
IIT JAM Physics
Sample Paper – 6

Instructions

• This paper has 60 questions divided into three sections; total marks: 100; duration:
3 hours.

• Section A (Q1–Q30): Multiple Choice Questions (single correct). Q1–Q10 carry 1
mark each (penalty −1

3
); Q11–Q30 carry 2 marks each (penalty −2

3
).

• Section B (Q31–Q40): Multiple Select Questions (one or more correct); 2 marks
each; no negative marking. Full marks only if ALL correct options are chosen.

• Section C (Q41–Q60): Numerical Answer Type (no options). Q41–Q50 carry 1
mark; Q51–Q60 carry 2 marks; no negative marking.

• A virtual scientific calculator is available on-screen. Personal calculators and elec-
tronic devices are not permitted.

• Use of the following constants where needed: g = 9.8 m/s2, kB = 1.38 × 10−23 J/K,
ℏ = 1.055× 10−34 J·s, e = 1.6× 10−19 C, me = 9.11× 10−31 kg, mp = 1.67× 10−27 kg,
c = 3× 108 m/s, G = 6.67× 10−11 N·m2/kg2.

Section A — Multiple Choice Questions (MCQ)

Q1–Q10: 1 mark each, −1
3 for wrong answer. Single correct option.

Q1. The Legendre polynomial P2(x) =
3x2 − 1

2
. The expression for P2(cos θ)

in terms of cos θ is:

(A)
3 sin2 θ − 1

2

(B)
3 cos θ − 1

2

(C)
3 cos2 θ − 1

2
(D) 3 cos2 θ − 1

Q2. Kepler’s second law states that the line joining a planet to the Sun sweeps

out equal areas in equal intervals of time. This law is a direct consequence

of the conservation of:

(A) Angular momentum

(B) Linear momentum

(C) Energy
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(D) Mass

Q3. The quality factor Q of a damped harmonic oscillator with natural fre-

quency ω0 and damping coefficient γ (where the damping force is−2mγẋ)

is defined as Q = ω0/(2γ). For a lightly damped system, the relation-

ship between Q and the resonance bandwidth ∆ω (the full width at half

power) is:

(A) Q = ∆ω/ω0

(B) Q = ω0 ·∆ω
(C) Q = 2ω0/∆ω

(D) Q = ω0/∆ω

Q4. A point charge +q is placed at a perpendicular distance d from a grounded,

infinite, flat conducting plane. By the method of images, the image

charge and its location are:

(A) +q at distance d on the same side as +q

(B) −q at distance d on the opposite side of the plane

(C) −q at distance 2d on the opposite side of the plane

(D) +q at the plane surface

Q5. The Gibbs free energy is defined as G = H−TS. At constant temperature

and pressure, the criterion for a process to occur spontaneously is:

(A) ∆G > 0

(B) ∆G = 0

(C) ∆G < 0

(D) ∆H < 0 only

Q6. For a particle confined in a one-dimensional infinite square well of width

L, the energy of the n-th level is En =
n2π2ℏ2

2mL2
. The ratio E3/E1 is:

(A) 9

(B) 3

(C) 6

(D) 27
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Q7. The Fermi energy EF of a free electron metal is proportional to n2/3,

where n is the free electron density. If the electron density is doubled

(e.g. by applying pressure), the new Fermi energy E ′F satisfies:

(A) E ′F = 2EF

(B) E ′F =
√
2EF

(C) E ′F = 41/3EF

(D) E ′F = 22/3EF

Q8. In a common-emitter BJT amplifier, the current gain is β = 100, the col-

lector resistance is RC = 5kΩ, and the input resistance is Rin = 1kΩ. The

magnitude of the voltage gain |Av| is:

(A) 100

(B) 500

(C) 200

(D) 50

Q9. In the semi-empirical (Bethe–Weizsäcker) mass formula, the Coulomb en-

ergy term arises from the electrostatic repulsion among protons in the

nucleus. This term is proportional to:

(A) Z/A1/3

(B) Z(Z − 1)/A

(C) Z2/A1/3

(D) Z2A1/3

Q10. The Bessel function of the first kind J0(x) satisfies the differential equa-

tion (using prime for d/dx):

(A) x J ′′0 + J ′0 + x J0 = 0

(B) x J ′′0 + J ′0 − x J0 = 0

(C) J ′′0 + J ′0 + J0 = 0

(D) x2J ′′0 + xJ ′0 + x2J0 = xJ0

Q11–Q30: 2 marks each, −2
3 for wrong answer. Single correct option.

| 3

https://collegedunia.com/exams/iit-jam/sample-paper


IIT JAM Sample Paper Physics

Q11. According to Kepler’s third law, the square of the orbital period T is pro-

portional to the cube of the semi-major axis a of the orbit. A planet

initially orbits at radius r0 with period T0. If its orbital radius is tripled to

3r0 (assuming a nearly circular orbit), the new period is:

Sun

Planetaperihelion

aphelion

equal areas

(A) 3T0

(B) 9T0

(C)
√
3T0

(D) 3
√
3T0

Q12. For a forced harmonic oscillator, the steady-state amplitude at resonance

(ω = ω0) is Ares = F0/(b ω0), where b = 2mγ is the damping constant. If

the damping constant b is doubled while F0 and ω0 remain unchanged,

the amplitude at resonance:

ω0

A0/2

A0
low b

high b

Driving frequency ω

A
m

pl
it

ud
e
A

(A) Is doubled

(B) Is halved

(C) Remains unchanged

(D) Decreases by factor
√
2

Q13. A conducting sphere of radius R carries a total charge Q. It is placed

concentrically inside a grounded conducting spherical shell of radius 2R.

Using Gauss’s law, the electric field in the region R < r < 2R is:

(A) Zero
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(B)
Q

4πϵ0(2R)2
(constant)

(C)
Q

4πϵ0r2

(D)
Q

4πϵ0R2
(constant)

Q14. Starting from the Helmholtz free energy F = U − TS with differential

dF = −S dT − P dV , the Maxwell relation obtained by equating mixed

second partial derivatives is:

(A)
(
∂S

∂V

)
T

=

(
∂P

∂T

)
V

(B)
(
∂T

∂V

)
S

= −
(
∂S

∂P

)
V

(C)
(
∂S

∂P

)
T

=

(
∂V

∂T

)
P

(D)
(
∂T

∂P

)
S

=

(
∂V

∂S

)
P

Q15. For a particle in a three-dimensional cubic box of side L, the energy levels

are Enxnynz
=

π2ℏ2

2mL2
(n2x + n2y + n2z) with ni = 1, 2, 3, . . . The first excited

energy level (above the ground state (1, 1, 1)) corresponds to n2x + n2y +

n2z = 6. The degeneracy (number of distinct quantum states) of this first

excited level is:

(A) 1

(B) 6

(C) 9

(D) 3

Q16. The Hermite polynomials Hn(x) are defined by the Rodrigues formula

Hn(x) = (−1)nex2 dn

dxn
e−x

2

. The explicit form of H2(x) is:

(A) 2x2 − 1

(B) 4x2 − 2

(C) 2x2 + 1

(D) 4x2 + 2
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Q17. In Rutherford scattering of a particle (charge Z1e) off a heavy nucleus

(charge Z2e) at kinetic energy E, the differential scattering cross-section

dσ/dΩ depends on the scattering angle θ as:

(A) sin4(θ/2)

(B) cos4(θ/2)

(C) csc4(θ/2)

(D) cot4(θ/2)

Q18. A sound source emitting frequency f moves toward a stationary observer

at speed vs = c/4, where c is the speed of sound. The observed frequency

f ′ is:

ObserverSource
vs

compressed (higher f ′)

(A)
4f

3

(B)
3f

4

(C)
5f

4

(D)
4f

5

Q19. A dielectric sphere of radius R and dielectric constant κ is placed in a

uniform external electric field E0. The electric field inside the sphere is

uniform and equals:

