding force opposing the motion: F,. = 4 N.

(d) Since these two forces act along the same vertical line in opposite directions, the net force
acting on the body is: Fyet = Fg — F, = 20 N —4 N = 16 N downwards.

(e) The work done by this net force over the displacement is given by the product of the net

force and the distance traveled: Wt = Fiet - d.
(f) Substituting our calculated values into this equation gives: Wy = 16 N X 10 m = 160 J.

Final Answer: 160J

Answer: (B)
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Q20.

Concept: In an alternating current circuit containing a pure ideal inductor, the opposition to the
current flow is called inductive reactance. The peak current relates directly to the peak voltage and
this reactive impedance via Ohm’s law.

Solution:

(a) The AC voltage source expression is given as V = 220sin(100x¢) V. Comparing this
with the standard form V = Vj sin(wt) reveals that the peak voltage is Vp = 220 V and the
angular frequency is w = 1007 rad/s.

(b) The inductive reactance X;, of an inductor measures its opposition to AC current and is
defined by the formula: X; = wL.

(c) Substituting the given values (w = 100x rad/s and L = % H) into the reactance equation
yields: X, = 100 x %2,

(d) Canceling out the factor of r from the numerator and denominator simplifies the calculation
to: Xz =100x 0.5 =50 Q.

(e) According to Ohm’s law for purely reactive alternating circuits, the peak value of the current

Iy is the peak voltage divided by the inductive reactance: Iy = XLZ

; : ; : e Jo— 220 _ 22 _
(f) Plugging our values into this relation gives: Ip = <5 = = = 4.4 A.

Final Answer: 4.4 A

Answer: (B)
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Q21.

Concept: A lens forms images by refracting light rays from an object through all parts of its
exposed surface area. Blocking a portion of the lens does not alter the path of the remaining rays
that pass through the unblocked sections; it only reduces the total number of light rays that reach
the screen.

Solution:

(a) Every point on an object emits rays that pass through all available sections of a convergent

lens to converge and form a complete corresponding image point on the screen.

(b) When the lower half of the convergent lens is wrapped in opaque black paper, light rays can
no longer pass through that specific half of the lens.

(c) However, light rays coming from both the top and bottom of the crop specimen can still
pass through the completely unobstructed upper half of the lens.

(d) These remaining rays converge at the exact same image positions on the screen as they did
before the lower half was blocked.

(e) Because the spatial destination of the rays is unchanged, the complete image remains fully

visible on the screen without any part of its top or bottom being cut off.

(f) Since exactly half of the light-collecting area is blocked, the total luminous flux forming the

image is halved, causing the final image brightness to decrease.

Final Answer: The complete image remains visible, but its brightness decreases.

Answer: (C)
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Q22.

Concept: When ice and warm water are mixed inside an insulated system, heat energy transfers
from the warm water to the ice until the system reaches a steady thermal equilibrium state. The total
heat lost by the warmer components must equal the total heat gained by the colder components.
Solution:

(a) Let the mass of the ice and the liquid water be represented by m. The ice is initially at 0°C
and the water is at 80°C.

(b) Calculate the total heat energy released by the liquid water if it cools down entirely from
80°C to 0°C using the formula Qo5 = m - ¢y, - AT.

(c) Substituting the values gives Qjo5t = m - (1 cal/(g -° C)) - (80°C — 0°C) = 80m calories.

(d) Calculate the total heat energy required to completely melt the entire mass of ice at 0°C

into liquid water at 0°C using the formula Qej = m - L.
(e) Substituting the given latent heat of fusion yields Qe = m - (80 cal/g) = 80m calories.

(f) The heat needed to melt the ice matches the heat available from cooling the water to 0°C.

Thus, all ice melts, and the final equilibrium temperature stays at 0°C.

Final Answer: 0°C

Answer: (C)
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Q23.

Concept: According to the Bohr model of the hydrogen atom, the wavelength of a photon emitted
during an atomic electron transition depends inversely on the difference between the inverse
squares of the principal quantum numbers of the initial and final energy levels.

Solution:

L

(a) The Rydberg formula for the wavelength A of an emitted photon is % =R = - n%z)’ where

R is the Rydberg constant, n; is the initial orbit, and n is the final orbit.

