IIT JAM Physics
Sample Paper - 1

Instructions

* This paper contains 60 questions carrying a maximum of 100 marks. Duration: 3
hours (180 minutes).

* Section A (Q1-Q30, MCQ): Q1-Q10 carry +1 mark each; wrong response: —%
mark. Q11-Q30 carry +2 marks each; wrong response: —3 mark. Choose the
single best option.

* Section B (Q31-Q40, MSQ): Each carries +2 marks. No negative marking. One
or more options may be correct; full marks only if all correct options are selected;
no partial credit.

e Section C (Q41-Q60, NAT): Q41-Q50 carry +1 mark; Q51-Q60 carry +2 marks.
No negative marking. Enter the numerical value using the virtual keypad (integer
or decimal as appropriate).

* Calculator policy: Personal calculators, log tables, and electronic devices are
strictly prohibited. A virtual scientific calculator is provided in the CBT interface.
Rough sheets are supplied at the examination centre.

* Once you move to the next section, you cannot return to a previous section. Manage
time accordingly.

Section A — Multiple Choice Questions (MCQ)

Q1-Q10: 1 mark each —% for wrong). Choose the single correct option.

Q1. The curl of the vector field F = y? & + 22§ + 0 2 is computed using V x F.
Which of the following correctly gives V x F?

(A) (2y) 2+ (22)9
(B) (20 —2y)z
(C) (2x+2y) 2
(D) (22) & + (2y) 9

Q2. A spring force F'(x) = kx (restoring) acts on a particle. The work done in
displacing the particle from x = 0 to z = a is:

(A) W = ka?

B) W= 21l~ca2
C W= §/<:a2
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Q3.

Q4.

Q5.

Q6.

1
(D) W = ZkaQ

A simple pendulum of length L has time period T'. If its length is quadru-
pled to 4L, the new time period 7" is:

(A) T/2

(B) T/4

(C) 4T

(D) 2T

Two equal point charges ¢ separated by distance r experience a repulsive

force F' as shown. If the separation is tripled to 3r, the new force F” is:
F F
-—s —

+q +q

(A) F/9
(B) F/3
(C) 3F
(D) 9F

An ideal gas is confined in a container of volume V' at pressure P and
temperature 7. If the volume is doubled isothermally (at constant tem-
perature), the new pressure P’ is:

A) P

(B) P/2
(C) 2P
(D) P/4

A photon has frequency f = 6 x 10* Hz. Using h = 6.626 x 1073*Js and
1eV = 1.6 x 10717 J, the energy of this photon in eV is approximately:

(A) 1.24eV
(B) 4.96eV
(C) 2.48eV
(D) 6.20eV
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Q7.

Q8.

Q9.

Q10.

In a simple cubic (SC) unit cell, the atoms are located only at the 8 corners
of the cube. The number of atoms per unit cell is:

(A) 2
(B) 4
Q) 6
D) 1

A p-n junction diode is forward biased. Which of the following correctly
describes its behaviour?

(A) The depletion layer narrows, the barrier potential decreases, and con-
ventional current flows freely from p to n through the junction

(B) The barrier potential increases, opposing current flow

(C) The depletion layer widens, blocking current

(D) The reverse saturation current is greatly increased, so large current
flows in the reverse direction

Isotopes of an element differ from one another in which of the following
ways?

(A) They have the same mass number A but different atomic number 7

(B) They have the same atomic number Z but different mass number A
(different number of neutrons)

(C) They have the same number of neutrons but different atomic number
7

(D) Isobars have the same atomic number Z and different mass number
A

The divergence of the vector field F = 224 +y? 9 + 222is V- F = 22 +
2y + 2z. The value of V - F at the point (1, 1, 1) is:

(A) 2
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(B) 3
(C) 6
(D) 12

Q11-Q30: 2 marks each ( —% for wrong). Choose the single correct option.

Q11. According to the work—energy theorem, the net work done on a body is

Q12.