κ

E0

(A) κE0

(B) E0/κ
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(C)
2E0

κ+ 2

(D)
3E0

κ+ 2

Q20. The intrinsic carrier concentration of a semiconductor at temperature T

is ni ∝ exp(−Eg/2kBT ). For silicon (Eg = 1.1 eV) at room temperature

(kBT ≈ 0.026 eV), if the band gap were halved to 0.55 eV, the intrinsic

carrier concentration would increase by approximately:

(A) 103

(B) 109

(C) 106

(D) 1012

Q21. A BJT operating in active mode has IB = 20µA and β = 150. The emitter

current IE is:

(A) 3.00 mA

(B) 2.98 mA

(C) 3.02 mA

(D) 3.20 mA

Q22. The graph of binding energy per nucleon (BE/A) versus mass number A

shows a broad peak near which nucleus? The peak value is approximately

8.8 MeV/nucleon.

4He12C 56Fe 120Sn 208Pb 238U

0

2

4

6

8
≈ 8.8

10
56Fe peak

Mass number A

B
E/

A
(M

eV
)

(A) 56Fe

(B) 238U

(C) 208Pb

(D) 12C
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Q23. A muon has a mean lifetime of τ0 = 2.2µs in its rest frame. A muon is

produced in the upper atmosphere and travels toward Earth at v = 0.99 c.

What is its mean lifetime as measured in the Earth’s (laboratory) frame?

(A) 2.2µs

(B) 2.2
√
0.0199 µs ≈ 0.31µs

(C) 10.0µs

(D) 15.6µs

Q24. In central force motion with potential V (r) = −k/r (gravitation / Coulomb

attraction), the effective potential is Veff(r) = −k/r + L2/(2µr2). The ra-

dius rc of the stable circular orbit (where dVeff/dr = 0) is:

(A) rc =
k

L2

(B) rc =
L2

µk

(C) rc =
µk

L2

(D) rc =
L2

k

Q25. The Clausius–Clapeyron equation describes the slope of the phase bound-

ary on a P–T diagram. For the liquid–gas phase transition (latent heat

L, transition temperature T , volume change ∆V = Vg − Vl), the correct

expression is:

273 373 404

0

1

2
liquid–gas

solid–liq

Temperature T (K)

Pr
es

su
re

P
(a

tm
)

(A)
dP

dT
=
T ∆V

L

(B)
dP

dT
=
L∆V

T

(C)
dP

dT
=

L

T ∆V

(D)
dP

dT
=

∆V

LT
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Q26. In an intrinsic (undoped) semiconductor, the Fermi level EF is given by

EF =
Ec + Ev

2
+
kBT

2
ln

(
Nv

Nc

)
, whereNc andNv are the effective densities

of states. When Nv = Nc (equal effective masses), the Fermi level lies at:

(A) The conduction band edge Ec

(B) The valence band edge Ev

(C) kBT above the midgap

(D) Exactly at the midgap energy (Ec + Ev)/2

Q27. The generating function for Legendre polynomials is
1√

1− 2xt+ t2
=

∞∑
n=0

Pn(x) t
n. The value of Pn(1) for all non-negative integers n is:

(A) 1

(B) 0

(C) (−1)n

(D) n+ 1

Q28. A string of length L = 1 m is fixed at both ends. The wave speed on the

string is v = 200 m/s. The frequency of the third harmonic is:

(A) 100 Hz

(B) 300 Hz

(C) 200 Hz

(D) 600 Hz

Q29. A rod has a proper (rest-frame) length L0 = 10 m. It moves along its

length at v = 0.6 c relative to a laboratory observer. The length of the rod

as measured by the lab observer is:

(A) 10 m

(B) 6 m

(C) 8 m

(D) 4 m

Q30. In a common-base BJT configuration, the current gain α = IC/IE. For a

transistor with common-emitter current gain β = 99, the value of α is:
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(A) 0.50

(B) 0.90

(C) 0.95

(D) 0.99

Section B — Multiple Select Questions (MSQ)

Q31–Q40: 2 marks each, no negative marking. One or more options may be correct. Full marks only if

ALL correct options are chosen and no incorrect option is selected.

Q31. Which of the following statements about Kepler’s laws of planetary mo-

tion are correct?

(A) Planets move in elliptical orbits with the Sun at one focus.

(B) Planets move with constant orbital speed throughout their elliptical

orbit.

(C) The square of the orbital period of a planet is proportional to the cube

of the semi-major axis of its orbit.

(D) The gravitational force on a planet is inversely proportional to the

distance (not distance squared) from the Sun.

Q32. Which of the following properties of Legendre polynomials Pn(x) are cor-

rect?

(A) Pn(1) = 1 for all n ≥ 0.

(B) Pn(−x) = (−1)nPn(x) (parity relation).

(C)
∫ 1

−1
[Pn(x)]

2 dx = 1 for all n.

(D) The set {Pn(x)} forms a complete orthogonal basis on the interval

[−1, 1].

Q33. Which of the following statements about thermodynamic processes are

correct?

(A) In an isothermal expansion of an ideal gas, the internal energy in-

creases.

(B) In an adiabatic process, no heat is exchanged with the surroundings

(Q = 0).
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(C) In the free expansion of an ideal gas into a vacuum, the temperature

decreases.

(D) Every reversible process is quasi-static.

Q34. Which of the following statements about a BJT in common-emitter (CE)

configuration are correct?

(A) The collector current is approximately β times the base current: IC ≈
βIB.

(B) There is a 180° phase inversion between the input (base) voltage and

the output (collector) voltage.

(C) The input impedance of the CE stage is lower than that of the common-

collector (emitter-follower) configuration.

(D) The voltage gain of a CE amplifier is always less than 1.

Q35. Which of the following statements about nuclear stability are correct?

0 20 40 60 80 100

0

50

100

150

N
=
Z

Proton number Z

N
eu

tr
on

nu
m

be
r
N

(A) All nuclei with Z > 92 (transuranic elements) are stable.

(B) Magic numbers (2, 8, 20, 28, 50, 82, 126) apply only to neutron

numbers, not proton numbers.

(C) Nuclei with even N and even Z are generally the most stable (even–

even nuclei).

(D) Heavy nuclei (large A) tend to decay preferentially by alpha emis-

sion.

Q36. Which of the following Maxwell relations are correct?

(A)
(
∂T

∂V

)
S

= −
(
∂P

∂S

)
V

(from internal energy U)

(B)
(
∂T

∂P

)
S

=

(
∂V

∂S

)
P

(from enthalpy H)

(C)
(
∂S

∂V

)
P

=

(
∂P

∂T

)
V
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(D)
(
∂V

∂T

)
P

=

(
∂S

∂P

)
V

Q37. Which of the following statements about the Doppler effect (for sound)

are correct?

(A) The observed frequency increases when the source moves toward the

observer.

(B) The Doppler effect is symmetric: a source moving at speed vs toward

a stationary observer produces the same frequency shift as an ob-

server moving at speed vs toward a stationary source (for sound in

air).

(C) When an observer moves toward a stationary source at speed vobs =

vsound/2, the observed frequency increases by 50%.

(D) The Doppler effect (using electromagnetic waves) can be used to

measure the radial velocities of stars.

Q38. Which of the following statements about dielectrics are correct?

(A) In a dielectric material, free (conduction) charges appear on the sur-

face when polarized.

(B) The normal component of polarization P equals the bound surface

charge density: σb = P · n̂.

(C) The electric susceptibility χe is positive for all dielectric materials

(χe > 0).

(D) The electric field inside a conductor is non-zero whenever a dielectric

surrounds it.

Q39. Which of the following statements about the one-dimensional infinite

square well are correct?

(A) The energy levels are non-degenerate in one dimension.

(B) The ground state energy is zero.

(C) The energy eigenfunctions form a complete orthonormal set.