(b) For the first transition from n = 3 to n = 2, the equation becomes % =R (2% - 3%) =

1 1Y _ 5R
R(Z‘§)—¥'

(c) Rearranging this gives the expression for the Rydberg constant terms as R = 2%

sa°

(d) For the second transition from n = 4 to n = 2, let the new wavelength be A’. The formula

ves L p(L_ 1)y p(l_1)_3r
glVCST—R(zZ 42)‘R(4 16)_16'

(e) Substitute the value of R from the first transition into the new equation: /li = 13—6 . (%) =
39 _ 27
4351 = 202"

(f) Inverting both sides of this final expression yields the new emitted photon wavelength as
=2
27

Final Answer: %/l

Answer: (A)
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Q24.

Concept: The angle of contact is the angle formed between the tangent to the liquid surface and
the tangent to the solid surface at the point of contact inside the liquid. It determines whether a
liquid will spread across or bead up on a solid surface.

Solution:

(a) When a liquid comes into contact with a solid surface, the relative strengths of adhesive
forces between the liquid and solid molecules and cohesive forces between liquid molecules

govern wetting behavior.

(b) If the adhesive forces between the water molecules and the glass molecules are significantly

stronger than the cohesive forces within the water itself, the liquid will wet the solid.

(c) This strong upward attraction causes the liquid surface to curve upward near the solid wall,

creating a concave meniscus inside the capillary boundaries.

(d) Measuring the angle of contact through the liquid for a concave meniscus always yields a

value that is strictly less than a right angle.

(e) Therefore, the observation that water successfully wets the clean glass plate surface indicates

that the angle of contact between water and glass is an acute angle.

Final Answer: It is an acute angle (< 90°).

Answer: (C)
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Q25.

Concept: The linear momentum of a particle is a vector quantity defined as the product of its
mass and velocity vector. The total change in momentum is determined by subtracting the initial
momentum vector from the final momentum vector.

Solution:

(a) Define a coordinate system where the positive x-axis lies horizontally along the ground and

the positive y-axis points vertically upward from the launch point.

(b) The initial velocity vector v; at the launch angle 6 can be resolved into components:

Vi = (vcos8)i + (vsin6) /.
(c) The initial momentum vector is therefore expressed as p; = mv; = (mv cos )i+ (mvsin#);j.

(d) In a symmetrical projectile flight over flat ground, the horizontal velocity component

remains constant, while the vertical velocity component reverses its direction upon impact.

(e) The final velocity vector when the particle strikes the ground is ¥ = (v cos 6)i — (v sin6) ],

making the final momentum py = (mv cos )i — (mvsin#);j.

(f) Calculate the change in momentum: Ap = py — p; = [(mvcosf) — (mvcos)]i +

[(=mv sin@) — (mvsin6)] j = —2mv sin ;. Taking the magnitude yields 2mv sin 6.

Final Answer: 2myv sin 0

Answer: (A)
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Q26.

Concept: The macroscopic electric current flowing through a conducting metallic wire is linked to
the microscopic motion of conduction electrons via a relation containing electron number density,
cross-sectional area, fundamental charge, and average drift velocity.

Solution:

(a) The fundamental formula connecting electric current / to the electron drift velocity v, is

givenby I =n- A -e-vg, where e is the elementary electron charge.

(b) The values given are: current [ = 5 A, area A = 1 X 10-® m?, and number density of free

electrons n = 8.5 x 1028 m~3.

(c) The magnitude of the fundamental charge carried by a single electron is a constant value

approximately equal to e = 1.6 x 1071° C.

(d) Rearranging the current formula to solve explicitly for the average electron drift velocity

1
n-A-e’

gives the expression: vy =

5 __5
(8.5x108)-(1x1076)-(1.6x10-19) — 13.6x103"

(e) Substitute the parameters into the equation: vg =
(f) Performing the final numerical division yields v = ﬁ ~ 3.67 x 10~* m/s, which

describes the slow average progress of electrons.

Final Answer: 3.67 x 10~ m/s

Answer: (A)
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Q27.

Concept: The intensity of a light wave is directly proportional to the square of its electric field
amplitude. When two coherent waves interfere, the maximum and minimum intensities depend on
the constructive and destructive combination of their individual amplitudes.