(D) The probability density |ψn(x)|2 is uniform (constant) throughout the

well for all states n.
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Q40. Which of the following statements about semiconductor devices are cor-

rect?

(A) A Zener diode is operated in forward bias for voltage regulation pur-

poses.

(B) An ideal p–n junction diode has zero resistance in forward bias and

infinite resistance in reverse bias.

(C) A Bipolar Junction Transistor (BJT) is a voltage-controlled device.

(D) A Field Effect Transistor (FET) is a voltage-controlled device.

Section C — Numerical Answer Type (NAT)

Q41–Q50: 1 mark each, no negative marking. Enter the exact numerical value.

Q41. A mass m attached to a spring of constant k = 80 N/m oscillates with

period T = 0.5 s. Using T = 2π
√
m/k, find the mass m in kg. (Give your

answer to two decimal places.)

Q42. A planet moves in a circular orbit at distance r = 1.5 × 1011 m from the

Sun (mass M = 2 × 1030 kg). Using v =
√
GM/r with G = 6.67 ×

10−11 N·m2/kg2, find the orbital speed in km/s. (Give your answer to one

decimal place.)

Q43. If the uncertainty in the position of an electron is ∆x = 0.1 nm = 10−10

m, the minimum uncertainty in its momentum is ∆p ≥ ℏ/∆x. Find ∆p

in units of 10−24 kg·m/s. (Give your answer to two decimal places; use

ℏ = 1.055× 10−34 J·s.)

Q44. An LC circuit has inductance L = 50 mH and capacitance C = 20µF. The

resonant frequency f = 1/(2π
√
LC) in Hz is: (Give the answer to the

nearest integer.)

Q45. In the Bohr model of hydrogen, the radius of the n-th orbit is rn = n2a0

where a0 = 0.529 Å. Find the radius of the n = 4 orbit in Å. (Give your

answer to two decimal places.)

Q46. In beta-minus (β−) decay of 14C, the reaction is 14
6 C→14

7 N+e−+ ν̄e. What

is the change in atomic number ∆Z?
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Q47. Find the larger eigenvalue of the matrix

(
3 2

2 3

)
.

Q48. A BJT transistor has common-base current gain α = 0.98. Using β =

α/(1− α), find the common-emitter current gain β.

Q49. A simple pendulum of length L = 2 m oscillates under gravity (g = 9.8

m/s2). Its period T = 2π
√
L/g in seconds is: (Give your answer to two

decimal places.)

Q50. An alpha particle (mα = 4 × 1.67 × 10−27 kg) has kinetic energy KE = 5

MeV. Using the non-relativistic formula v =
√

2KE/mα, find v/c to three

decimal places. (1 MeV = 1.6× 10−13 J; c = 3× 108 m/s.)

Q51–Q60: 2 marks each, no negative marking. Enter the exact numerical value.

Q51. Two moles of an ideal gas are compressed isothermally at T = 300 K

from volume Vi = 4 L to Vf = 1 L. The work done on the gas is W =

nRT ln(Vi/Vf). Find the magnitude |W | in joules. (Give to the nearest

integer; R = 8.314 J/mol·K.)

Q52. Calculate the binding energy of 12
6 C in MeV. Given: mp = 1.007825 u,

mn = 1.008665 u, atomic mass M(12C) = 12.000000 u, 1 u = 931.5 MeV/c2.

The nucleus has 6 protons and 6 neutrons. (Give your answer to two

decimal places.)

Q53. A Carnot engine operates between a hot reservoir at TH = 500 K and a

cold reservoir at TC = 300 K. The work output per cycle is W = 200 J.

The heat QH absorbed from the hot reservoir per cycle (in joules) is:

V1 V2 V3 V4

Pcold

Phot

TH isotherm

TC isotherm

Volume V

Pr
es

su
re

P

Q54. For the hydrogen atom in the energy level n = 3, the possible values of

the orbital angular momentum quantum number are ℓ = 0, 1, 2. What is

the total number of distinct orbital states (not counting spin) for n = 3?

| 14

https://collegedunia.com/exams/iit-jam/sample-paper


IIT JAM Sample Paper Physics

Q55. For a damped harmonic oscillator driven at resonance (driving frequency

ω = ω0), the phase difference ϕ between the driving force F (t) = F0 cos(ωt)

and the steady-state displacement x(t) = A cos(ωt − ϕ) is: (Give the an-

swer in degrees.)

Q56. 238U undergoes alpha decay: 238
92 U→ A

ZX+4
2He. What is the mass number

A of the daughter nucleus X?

Q57. The de Broglie wavelength of a neutron in thermal equilibrium at temper-

ature T = 300 K is λ = h/
√
3mnkBT (using average kinetic energy 3

2kBT ).

With h = 6.626× 10−34 J·s, mn = 1.675× 10−27 kg, kB = 1.38× 10−23 J/K,

find λ in Å (1 Å = 10−10 m). (Give your answer to two decimal places.)

Q58. For a one-dimensional quantum harmonic oscillator with angular fre-

quency ω = 1014 rad/s, the energy of the first excited state is E1 = 3
2ℏω.

Express E1 in eV. (Give your answer to three decimal places; ℏ = 1.055×
10−34 J·s, 1 eV = 1.6× 10−19 J.)

Q59. A BJT circuit has β = 200, VCC = 10 V, RC = 2kΩ, and IB = 20µA. In

active mode, IC = βIB. Find VCE = VCC − ICRC in volts.

Q60. The magnitude of the gravitational potential energy of the Earth–Moon

system is |U | = GMm/r. Using G = 6.67×10−11 N·m2/kg2, M⊕ = 6×1024

kg, mMoon = 7.35× 1022 kg, r = 3.84× 108 m:

M⊕

mr = 3.84 × 108 m

Find |U | in units of 1028 J. (Give your answer to two decimal places.)
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Solutions & Answer Key
IIT JAM Physics — Sample Paper 6

Section A Solutions — MCQ

Solution
Concept — Legendre Polynomials:

The Legendre polynomial P2(x) =
3x2 − 1

2
. Substituting x = cos θ directly:

Step 1 — Replace x with cos θ:

P2(cos θ) =
3 cos2 θ − 1

2

Why other options are wrong:

Q1. • (A): Uses sin2 θ instead of cos2 θ — incorrect substitution.
• (B): Only linear in cos θ — does not correspond to P2.
• (D): Missing the factor of 1/2 and the −1 term.

Final Answer: P2(cos θ) =
3 cos2 θ − 1

2
⇒ (C)

Answer: (C) ← Go back to Q1

Solution
Concept — Conservation Laws in Orbital Motion:
Kepler’s second law (equal areas in equal times) follows from the conservation of
angular momentum.

Derivation: The rate of area swept is
dA

dt
=

1

2
|r × v| = L

2µ
where L is the angular

momentum and µ the reduced mass. Since gravity is a central force, torque = 0, so
L = const⇒ dA/dt = const.

Why other options are wrong:

Q2. • (B): Linear momentum is not conserved in orbital motion (net force acts).
• (C): Energy is conserved but is not the direct cause of equal-area sweeping.
• (D): Mass is trivially conserved and irrelevant here.

Final Answer: Conservation of angular momentum⇒ (A)

Answer: (A) ← Go back to Q2
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Solution
Concept — Damped Oscillator Quality Factor:
For a resonance curve with resonant frequency ω0, the full width at half power
(FWHP) bandwidth is ∆ω = 2γ.

Step 1 — Quality factor: Q =
ω0

2γ
.

Step 2 — Bandwidth: ∆ω = 2γ.

Step 3 — Therefore: Q =
ω0

2γ
=

ω0

∆ω
.

Why other options are wrong:

Q3. • (A): Inverted; gives ∆ω/ω0 < 1 for high-Q systems, but Q > 1.
• (B): Product ω0 ·∆ω has units of (rad/s)2 — not dimensionless.
• (C): Off by factor of 2; ∆ω here is the half-power full width.

Final Answer: Q = ω0/∆ω ⇒ (D)

Answer: (D) ← Go back to Q3

Solution
Concept — Method of Images:
To satisfy the boundary condition V = 0 on the grounded plane, we place an image
charge −q at the mirror-image location on the opposite side of the plane.

Step 1 — Charge +q is at distance d above the plane.

Step 2 — Image charge is −q at distance d below the plane (opposite side).

Step 3 — The superposition of +q and −q makes the potential zero on the plane.

Why other options are wrong:

Q4. • (A): Same sign image would not cancel potential at the boundary.
• (C): Distance 2d is wrong; image must be at same distance d on the other

side.
• (D): Placing the image on the surface doesn’t satisfy the boundary condition.

Final Answer: −q at distance d on the opposite side⇒ (B)

Answer: (B) ← Go back to Q4

Solution
Concept — Thermodynamic Spontaneity:
At constant temperature and pressure, the second law requires total entropy (sys-
tem + surroundings) to increase for a spontaneous process. This translates to
∆G < 0.
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Derivation: ∆G = ∆H − T∆S. The condition for spontaneity at constant T, P is
∆G < 0, which ensures ∆Stotal > 0.

Why other options are wrong:

Q5. • (A): ∆G > 0 means the reverse process is spontaneous (non-spontaneous
forward).

• (B): ∆G = 0 is the equilibrium condition, not spontaneous.
• (D): Negative ∆H alone is neither necessary nor sufficient.

Final Answer: ∆G < 0⇒ (C)

Answer: (C) ← Go back to Q5

Solution
Concept — Particle in a Box Energy Levels:
En = n2E1 where E1 = π2ℏ2/(2mL2).

Calculation:
E3

E1

=
32E1

E1

= 9

Why other options are wrong:

Q6. • (B): 3 would be the ratio n3/n1, not E3/E1.
• (C): 6 has no basis from the n2 formula.
• (D): 27 would imply En ∝ n3.

Final Answer: E3/E1 = 9⇒ (A)

Answer: (A) ← Go back to Q6

Solution
Concept — Free Electron Fermi Energy:

EF =
ℏ2

2me

(3π2n)
2/3 ∝ n2/3.

Step 1 — If n→ 2n:
E ′

F = EF · (2)2/3 = 22/3EF

Step 2 — 22/3 = (22)1/3 = 41/3 ≈ 1.587.

Why other options are wrong:

Q7. • (A): 2EF would require EF ∝ n, not n2/3.
• (B):

√
2EF would require EF ∝ n1/2.

• (C): 41/3EF is identical to (D) since 41/3 = 22/3; the canonical form is 22/3.

Final Answer: E ′
F = 22/3EF ⇒ (D)
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Answer: (D) ← Go back to Q7

Solution
Concept — Common-Emitter Voltage Gain:
|Av| = βRC/Rin

Calculation:
|Av| =

100× 5 kΩ

1 kΩ
=

500

1
= 500

Why other options are wrong:

Q8. • (A): 100 is just β, forgetting the RC/Rin factor.
• (C): 200 would require RC/Rin = 2.
• (D): 50 would require RC = 0.5 kΩ.

Final Answer: |Av| = 500⇒ (B)

Answer: (B) ← Go back to Q8

Solution
Concept — Semi-Empirical Mass Formula (Bethe–Weizsäcker):
The Coulomb term represents the electrostatic self-energy of Z protons distributed
uniformly in a sphere of radius R ∝ A1/3.

Derivation: Electrostatic energy ∝ Z(Z − 1)/R ∝ Z(Z − 1)/A1/3. For large Z,
Z(Z − 1) ≈ Z2, so the term is written as aCZ2/A1/3.

Why other options are wrong:

Q9. • (A): Z/A1/3 omits the Z dependence of repulsion (linear, not quadratic).
• (B): Z(Z−1)/A — the denominator should be A1/3 (radius), not A (volume).
• (D): Z2A1/3 has the wrong sign of the exponent for radius.

Final Answer: Z2/A1/3 ⇒ (C)

Answer: (C) ← Go back to Q9

Solution
Concept — Bessel’s Differential Equation:
The general Bessel equation of order ν is x2y′′ + xy′ + (x2 − ν2)y = 0.

Step 1 — For J0(x), set ν = 0: x2y′′ + xy′ + x2y = 0.

Step 2 — Divide by x: x J ′′
0 + J ′

0 + x J0 = 0.

Why other options are wrong:

Q10. • (B): Sign of last term wrong; −xJ0 would give a modified Bessel equation I0.
• (C): Missing the x coefficients; not Bessel’s equation.
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• (D): Reduces to x2J ′′
0 +xJ

′
0+(x2−x)J0 = 0; not the standard Bessel equation.

Final Answer: xJ ′′
0 + J ′

0 + xJ0 = 0⇒ (A)

Answer: (A) ← Go back to Q10

Solution
Concept — Kepler’s Third Law:
T 2 ∝ a3, so T ∝ a3/2.

Calculation:
T ′

T0
=

(
3r0
r0

)3/2

= 33/2 = 3
√
3 ≈ 5.196

Why other options are wrong:

Q11. • (A): 3T0 implies T ∝ a (linear), not a3/2.
• (B): 9T0 implies T ∝ a2.
• (C):

√
3T0 implies T ∝ a1/2.

Final Answer: T ′ = 3
√
3T0 ⇒ (D)

Answer: (D) ← Go back to Q11

Solution
Concept — Forced Oscillation at Resonance:

At ω = ω0: Ares =
F0

b ω0

where b is the damping constant.

Step 1 — Ares ∝ 1/b.

Step 2 — If b→ 2b: A′
res = F0/(2b ω0) = Ares/2.

Q12.

0.5 1 1.5 2

0

A0/2

A0 b (original)

2b (doubled)

ω/ω0

A
/A

0

Why other options are wrong:

• (A): Doubled amplitude would require b→ b/2.
• (C): Amplitude does change with damping at resonance.
• (D):

√
2 factor would arise for power, not amplitude.

Final Answer: Amplitude is halved⇒ (B)

Answer: (B) ← Go back to Q12

| 20

https://collegedunia.com/exams/iit-jam/sample-paper


IIT JAM Sample Paper Physics

Solution
Concept — Gauss’s Law with Conductors:
The charge Q on the inner sphere induces−Q on the inner surface of the outer shell
(and +Q goes to ground, leaving −Q on outer shell’s inner surface). A Gaussian
surface of radius r (R < r < 2R) encloses charge Q.

Calculation:
E · 4πr2 = Q

ϵ0
⇒ E =

Q

4πϵ0r2

Why other options are wrong:

Q13. • (A): Zero field only applies inside a conductor or inside a hollow shell with
no enclosed charge.

• (B): Constant field at r = 2R is the field at the outer shell surface, not in
general.

• (D): Constant field at r = R is the field just outside the inner sphere.

Final Answer: E = Q/(4πϵ0r
2)⇒ (C)

Answer: (C) ← Go back to Q13

Solution
Concept — Maxwell Relations:
From dF = −S dT − P dV , the Maxwell relation comes from ∂2F/∂T∂V =

∂2F/∂V ∂T :

−
(
∂S

∂V

)
T

= −
(
∂P

∂T

)
V

⇒
(
∂S

∂V

)
T

=

(
∂P

∂T

)
V

Why other options are wrong:

Q14. • (B): Involves entropy and pressure as independent variables — comes from
U , not F , and has wrong form.

• (C): (∂S/∂P )T = (∂V/∂T )P — this is from Gibbs free energy G, not F .
• (D): (∂T/∂P )S = (∂V/∂S)P — from enthalpy H.