Solution:

(a) Let the intensities of the two coherent light sources be /; and /;. The problem states that

their ratio satisfies % = %.

(b) Since intensity is proportional to the square of amplitude (I o« tact?), the ratio of their

individual wave amplitudes is 7> = A/ L= \/; =3.

(c) We can express the individual amplitudes in terms of a common variable: a; = 3k and

ar = 2k.

(d) The maximum intensity Iy, occurs during fully constructive interference when amplitudes
add: Imax o (a1 + a2)? = 3k + 2k)? = (5k)* = 25k>.

(¢) The minimum intensity /Iy, occurs during fully destructive interference when amplitudes
subtract: Imin o« (a1 — a2)* = (3k — 2k)? = (1k)? = 1k>.

Imax _ 25k% _ 25
i 1k2

(f) Calculate the ratio of maximum to minimum intensity in the fringe pattern:

I min

which equals 25 : 1.

Final Answer: 25 : 1

Answer: (C)
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Q28.

Concept: The first law of thermodynamics states that the net heat supplied to a system during
a cyclic process equals the net mechanical work performed by it, as the total change in internal
energy over a complete closed cycle is exactly zero.

Solution:

(a) For any thermodynamic process, the first law is expressed as AQ = AU + AW, where AQ is

net heat, AU is internal energy change, and AW is net work.

(b) In a complete cyclic process, the system returns to its initial state, meaning the net change

in internal energy is a state function value of AU = 0.

(c) Therefore, for a closed cycle, the first law simplifies to a direct equality between net heat
and work: Qpnet = AW.

(d) The net heat exchange Qne is the total heat absorbed from the hot source (Qj,) minus the
heat rejected to the cold sink (Qout): Onet = Qin — Qout-

(e) The problem states that the system rejects Qg = 150 J of heat and performs a net mechanical
work output of AW = 350 J.

(f) Substitute these values into the cycle equation: Qi, — 150 = 350. Solving for heat absorbed
gives Qi = 350 + 150 = 500 J.

Final Answer: 500 J

Answer: (B)

Go Back to Question 28
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Q29.

Concept: In an isolated alpha decay process, linear momentum must be conserved. When a heavy
parent nucleus at rest decays, the emitted alpha particle and the remaining daughter nucleus recoil
in opposite directions with equal magnitudes of momentum.

Solution:

(a) Let the initial momentum of the system be zero since the parent nucleus of mass number A

is at rest. The mass of the emitted helium nucleus (alpha particle) is 4.

(b) The mass number of the remaining recoiling daughter nucleus is found by subtracting the

alpha mass from the parent mass, giving Az = A — 4.

(c) By conservation of linear momentum, p, = pg = p. The kinetic energy K of a moving

P’

body can be related to momentum by the formula K = 7.

(d) Write the kinetic energy expressions for both particles: K, = % and K; = %.

(e) The total energy released, or Q-value, is the sum of the kinetic energies: Q = K, + K4 =
2

P P _pi, 1 y_p_a_
8+2(A—4)_2[4+A—4]_2[4(A—4)‘

(f) Find the fractional energy carried by the daughter nucleus: % = p_zz("—’:’] = ﬁ : @ =
%. Thus, K4 = $0. o
Final Answer: %Q
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Q30.

Concept: In pure rolling motion without slipping on a fixed surface, a wheel behaves as if it is
rotating instantaneously about its point of contact with the ground. The linear speed of any point
is proportional to its distance from this contact point.

Solution:

(a) For a wheel of radius R rolling without slipping, the velocity of the center of mass is related

to its angular velocity w by the condition vy, = wR.

(b) The velocity of any point on the rolling wheel relative to the road is the vector sum of its

translational velocity V¢, and its rotational velocity V.

(c) Atthe topmost point of the wheel, the forward translational velocity vector points horizontally

forward with a magnitude equal to v¢p,.

(d) The tangential rotational velocity vector at the topmost point also points horizontally forward

with a magnitude of v, = WR.

(e) Since the condition for pure rolling dictates that wR = vy, the rotational velocity component
at the top simplifies directly to viot = Vem-

(f) Combining these two parallel vectors gives the total linear speed of the topmost point

relative to the road: viop = Vem + Viot = Vem + Vem = 2Vem = 2(12) = 24 m/s.