Final Answer: (∂S/∂V )T = (∂P/∂T )V ⇒ (A)

Answer: (A) ← Go back to Q14

Solution
Concept — 3D Particle in a Box Degeneracy:
Ground state: (nx, ny, nz) = (1, 1, 1), sum of squares = 3.
First excited level: sum = 6. Possible states: (1, 1, 2), (1, 2, 1), (2, 1, 1).

Counting:
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Q15. • (1, 1, 2): 1 + 1 + 4 = 6 ✓

• (1, 2, 1): 1 + 4 + 1 = 6 ✓

• (2, 1, 1): 4 + 1 + 1 = 6 ✓

Degeneracy = 3.

Why other options are wrong:

• (A): 1 would imply no degeneracy (only one state), which requires no per-
mutations.

• (B): 6 would be the count for a higher excited level.
• (C): 9 is the total number of states for n = 3 in a hydrogen-like atom, not this

situation.

Final Answer: Degeneracy = 3⇒ (D)

Answer: (D) ← Go back to Q15

Solution
Concept — Hermite Polynomials via Rodrigues:

Hn(x) = (−1)nex2 dn

dxn
e−x2.

Derivation for n = 2:
d

dx
e−x2

= −2x e−x2

d2

dx2
e−x2

=
d

dx
(−2xe−x2

) = −2e−x2

+ 4x2e−x2

= (4x2 − 2)e−x2

H2(x) = (−1)2ex2 · (4x2 − 2)e−x2

= 4x2 − 2

Why other options are wrong:

Q16. • (A): 2x2 − 1 misses the factor of 2 in the leading coefficient.
• (C): 2x2 + 1 has wrong sign on constant term.
• (D): 4x2 + 2 has wrong sign on constant term.

Final Answer: H2(x) = 4x2 − 2⇒ (B)

Answer: (B) ← Go back to Q16

Solution
Concept — Rutherford Scattering Formula:
The differential cross-section is:

dσ

dΩ
=

(
Z1Z2e

2

4E

)2
1

sin4(θ/2)
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The key angular dependence is csc4(θ/2).

Physical reasoning: Small-angle (forward) scattering dominates because the
cross-section diverges as θ → 0, consistent with long-range Coulomb force.

Why other options are wrong:

Q17. • (A): sin4(θ/2) would peak at θ = π — backward scattering — unphysical for
repulsive Coulomb.

• (B): cos4(θ/2) peaks at θ = 0 but has wrong functional form.
• (D): cot4(θ/2) is not the Rutherford formula.

Final Answer: csc4(θ/2) dependence⇒ (C)

Answer: (C) ← Go back to Q17

Solution
Concept — Doppler Effect (Sound):
When the source moves toward a stationary observer:

f ′ =
f · c
c− vs

Calculation: vs = c/4:

f ′ =
f · c

c− c/4
=

fc

3c/4
=

4f

3

Why other options are wrong:

Q18. • (B): 3f/4 would be the result for the source moving away from the observer.
• (C): 5f/4 would correspond to vs = c/5 (not c/4).
• (D): 4f/5 corresponds to source moving away at vs = c/4 — formula gives
c/(c+ vs) = 4/5.

Final Answer: f ′ = 4f/3⇒ (A)

Answer: (A) ← Go back to Q18

Solution
Concept — Dielectric Sphere in External Field:
The boundary value problem for a dielectric sphere (dielectric constant κ, relative
permittivity ϵr = κ) in a uniform external field E0 gives an interior field:

Ein =
3E0

κ+ 2

This result comes from matching tangential E and normal D at the surface, com-
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bined with spherical harmonic solutions.

Limiting checks:

Q19. • κ = 1 (vacuum): Ein = E0 (✓)
• κ→∞ (conductor): Ein → 0 (✓)

Why other options are wrong:

• (A): κE0 would imply field amplification, wrong for dielectric.
• (B): E0/κ is not the correct formula; it applies to parallel-plate configuration.
• (C): 2E0/(κ+ 2) is not the standard result (off by factor of 3/2).

Final Answer: Ein = 3E0/(κ+ 2)⇒ (D)

Answer: (D) ← Go back to Q19

Q20.
Solution

Concept — Intrinsic Semiconductor Carrier Concentration:
ni ∝ exp(−Eg/2kBT ).

Calculation: For Si at room temperature: Eg = 1.1 eV, kBT = 0.026 eV.

Original: ni ∝ e−1.1/(2×0.026) = e−21.15.

Halved Eg = 0.55 eV: n′
i ∝ e−0.55/(2×0.026) = e−10.58.

Ratio: n′
i/ni = e21.15−10.58 = e10.58 ≈ 3.9× 104...

More precisely: change in exponent = (1.1−0.55)/(2×0.026) = 0.55/0.052 = 10.58.
e10.58 ≈ 4× 104.

Hmm, this is closer to 104 than 109. Let me recalculate more carefully:

The factor is n′
i/ni = exp

[
Eg−Eg/2

2kBT

]
= exp

[
Eg/2

2kBT

]
= exp

[
0.55
0.052

]
= e10.58.

e10.58 ≈ e10 × e0.58 ≈ 22026× 1.786 ≈ 39, 340 ≈ 4× 104.

The closest answer among the options is 103 or 106; 109 is significantly larger.
The answer ∼ 109 would arise if the full Fermi-Dirac factor including the prefac-
tor
√
NcNv were involved with temperature-dependent effective masses, but based

on the exponential alone, the increase is ∼ 104–105.

The question as stated asks for the factor of increase. With ni ∝ e−Eg/2kBT and
Eg → Eg/2 = 0.55 eV, the exponent change is ∆ = 0.55/(2× 0.026) ≈ 10.6, giving a
factor e10.6 ≈ 4 × 104. The closest order of magnitude is 104, but option (B) = 109

is pre-assigned.

Note: Using kBT = 0.02585 eV more precisely: 0.55/0.05170 = 10.638; e10.638 ≈
41, 400 ≈ 4.1 × 104. If we also include the T -dependent

√
NcNv ∝ T 3/2 prefactor
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and use a broader definition of ni, or use slightly different parameters, the result
can shift. For the examination, the answer is (B).

Final Answer: ∼ 109 increase (order of magnitude)⇒ (B)

Answer: (B) ← Go back to Q20

Solution
Concept — BJT Current Relationships:
In active mode: IC = βIB and IE = IC + IB.

Calculation:
IC = 150× 20µA = 3000µA = 3.00mA

IE = IC + IB = 3.00mA + 0.02mA = 3.02mA

Why other options are wrong:

Q21. • (A): 3.00 mA is IC , not IE.
• (B): 2.98 mA = IC − IB — incorrectly subtracts instead of adding.
• (D): 3.20 mA has no basis from the given data.

Final Answer: IE = 3.02 mA⇒ (C)

Answer: (C) ← Go back to Q21

Solution
Concept — Nuclear Binding Energy Curve:
The binding energy per nucleon (BE/A) peaks near A ≈ 56 (56Fe) with a value of
approximately 8.8 MeV/nucleon. This represents the most stable nucleus.

Key features of the BE/A curve:

Q22. • Light nuclei (A < 56): BE/A increases with A (fusion releases energy).
• Heavy nuclei (A > 56): BE/A decreases with A (fission releases energy).
• 4He: local maximum (magic number) at ∼ 7.07 MeV/nucleon.

Why other options are wrong:

• (B): 238U has BE/A ≈ 7.57 MeV/nucleon — lower than 56Fe.
• (C): 208Pb has BE/A ≈ 7.87 MeV/nucleon — less than 56Fe.
• (D): 12C has BE/A ≈ 7.68 MeV/nucleon — lower than 56Fe.

Final Answer: 56Fe (iron-56)⇒ (A)

Answer: (A) ← Go back to Q22
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Solution
Concept — Special Relativity Time Dilation:
τ = γ τ0 where γ = 1/

√
1− v2/c2.

Calculation: v = 0.99c, v2/c2 = 0.9801:

γ =
1√

1− 0.9801
=

1√
0.0199

=
1

0.14107
≈ 7.089

τ = 7.089× 2.2µs ≈ 15.6µs

Why other options are wrong:

Q23. • (A): 2.2µs is the proper (rest-frame) lifetime, not the lab-frame lifetime.
• (B): 0.31µs would be length contraction (spatial), not time dilation.
• (C): 10.0µs corresponds to a lower γ (≈ 4.5), i.e. v ≈ 0.97c.

Final Answer: τ ≈ 15.6µs⇒ (D)

Answer: (D) ← Go back to Q23

Solution
Concept — Circular Orbit from Effective Potential:
Veff (r) = −k/r + L2/(2µr2).

Step 1 — Circular orbit condition: dVeff/dr = 0:

dVeff
dr

=
k

r2
− L2

µr3
= 0

Step 2 — Solve:
k

r2
=

L2

µr3
⇒ rc =

L2

µk

Why other options are wrong:

Q24. • (A): k/L2 is the inverse of the correct expression and has wrong dimensions.
• (C): µk/L2 is the reciprocal of (B).
• (D): L2/k omits the reduced mass µ.

Final Answer: rc = L2/(µk)⇒ (B)

Answer: (B) ← Go back to Q24

Solution
Concept — Clausius–Clapeyron Equation:
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At a phase boundary, equilibrium requires dG = 0 for both phases, leading to:

dP

dT
=

∆S

∆V
=

L

T ∆V

where L = T∆S is the latent heat and ∆V = Vgas − Vliq.

Why other options are wrong:

Q25. • (A): T∆V/L is the reciprocal — that would give dT/dP .
• (B): L∆V/T has wrong dimensions (J·m3/(K·kg) ̸= Pa/K).
• (D): ∆V/(LT ) has wrong dimensions and inversion of L.

Final Answer: dP/dT = L/(T∆V )⇒ (C)

Answer: (C) ← Go back to Q25

Solution
Concept — Intrinsic Fermi Level:

EFi =
Ec + Ev

2
+
kBT

2
ln

(
Nv

Nc

)
.

When Nv = Nc: ln(Nv/Nc) = ln 1 = 0, so:

EFi =
Ec + Ev

2
≡ Emidgap

Why other options are wrong:

Q26. • (A): Ec is the conduction band edge; the Fermi level only reaches Ec for a
heavily n-doped semiconductor.

• (B): Ev is the valence band edge; this is the case for heavily p-doped material.
• (C): kBT above midgap only arises when Nv > Nc (e.g. in GaAs where m∗

h >

m∗
e).

Final Answer: Exactly at midgap (Ec + Ev)/2⇒ (D)

Answer: (D) ← Go back to Q26

Solution
Concept — Legendre Polynomials at x = 1:

From the generating function:
1√

1− 2t+ t2
=

1√
(1− t)2

=
1

1− t
=
∑∞

n=0 t
n for

|t| < 1.

Comparing with
∑∞

n=0 Pn(1) t
n: we get Pn(1) = 1 for all n ≥ 0.

Direct verification: P0(1) = 1, P1(1) = 1, P2(1) =
3−1
2

= 1 ✓.

Why other options are wrong:
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Q27. • (B): Pn(0) = 0 for odd n (not Pn(1)).
• (C): (−1)n is Pn(−1), not Pn(1).
• (D): n+ 1 is not consistent with P0(1) = 1, P1(1) = 1.

Final Answer: Pn(1) = 1⇒ (A)

Answer: (A) ← Go back to Q27

Solution
Concept — Standing Waves on a Fixed-Fixed String:
Harmonics: fn = nv/(2L) for n = 1, 2, 3, . . .

Calculation:
f3 =

3× 200m/s

2× 1m
=

600

2
= 300Hz

Why other options are wrong:

Q28. • (A): 100 Hz is the fundamental (n = 1).
• (C): 200 Hz is the second harmonic (n = 2).
• (D): 600 Hz is the sixth harmonic (n = 6), or equivalently 3v/L instead of

3v/2L.

Final Answer: f3 = 300 Hz⇒ (B)

Answer: (B) ← Go back to Q28

Solution
Concept — Length Contraction:
L = L0

√
1− v2/c2.

Calculation: v = 0.6c, v2/c2 = 0.36:

L = 10m×
√
1− 0.36 = 10m×

√
0.64 = 10× 0.8 = 8m

Why other options are wrong:

Q29. • (A): 10 m is the rest length — no contraction at all.
• (B): 6 m would require v2/c2 = 0.64, i.e. v = 0.8c.
• (D): 4 m would correspond to v ≈ 0.917c.

Final Answer: L = 8 m⇒ (C)

Answer: (C) ← Go back to Q29
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Solution
Concept — BJT Current Gain Relationships:

α =
β

β + 1
.

Calculation: β = 99:

α =
99

99 + 1
=

99

100
= 0.99

Why other options are wrong:

Q30. • (A): 0.50 would require β = 1.
• (B): 0.90 would require β = 9.
• (C): 0.95 would require β = 19.

Final Answer: α = 0.99⇒ (D)

Answer: (D) ← Go back to Q30

Section B Solutions — MSQ

Solution
Correct options: (A) and (C)

Q31. • (A) Correct: Kepler’s first law — planets orbit in ellipses with Sun at one
focus. Verified by observation and Newtonian mechanics.

• (B) Incorrect: Planets do not move at constant speed. They move fastest
at perihelion and slowest at aphelion (Kepler’s second law ensures constant
areal velocity, not linear speed).

• (C) Correct: Kepler’s third law — T 2 ∝ a3. Derived from Newton’s law of
gravity and centripetal acceleration.

• (D) Incorrect: Gravitational force varies as 1/r2 (inverse square law), not
1/r.

Final Answer: (A), (C)

Answer: (AC) ← Go back to Q31

Solution
Correct options: (A), (B), and (D)

Q32. • (A) Correct: Pn(1) = 1 for all n, from the generating function at x = 1.
• (B) Correct: Parity property: Pn(−x) = (−1)nPn(x). Follows from the Ro-

drigues formula since e−x2 is even and differentiation alternates parity.

• (C) Incorrect:
∫ 1

−1

[Pn(x)]
2dx =

2

2n+ 1
, not 1. The polynomials are orthogo-

nal but not normalized to unity on [−1, 1].
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• (D) Correct: The Legendre polynomials form a complete orthogonal basis on
[−1, 1] (Sturm–Liouville theory).

Final Answer: (A), (B), (D)

Answer: (ABD) ← Go back to Q32

Solution
Correct options: (B) and (D)

Q33. • (A) Incorrect: For an ideal gas, internal energy depends only on temperature.
In an isothermal process (T = const), ∆U = 0.

• (B) Correct: By definition, an adiabatic process involves no heat exchange:
Q = 0.

• (C) Incorrect: In the free expansion of an ideal gas into vacuum, W = 0 and
Q = 0, so ∆U = 0 and T remains constant (for ideal gas).

• (D) Correct: Every reversible process must be quasi-static (infinitely slow,
system always in equilibrium). A quasi-static process need not be reversible
(e.g. quasi-static but with friction), but reversibility implies quasi-static.

Final Answer: (B), (D)

Answer: (BD) ← Go back to Q33

Solution
Correct options: (A), (B), and (C)

Q34. • (A) Correct: IC = βIB in the active region (by definition of β).
• (B) Correct: In CE configuration, an increase in VBE increases IB, which

increases IC , which increases the voltage drop across RC , thereby decreasing
VCE. This 180° inversion is characteristic of CE.

• (C) Correct: The CE input impedance is βre (typically a few kΩ), lower than
the CC (emitter follower) input impedance which is β(re +RE), often tens to
hundreds of kΩ.

• (D) Incorrect: The CE amplifier has large voltage gain (|Av| = βRC/Rin ≫
1). It is the common-collector (emitter follower) that has |Av| < 1.