Final Answer: 24 m/s

Answer: (B)
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Q31.

Concept: The rate of heat dissipation or electrical power consumed by a current-carrying
conductor across which a fixed potential difference is applied depends inversely on its ohmic
electrical resistance. Resistance is governed by the wire’s length, cross-sectional area, and material

resistivity.
Solution:
(a) The electrical resistance R of a wire is given by the formula R = p% = #, where p is
the resistivity, L is the length, and r is the cross-sectional radius.
(b) For wire X, the parameters are length L and radius r, so its electrical resistance is Rx = p#.
(c) For wire Y, the parameters are length 2L and radius 2r. Its electrical resistance is
-4 2L _ 2L _1(, L \_Rx
Ry _pn(2r)2 =Pz =2 (pﬂrz) — 2
(d) The rate of thermal heat dissipation P when a constant potential difference V is maintained
individually across each wire is given by Joule’s law: P = VT.
oo o a o _ V2 o o _ V2 _ V2 _ 2V2
(e) The dissipation rate for wire X is Px = R and for wire Y is Py = Ry = Ry = Rx
(f) Taking the ratio of their heat dissipation rates gives X = Y/Rx _ 1
ing the ratio of their heat dissipation rates gives 5t = sy775- = 3.

Final Answer: 1 : 2

Answer: (A)
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Q32.

Concept: The spherical mirror formula relates the object distance, image distance, and focal
length. The linear magnification for a spherical mirror is defined as the negative ratio of the image
distance to the object distance.

Solution:

(a) According to the standard Cartesian sign convention, the object distance in front of a

concave mirror is taken as negative, so u = —12 cm.

(b) The mirror forms a real image that is magnified by a factor of three. For real images formed

by a concave mirror, the magnification value is inverted and therefore negative, giving

m = -3.
(c) The linear magnification formula is m = —-. Substituting our known values into this
relation yields —3 = ——, which simplifies to =3 = 5.

(d) Solving for the position of the image gives the real image distance as v = —36 cm.

(e) The standard spherical mirror formula is % = % +

1 1 1
ri S v

1 . . . .
+- Substituting our distances gives

(f) Finding a common denominator yields % = % = g—g = —%. Taking the reciprocal gives

the focal length f = -9 cm.

Final Answer: —9 cm

Answer: (A)
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Concept: A point sound source emitting acoustic waves uniformly in all directions generates a
spherical wave front. Consequently, the energy spreads over a larger area, and the sound intensity

satisfies an inverse-square law with distance.

Solution:
(a) The acoustic power P emitted by a uniform sound source distributes evenly across a sphere
of radius r. The intensity / is defined as power per unit area: [ = 3 E_
nr
(b) This relationship implies that sound intensity is inversely proportional to the square of the
distance from the source: [ o #
(c) Let the initial distance from the source be r; and the corresponding initial sound intensity
be I 1.
(d) The researcher moves further away such that the new vertical distance is increased by a
factor of three, giving r, = 3ry.
) ) g 0.0 ) o T r 2
(e) The new sound intensity level I, at this position is expressed as a ratio: ﬁ = (é) =
n) o (1) o
3] —\3) 9
(f) Therefore, the sound intensity decreases to exactly one-ninth of its original value.

Final Answer: It decreases to % of its initial value.

Answer: (B)

Go Back to Question 33
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Q34.

Concept: The total binding energy of a nucleus is the energy required to break it apart completely
into its constituent isolated nucleons. It is calculated by multiplying the given binding energy per
individual nucleon by the total number of nucleons (mass number A).

Solution:

(a) The problem requests the total work energy required to strip all the individual nucleons

completely away from one single helium nucleus (gHe).

(b) The mass number A represents the total number of nucleons (protons and neutrons) residing

inside the nucleus. For a helium nucleus, the mass number is A = 4.
(c) The binding energy per nucleon for helium is explicitly given as 7.1 MeV/nucleon.

(d) The total binding energy Ej holding the helium nucleus together is computed using the
expression: Ej, = (Binding Energy per Nucleon) X A.

(e) Substituting the values into this formula gives: Ep = 7.1 MeV X 4 = 28.4 MeV.

(f) This means that an external energy of 28.4 MeV must be supplied to overcome the strong

nuclear forces and completely separate the four nucleons.