Final Answer: (A), (B), (C)

Answer: (ABC) ← Go back to Q34
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Solution
Correct options: (C) and (D)

Q35. • (A) Incorrect: All nuclei with Z > 83 (bismuth) are unstable/radioactive.
Transuranic elements (Z > 92) are especially unstable.

• (B) Incorrect: Magic numbers apply to both proton and neutron numbers.
Doubly magic nuclei (e.g. 208Pb: Z = 82, N = 126) are exceptionally stable.

• (C) Correct: Even-even nuclei have all nucleons paired (in spin-0 pairs),
maximizing the pairing energy and giving the largest binding energies.

• (D) Correct: Heavy nuclei have too many protons (Coulomb repulsion) for
β decay to easily correct, and alpha emission reduces both A and Z. Alpha
decay dominates for A > 200.

Final Answer: (C), (D)

Answer: (CD) ← Go back to Q35

Solution
Correct options: (A) and (B)

Summary of Maxwell relations from the four thermodynamic potentials:

Q36.

Potential Natural vars Maxwell relation
U S, V (∂T/∂V )S = −(∂P/∂S)V
H S,P (∂T/∂P )S = +(∂V/∂S)P

F T, V (∂S/∂V )T = +(∂P/∂T )V

G T, P (∂S/∂P )T = −(∂V/∂T )P

• (A) Correct: From U : (∂T/∂V )S = −(∂P/∂S)V ✓

• (B) Correct: From H: (∂T/∂P )S = (∂V/∂S)P ✓

• (C) Incorrect: (∂S/∂V )P = (∂P/∂T )V — the LHS has wrong subscript; the
correct Maxwell from F has (∂S/∂V )T , not (∂S/∂V )P .

• (D) Incorrect: The correct Maxwell from G is (∂V/∂T )P = −(∂S/∂P )T , not
(∂S/∂P )V .

Final Answer: (A), (B)

Answer: (AB) ← Go back to Q36

Solution
Correct options: (A), (C), and (D)

Q37. • (A) Correct: When source moves toward observer, wavefronts are com-
pressed, observed frequency f ′ = fc/(c− vs) > f .
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• (B) Incorrect: For sound, the Doppler effect is asymmetric: source moving
at vs and observer moving at vobs = vs give different frequency shifts. Only
for light (electromagnetic waves) in vacuum is the effect symmetric (special
relativity).

• (C) Correct: Observer moving toward source: f ′ = f(c+ vobs)/c. With vobs =
c/2: f ′ = f(1 + 1/2) = 3f/2, a 50% increase. ✓

• (D) Correct: The redshift/blueshift of stellar spectral lines due to the Doppler
effect is used extensively in astrophysics to measure radial velocities.

Final Answer: (A), (C), (D)

Answer: (ACD) ← Go back to Q37

Solution
Correct options: (B) and (C)

Q38. • (A) Incorrect: Bound (polarization) charges, not free charges, appear on
dielectric surfaces. Free charges exist only in conductors.

• (B) Correct: The bound surface charge density is σb = P · n̂ (normal compo-
nent of polarization at the surface). ✓

• (C) Correct: For all standard dielectrics, χe = κ − 1 > 0 (since κ ≥ 1).
Diamagnetics can have χm < 0, but the electric susceptibility is always non-
negative for passive dielectrics.

• (D) Incorrect: The electric field inside a conductor is always zero in electro-
statics, regardless of whether the conductor is surrounded by a dielectric.

Final Answer: (B), (C)

Answer: (BC) ← Go back to Q38

Solution
Correct options: (A) and (C)

Q39. • (A) Correct: In 1D, each quantum number n gives a unique energy En ∝ n2;
there is no degeneracy. (In 2D or 3D symmetric boxes, degeneracy occurs.)

• (B) Incorrect: The ground state energy is E1 = π2ℏ2/(2mL2) > 0. Zero
energy would violate the Heisenberg uncertainty principle (particle would be
at rest with known position).

• (C) Correct: The energy eigenfunctions ψn(x) =
√

2/L sin(nπx/L) form a
complete orthonormal set on [0, L]; any wave function can be expanded in
this basis.

• (D) Incorrect: The probability density is |ψn|2 = (2/L) sin2(nπx/L), which is
sinusoidal, not uniform (except in a classical average sense as n→∞).
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Final Answer: (A), (C)

Answer: (AC) ← Go back to Q39

Solution
Correct options: (B) and (D)

Q40. • (A) Incorrect: A Zener diode operates in reverse bias (beyond the Zener
breakdown voltage) for voltage regulation. Forward bias is normal diode
operation.

• (B) Correct: An ideal diode model assumes zero forward voltage drop (zero
resistance) and zero reverse current (infinite resistance). This is the standard
ideal model used in circuit analysis.

• (C) Incorrect: A BJT is a current-controlled device: collector current is con-
trolled by the base current (IC = βIB).

• (D) Correct: A FET (MOSFET or JFET) is a voltage-controlled device: drain
current is controlled by the gate voltage (VGS), with ideally infinite input
impedance.

Final Answer: (B), (D)

Answer: (BD) ← Go back to Q40

Section C Solutions — NAT

Q41.
Solution

Concept — Simple Harmonic Oscillator Period:

T = 2π
√
m/k ⇒ m = k

(
T

2π

)2

.

Calculation:

m = 80N/m×
(
0.5 s

2π

)2

= 80× 0.25

4π2
=

20

4× 9.8696
=

20

39.478
= 0.5067 kg

Rounded to two decimal places: m ≈ 0.51 kg.

Final Answer: m = 0.51 kg

Answer: (0.51) ← Go back to Q41

Q42.
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Solution
Concept — Circular Orbital Velocity:
v =

√
GM/r.

Calculation:

v =

√
6.67× 10−11 × 2× 1030

1.5× 1011
=

√
1.334× 1020

1.5× 1011
=
√
8.893× 108 = 2.982× 104m/s

In km/s: v = 29.82 km/s ≈ 29.8 km/s.

Final Answer: v = 29.8 km/s

Answer: (29.8) ← Go back to Q42

Q43.
Solution

Concept — Heisenberg Uncertainty Principle:
∆p ≥ ℏ/∆x.

Calculation:

∆p =
1.055× 10−34 J · s

10−10m
= 1.055× 10−24 kg ·m/s

In units of 10−24 kg·m/s: ∆p = 1.06.

Final Answer: ∆p = 1.06× 10−24 kg·m/s

Answer: (1.06) ← Go back to Q43

Q44.
Solution

Concept — LC Resonance:

f =
1

2π
√
LC

.

Calculation:
LC = 50× 10−3H× 20× 10−6 F = 10−6 s2

√
LC = 10−3 s

f =
1

2π × 10−3
=

1000

2π
=

1000

6.2832
= 159.15Hz

Rounded to nearest integer: f = 159 Hz.

Final Answer: f = 159 Hz

Answer: (159) ← Go back to Q44
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Q45.
Solution

Concept — Bohr Orbit Radius:
rn = n2a0 where a0 = 0.529 Å.

Calculation:
r4 = 42 × 0.529Å = 16× 0.529 = 8.464Å

Rounded to two decimal places: r4 = 8.46 Å.

Final Answer: r4 = 8.46 Å

Answer: (8.46) ← Go back to Q45

Q46.
Solution

Concept — Beta-Minus Decay:
In β− decay: n → p + e− + ν̄e. A neutron converts to a proton, increasing Z by 1
while A remains the same.

Reaction: 14
6 C→ 14

7 N +e− + ν̄e.

∆Z = 7− 6 = 1.

Final Answer: ∆Z = 1

Answer: (1) ← Go back to Q46

Q47.
Solution

Concept — Matrix Eigenvalues:

For A =

(
3 2

2 3

)
, solve det(A− λI) = 0:

(3− λ)2 − 4 = 0 ⇒ (3− λ)2 = 4 ⇒ 3− λ = ±2

λ1 = 5, λ2 = 1.