Final Answer: 28.4 MeV

Answer: (A)
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Q3s.

Concept: For rotational systems experiencing a constant angular deceleration, the kinematic
equations of rotational motion can be applied. The total angular displacement in radians can then
be converted directly into the number of completed revolutions.

Solution:

(a) The initial angular speed of the flywheel is given in rotations per minute as Ny = 600 rpm.

(b) The average angular speed during a uniform deceleration process from an initial value to
wotwyr

complete rest is given by the arithmetic mean: wayg = —5—.

(c) Since the final rotational speed is wy = 0, the average angular speed simplifies in terms of

revolutions per minute to: Nayg = 6Og+0 =300 rpm.

(d) The time interval over which the flywheel comes to a complete haltis given as = 10 seconds.

Expressing this time duration in minutes yields: ¢ = é—o min = % min.

(e) The total number of revolutions n completed is the average rotational speed multiplied by

the time interval: n = Nayg X 1.

. . . . . . _ 1 . _
(f) Substituting our parameters into the product equation gives: n = 300 rpm X ¢z min =
50 revolutions.

Final Answer: 50

Answer: (B)
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Q36.

(a)

(b)

(©
(d)

(e

t9)

Concept: The biot-savart law dictates that the magnetic field produced at the center of a circular
current-carrying loop is directly proportional to both the number of wire turns and the current, and
inversely proportional to the radius of the loop.

Solution:

For an initial single-turn circular loop (V] = 1) of radius R carrying a steady direct current

1, the magnetic field magnitude at center O is: By = g_(;el'

The exact same wire is unbent and re-coiled to form a new smaller circular loop consisting
of two complete turns, so N = 2.

The new loop configuration has a reduced radius given as R’ = %.

The generalized formula for the magnetic field at the center of a coil containing N loops is:

_ MoNI
B = 55+

Substituting the new parameters (N> = 2 and R’ = R/2) into this expression yields:

_ po I _ 4 [ ol
Buet = S000 = 4 (1),

Comparing this result with our initial expression for By shows that the new magnetic field

magnitude increases by a factor of four: By = 4By.

Final Answer: 4B

Answer: (B)

Go Back to Question 36
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Q37.

Concept: When unpolarized light passes through an initial polarizer, its intensity is halved. The
subsequent transmission of this polarized light through a second polarizing filter is governed by
Malus’s law, which depends on the cosine square of the relative angle between their transmission
axes.

Solution:

(a) An unpolarized light beam of initial intensity /o passes through the first polarizing sheet. A
perfect polarizer filters out half of the light energy, so the emerging intensity is: /| = 12—0

(b) This emerging light beam is now completely linear-polarized along the transmission axis
orientation of the first sheet.

(c) The light then encounters a second polarizing sheet whose transmission axis is inclined at
an angle of § = 60° relative to the first axis.

(d) According to Malus’s law, the final intensity I, emerging from the second sheet is:
I, = I, cos? 6.

(e) Substituting the value of /; and the angle into the equation yields: I, = (170) cos2(60°).

2
(f) Knowing that cos(60°) = %, we compute its square as (%) = Alf. Substituting this back

gives: I, = %OX%: %0.

Final Answer: %0

Answer: (C)
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Q38.

Concept: Thermodynamic work is defined as the integral of pressure with respect to volume
changes. In any thermodynamic process where the boundary remains perfectly rigid and the
volume is held strictly constant, no boundary work is performed by or on the system.

Solution:

(a) The question describes a two-stage thermodynamic process executed by a sample of an

ideal gas.

(b) In the first stage, the ideal gas undergoes an isothermal expansion at a constant temperature

T, increasing its volume from V to a final expanded volume of 2V.

(c) Inthe second stage, the gas is cooled down while contained inside a constant, fixed volume

until its internal pressure is halved.

(d) The definition of mechanical work done by a gas during any process is given by the integral:
W= [Pav.

(e) Because the second stage is explicitly specified as a cooling process at a constant volume,
the change in volume is zero (dV = 0).

(f) Since there is no displacement of the containing walls or boundary volume expansion, the

net work done by the gas during this second stage is identically zero.

Final Answer: Zero

Answer: (C)
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Q39.

(a)

(b)

(©

(d)

(e

)

Concept: In a p-n junction diode, the application of an external forward bias voltage provides
an electric field that opposes the built-in potential barrier. This counter-acting field alters the
equilibrium distribution of mobile charge carriers near the junction interface.

Solution:

When a p-n junction diode is left unbiased, an internal potential barrier and a depletion

layer containing fixed ions are established, which halts further diffusion of majority carriers.

In a forward-biased configuration, the positive terminal of the external voltage source is

connected to the p-type region, and the negative terminal is connected to the n-type region.

This external voltage creates an electric field that acts in a direction completely opposite to

the internal built-in electric field of the junction.

As a result of this opposition, holes in the p-region and electrons in the n-region are pushed
toward the junction interface.

This influx reduces the concentration of uncovered fixed ions, causing the physical width of

the depletion layer to decrease.

Concurrently, the height of the internal potential barrier is lowered, allowing majority

carriers to cross the junction easily and establish a forward current.

Final Answer: The depletion width decreases and the barrier height decreases.

Answer: (B)
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Q40.

Concept: An object falling through a viscous fluid experiences both a constant downward
gravitational force and a speed-dependent upward retarding drag force. Terminal velocity
represents a state of dynamic equilibrium where these opposing forces balance.

Solution:

(a) As the stone is dropped from rest into the deep water tank, its initial velocity is zero, meaning
the viscous drag force (Fy = —kv) is also initially zero.

(b) Gravity accelerates the stone downward, causing its speed to increase. As its speed increases,
the upward viscous drag force grows proportionally.

(c) The net downward force acting on the stone at any instant during its journey is: Fpet =
mg — kv.

(d) Eventually, the stone reaches a critical speed where the upward viscous drag force becomes
exactly equal in magnitude to the downward gravitational force: kv, = mg.

(e) When this balance is achieved, the net total force acting on the stone becomes exactly zero
(Fhet = 0).

(f) According to Newton’s second law, since the net force is zero, the acceleration drops to

zero, and the stone continues its downward descent at a constant terminal velocity v;.

Final Answer: The net force acting on the stone becomes zero when it reaches terminal velocity.

Answer: (B)

Go Back to Question 40
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Concept: The total mechanical energy of an orbiting satellite is the sum of its kinetic and
gravitational potential energy. For a circular orbit around a central body, the mechanical energy is
negative, demonstrating a bound state where its absolute value equals the kinetic energy.

Solution:
(a) Consider a satellite of mass m orbiting a planet of mass Mg in a circular path of radius r.
The centripetal force is supplied entirely by the gravitational attraction.
(b) Equating these forces gives mT"z = GA;IZE'". Solving for kinetic energy gives K = %mv2 =
GMgm
B
(c) The gravitational potential energy U of the satellite-Earth bound system is given by the
formula U = —W.
(d) The total mechanical energy E is the sum of its kinetic energy and potential energy
components: £ =K + U.
o : : GM GM GM
(e) Substituting the expressions yields E = ZZE= — Z2E0 = _Z2E,
(f) This negative total energy value confirms that the satellite remains gravitationally bound in
its circular orbit around the Earth.
Final Answer: —%
Answer: (B)
Go Back to Question 41
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Q42.

Concept: According to Faraday’s Law of Induction, a changing magnetic flux through a conducting
loop induces an electromotive force. The resulting current is determined by Ohm’s law, depending
on the loop’s total electrical resistance.

Solution:

(a) The area A of the flat square loop with a side length of 0.1 m is computed as A =
0.1 mx0.1 m=0.01 m%

(b) The vertical magnetic field is perpendicular to the horizontal plane of the loop, meaning the
magnetic flux is given by the expression @ = BA.

(c) The field changes at a constant rate from 0.2 T to 0.6 T, yielding a change in magnetic field
AB=06T-02T=04T.

(d) The time interval for this transition is Az = 0.2 seconds. The rate of change of magnetic

(  AD _ AB-A

flux is A AL

(e) Substituting the values gives the magnitude of the induced electromotive force as e =
0.4x0.01 _
== =0.02V.,

(f) According to Ohm’s law, the induced current is I = %. Given a loop resistance of 2 €, the

currentis I = % =0.01 A.

Final Answer: 0.01 A

Answer: (A)

Go Back to Question 42
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Q43.