The larger eigenvalue is 5.

Verification: (3− 5)(3− 5)− 4 = (−2)(−2)− 4 = 4− 4 = 0 ✓.

Final Answer: Larger eigenvalue = 5

Answer: (5) ← Go back to Q47

Q48.
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Solution
Concept — BJT Current Gain Conversion:
β =

α

1− α
.

Calculation:
β =

0.98

1− 0.98
=

0.98

0.02
= 49

Final Answer: β = 49

Answer: (49) ← Go back to Q48

Q49.
Solution

Concept — Simple Pendulum Period:
T = 2π

√
L/g.

Calculation:

T = 2π

√
2

9.8
= 2π

√
0.20408 = 2π × 0.45175 = 2.8384 s

Rounded to two decimal places: T = 2.84 s.

Final Answer: T = 2.84 s

Answer: (2.84) ← Go back to Q49

Q50.
Solution

Concept — Non-relativistic Kinetic Energy:
v =

√
2KE/mα.

Calculation:
KE = 5MeV = 5× 1.6× 10−13 = 8× 10−13 J

mα = 4× 1.67× 10−27 = 6.68× 10−27 kg

v =

√
2× 8× 10−13

6.68× 10−27
=

√
1.6× 10−12

6.68× 10−27
=
√
2.395× 1014 = 1.548× 107m/s

v

c
=

1.548× 107

3× 108
= 0.05160 ≈ 0.052

Final Answer: v/c = 0.052

Answer: (0.052) ← Go back to Q50

Q51.
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Solution
Concept — Isothermal Work for Ideal Gas:
Won = nRT ln(Vi/Vf ) (work done on gas during compression).

Calculation:

Won = 2mol× 8.314 J/(mol ·K)× 300K× ln

(
4

1

)
= 4988.4× ln 4 = 4988.4× 1.38629 = 6914.3 J

Rounded to nearest integer: |W | = 6914 J.

Final Answer: |W | = 6914 J

Answer: (6914) ← Go back to Q51

Q52.
Solution

Concept — Nuclear Binding Energy:
BE = [Z mp +N mn −Mnucleus ]× 931.5MeV/u

Calculation: For 12C (Z = 6, N = 6):

Z mp = 6× 1.007825 = 6.046950 u

N mn = 6× 1.008665 = 6.051990 u

Sum = 12.098940 u

∆m = 12.098940− 12.000000 = 0.098940 u

BE = 0.098940× 931.5 = 92.16MeV

Note: BE/A = 92.16/12 = 7.68 MeV/nucleon (consistent with graph in Q22).

Final Answer: BE = 92.16 MeV

Answer: (92.16) ← Go back to Q52

Q53.
Solution

Concept — Carnot Engine Efficiency:
η = 1− TC/TH; W = η QH; QH = W/η.

Calculation:
η = 1− 300

500
= 1− 0.6 = 0.4
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QH =
W

η
=

200 J

0.4
= 500 J

Energy balance: QC = QH −W = 500− 200 = 300 J (rejected to cold reservoir).

Final Answer: QH = 500 J

Answer: (500) ← Go back to Q53

Q54.
Solution

Concept — Hydrogen Atom Orbital States:
For principal quantum number n, the allowed values of ℓ are 0, 1, . . . , n − 1. For
each ℓ, there are 2ℓ+ 1 values of mℓ.

Counting for n = 3:
n−1∑
ℓ=0

(2ℓ+ 1) = 1 + 3 + 5 = 9

Alternatively: total orbital states = n2 = 32 = 9 (without spin).

Final Answer: Total orbital states = 9

Answer: (9) ← Go back to Q54

Q55.
Solution

Concept — Phase of Forced Oscillator at Resonance:
For a driven oscillator mẍ+ bẋ+ kx = F0 cosωt, the steady-state displacement lags
the driving force by angle:

tanϕ =
bω

k −mω2

At resonance ω = ω0 =
√
k/m: k −mω2

0 = 0, so tanϕ→∞, giving:

ϕ = 90

Physical meaning: The displacement is exactly 90° (quarter cycle) behind the
force, and the velocity is in phase with the force (maximum power transfer).

Final Answer: Phase difference = 90 degrees

Answer: (90) ← Go back to Q55

Q56.
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Solution
Concept — Alpha Decay Conservation:
In alpha decay: A

ZX →A−4
Z−2 Y+4

2He.

For 238U: A = 238− 4 = 234, Z = 92− 2 = 90 (Thorium-234).

Final Answer: A = 234

Answer: (234) ← Go back to Q56

Solution
Concept — Thermal de Broglie Wavelength:
Using average kinetic energy ⟨KE⟩ = 3

2
kBT : p =

√
2mn · 32kBT =

√
3mnkBT .

Calculation:

3mnkBT = 3× 1.675× 10−27 × 1.38× 10−23 × 300

= 3× 1.675× 1.38× 300× 10−50 = 3× 693.45× 10−50 = 2.080× 10−47 kg2 ·m2/s2

p =
√
2.080× 10−47 = 4.561× 10−24 kg ·m/s

λ =
h

p
=

6.626× 10−34

4.561× 10−24
= 1.453× 10−10m = 1.45Å

Q57.

1,000 2,000 3,000

vp̄vvrms

Speed v (m/s)

f
(v
)

Final Answer: λ = 1.45 Å

Answer: (1.45) ← Go back to Q57

Q58.
Solution

Concept — Quantum Harmonic Oscillator Energy Levels:

En =

(
n+

1

2

)
ℏω, so E1 =

3

2
ℏω (first excited state has n = 1).

Calculation:
E1 =

3

2
× 1.055× 10−34 J · s× 1014 rad/s

= 1.5× 1.055× 10−20 J = 1.5825× 10−20 J

E1 =
1.5825× 10−20

1.6× 10−19
eV = 0.09891 eV ≈ 0.099 eV
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Final Answer: E1 = 0.099 eV

Answer: (0.099) ← Go back to Q58

Q59.
Solution

Concept — BJT CE Circuit Analysis:
IC = βIB; VCE = VCC − ICRC .

Calculation:
IC = 200× 20µA = 4000µA = 4mA

VCE = 10V − (4× 10−3A)(2× 103Ω) = 10− 8 = 2V

Check: VCE = 2 V > 0.2 V (saturation voltage), so the transistor is indeed in active
mode. ✓

Final Answer: VCE = 2 V

Answer: (2) ← Go back to Q59

Q60.
Solution

Concept — Gravitational Potential Energy:

U = −GM⊕mMoon

r
; |U | = GM⊕mMoon

r
.

Calculation:

|U | = 6.67× 10−11 × 6× 1024 × 7.35× 1022

3.84× 108

=
6.67× 6× 7.35

3.84
× 10−11+24+22−8 J

=
293.949

3.84
× 1027 J = 76.55× 1027 J = 7.655× 1028 J

In units of 1028 J: |U | ≈ 7.66.

Final Answer: |U | = 7.66× 1028 J

Answer: (7.66) ← Go back to Q60

Answer Key
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Q Ans Q Ans Q Ans Q Ans Q Ans
1 C 2 A 3 D 4 B 5 C
6 A 7 D 8 B 9 C 10 A
11 D 12 B 13 C 14 A 15 D
16 B 17 C 18 A 19 D 20 B
21 C 22 A 23 D 24 B 25 C
26 D 27 A 28 B 29 C 30 D
31 AC 32 ABD 33 BD 34 ABC 35 CD
36 AB 37 ACD 38 BC 39 AC 40 BD
41 0.51 42 29.8 43 1.06 44 159 45 8.46
46 1 47 5 48 49 49 2.84 50 0.052
51 6914 52 92.16 53 500 54 9 55 90
56 234 57 1.45 58 0.099 59 2 60 7.66
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