Concept: The total magnifying power of a compound microscope is the product of the linear
magnification of the objective lens and the angular magnification of the eyepiece when the final
image is viewed at the near point of distinct vision.

Solution:
(a) The objective lens has a focal length f, = 1.0 cm and an object distance u, = —1.1 cm.
Using the lens formula fio = % — i gives ﬁ = % — ﬁ

(b) Rearranging the equation yields % =1.0- ﬁ =1.0- % = ﬁ, which gives the image
distance from the objective lens as v, = 11 cm.

(c) The linear magnification produced by the objective lens is given by m, = ;—‘; = % =-10.

(d) The eyepiece acts as a simple magnifier. When the final image forms at the near point

D = 25 cm, its angular magnification is m, = 1 + fQ.

(e) Given the eyepiece focal length f, = 5.0 cm, the eyepiece magnification is computed as

me=1+2=1+5=6.

(f) The total magnifying power of the compound microscope is the product of these two values:
M=m,xm, =—-10%x 6 = —60.

Final Answer: —60

Answer: (B)
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Q44.

Concept: Fourier’s law of thermal conduction dictates that the rate of steady-state heat transfer
through a solid bar is proportional to its thermal conductivity, its cross-sectional area, and the
temperature gradient established across its length.

Solution:

(a) The fundamental equation describing the rate of heat conduction Q /7 at steady state is given

kA(T1 -T;
by%: (Ll 2)

(b) The thermal conductivity of the given metal bar is & = 400 W/(m - K), and its cross-sectional
areais A =2 x 1073 m?.

(c) The bar has a total length of L = 0.5 m. The temperatures at its two opposing ends are
maintained at 77 = 100°C and 7> = 20°C.

(d) The temperature difference across the solid conducting bar is calculated as AT =Ty — T =
100°C - 20°C = 80°C.

_400x(2x1073)x80

(e) Substituting these parameters into the conduction formula yields % 05

(f) Simplifying the numerator gives 400 x 0.002 x 80 = 64. Dividing this value by the length
yields a rate of heat transfer equal to % =128 W.

Final Answer: 128 W

Answer: (A)

Go Back to Question 44
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Q45.

(a)

(b)
(©)

(d)

(e

)

Concept: Einstein’s photoelectric equation relates the maximum kinetic energy of emitted
photoelectrons to the frequency of incident radiation and the material work function. The stopping
potential is proportional to this maximum kinetic energy.

Solution:

Einstein’s photoelectric equation is written as eVy = hy — ¢, where Vj is the stopping

potential, v is the incident frequency, and ¢ is the material work function.

Isolate the initial stopping potential to express it in terms of the initial frequency: Vo = 2% — ¢

T e e’

If the frequency of the incident radiation hitting the clean metallic surface is exactly doubled,

the new frequency becomes v’ = 2v.

The new stopping potential V|| required to halt the photocurrent satisfies the updated
= h2v) _ ¢ :2(h_V)_£

1 . ’
expression: Vj

e e e e’

We can rewrite this by adding and subtracting terms to compare with the initial state:
V6:2(ﬂ—2)+§:2V0+§.

e e

Because the work function ¢ is always a positive value, the new stopping potential V| will

become more than doubled.

Final Answer: It will become more than doubled.

Answer: (C)
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Q46.

Concept: When a uniform wire is bent into a closed geometric figure, it acts as a network of
resistors connected in a combination of series and parallel branches. The effective resistance
across any pair of vertices is found using equivalent resistance laws.

Solution:

(a) A uniform wire possessing a total initial resistance of 18 Q is divided and bent to form a

regular equilateral triangle.

(b) Since the wire is uniform, its total resistance splits equally among the three identical sides

of the triangle. Each individual arm has a resistance of % =6 Q.

(c) Consider measuring the effective resistance across any two chosen vertices, say terminal

points A and B.

(d) The side directly connecting vertex A to vertex B forms a single independent resistive
branch of value R; = 6 Q.

(e) The remaining two sides of the equilateral triangle form a continuous series pathway
connected across the same two terminals, giving Rp =6 Q + 6 Q =12 Q.

(f) The total network reduces to a parallel combination of R; and R;. The effective resistance

RiXRy _ 6x12 _ 72 — 49

ISRef = R3R, = 6412 = 18

Final Answer: 4 Q

Answer: (B)

Go Back to Question 46
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Q47.

(a)

(b)

(©

(d)

(e
(f)

Concept: In simple harmonic motion, total mechanical energy remains conserved. The instanta-
neous linear velocity of a oscillating mass can be expressed as a function of its displacement from
the central equilibrium position and its maximum amplitude.

Solution:

The angular frequency of a block-spring system executing simple harmonic motion on a

k

frictionless surface is defined by w = \/; .

The general equation relating the linear velocity v of a harmonic oscillator to its displacement

s from the equilibrium position is given by v = w VA2 — s2.

The problem states that we must calculate the velocity at the specific instant the block passes

through a position where its displacement is exactly half its amplitude, so s = %.

Substituting this displacement value into our kinematic expression yields v =
[ 2
2_ (A} = 2 _ A2
wy[A —(5) = w\JA? - 5.

Simplifying the radical term gives v = w 3%2 = ByA.

2

Replacing the angular frequency w with its structural definition gives the final velocity as

V= g\/gA

: . V3 |k
Final Answer: T\/;A

Answer: (B)
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Q48.

Concept: An electric dipole placed in a uniform external electric field experiences equal and
opposite forces that form a torque. This rotational torque depends on the dipole moment magnitude,
the electric field strength, and the sine of the angle between them.

Solution:

(a) An electric dipole consists of two equal and opposite charges separated by a small distance.

It is characterized by an electric dipole moment vector p.

(b) When placed inside a uniform external electric field E, the net translational force acting on

the dipole is zero, but a net rotational torque is produced.

(c) The vector expression for the torque acting on an electric dipole in an external field is given

by the cross product: 7 = j X E.

(d) The magnitude of this torque vector can be computed using the scalar relation 7 = pE sin 6,
where 6 is the angle between p and E.

(e) The problem states that the dipole moment vector makes an angle of 6 = 30° with the
direction of the uniform external electric field lines.

(f) Substituting this angle value yields T = pFE sin(30°). Since sin(30°) = %, the torque

magnitude simplifies to 7 = % pE.

Final Answer: % pE

Answer: (B)
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Q49.

Concept: The frequency of a wave is determined solely by its source and corresponds to the
number of oscillations per unit time. When light transitions across an interface into a different
medium, its speed and wavelength change, but its frequency remains invariant.

Solution:

(a) A light wave traveling through air strikes the flat boundary surface of a calm water pond

and refracts as it enters the liquid medium.

(b) The refractive index of water is given as u = %. This material index value implies that the

propagation speed of the light wave slows down inside the water.

(c) The relationship between wave speed, wavelength, and frequency is given by the formula
v=fA

(d) When light enters a optically denser medium like water, its velocity decreases, and its spatial
wavelength shortens proportionally to maintain consistency.

(e) However, the frequency f of a light wave depends exclusively on the characteristics of the

initial emitting source and is independent of the medium.

(f) Because the frequency does not change during refraction, the frequency inside the water is

identical to its frequency in air, yielding a ratio of 1 : 1.

Final Answer: 1 : 1

Answer: (C)

Go Back to Question 49
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Q50.

(a)

(b)

(©

(d)
(e

t9)

Concept: According to the Ideal Gas Law, the state of a gas is governed by its pressure, volume,
and absolute temperature. In an isochoric process where the volume is held strictly constant,
Gay-Lussac’s law dictates that pressure is directly proportional to temperature.

Solution:

The generalized ideal gas equation is given by PV = nRT, where P is pressure, V is volume,

T is the absolute temperature, and » is the number of moles.

The problem specifies that the volume of the container enclosing the ideal gas is kept strictly

constant (V = constant).

For a fixed quantity of gas at constant volume, the pressure is directly proportional to its

absolute temperature: P oc T

P _ P

This proportional relationship allows us to write the ratio equation for two states as: =T

The initial pressure of the gas is given as P; = 2 atm, and the absolute temperature of the

gas is doubled, meaning 7, = 277.

Rearranging the ratio formula to solve for the final pressure yields P, = P (%) =

2atm(2%)=2><2:4atm.

Final Answer: 4 atm

Answer: (C)

Go Back to Question 50
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