Q13.

equal to:

(A) The change in potential energy: Wy = APFE

1
2

2

(B) The sum of initial and final kinetic energies: Wyt = mv]% + %mvi

(C) The final kinetic energy alone: Wye = %mvj%
1,2 1, 9

(D) The change in kinetic energy: Whet = smuv; — 3mu;

In a one-dimensional elastic collision, a mass m moving with velocity v,
collides with an identical mass m initially at rest (as shown). After the
collision:

Before After

[m}— [m}—

at rest v=0

(A) The first mass stops and the second mass moves forward with speed
(]

(B) Both masses move together with speed v; /2

(C) The first mass bounces back with speed v; and the second mass re-
mains at rest

(D) Both masses move in the same direction each with speed v,

An LC circuit has inductance L = 10mH and capacitance C' = 10 uF
(shown below). The natural angular frequency of oscillation wj (in rad/s)
is approximately:

collegedunia
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Q14.

Q15.

Q16.

(A) ~ 1000rad/s
(B) ~ 3162rad/s
(C) ~ 1414 rad/s
(D) ~ 6324 rad/s

When an ideal gas expands isothermally (at constant temperature T°), the
first law of thermodynamics AU = ) — W implies that:

(A) The internal energy increases: AU = Q)

(B) No work is done by the gas since temperature is constant

(C) All the heat absorbed by the gas is converted to work on the sur-
roundings: Q = W

(D) The pressure remains constant during the process

In the Bohr model of hydrogen, the electron in the n = 2 state has energy
Es = —3.4€eV and in the ground state £, = —13.6eV. The energy of the
photon emitted when the electron transitions from n = 2 ton = 1 is
shown in the diagram. The photon energy is:

Energy
_____________ n=3, F3=—-151eV
n=2, Fy=—-34eV
hy =7
n=1, EF =—-13.6eV

(A) 3.4eV
(B) 13.6eV
(C) 1.89eV
(D) 10.2eV

Regarding the electrical conductivity of an intrinsic semiconductor as a
function of temperature, which statement is correct?

(A) The conductivity increases with temperature because more electron-
hole pairs are thermally generated across the band gap

(B) The conductivity decreases with temperature like a metal, due to in-
creased phonon scattering

-
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Q17.

Q18.

Q19.

Q20.

(C) The band gap increases with temperature, reducing carrier genera-
tion and thus conductivity

(D) Only electrons contribute to conductivity; holes do not participate in
current conduction

In a common-emitter (CE) BJT amplifier, the phase relationship between
the base input signal and the collector output voltage is:

(A) The output is in phase with the input (0° phase difference)

(B) There is a 180° phase inversion: the output is inverted relative to the
input

(C) The phase difference depends only on the frequency of the input sig-
nal

(D) The output is phase-shifted by 90° with respect to the input

The nuclear radius follows the formula R = R,A'/? where Ry ~ 1.2fm
and A is the mass number. If the mass number doubles (from A to 2A4),
the nuclear radius increases by a factor of:

(A) The nuclear radius doubles

(B) The nuclear radius increases by factor v/2 ~ 1.41
(C) The nuclear radius increases by factor 2/% ~ 1.26
(D) The nuclear radius quadruples

Stokes’ theorem relates a line integral around a closed curve C' to a sur-
face integral over any surface S bounded by C'. The correct statement of
Stokes’ theorem is:

(A)éF-dlz//[/(V F)dv

(3)75 //F is

(C)//VXF dS = ///de
® frea- |

/VXF
C

Two masses are placed on the x-axis: mass 2m at + = 0 and mass m at
x = 3L. The z-coordinate of the centre of mass is:

-
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Q21.

Q22.

Q23.

(A) Zem = LL
3
B) zem = %
Q) zem = ?
(D) zem = 2L
A linear dielectric of relative permittivity ¢, fills a parallel-plate capacitor

(shown below). The displacement field D inside the dielectric is related
to the electric field E by:

+o
— > E, D
Diel ieton)
—_—

(A) D = 80E
(B) D = €OETE
(C) D=¢E

(D) D=¢yc,E—P

A particle of mass m is confined in an infinite square well of width L
with eigenstates ¢, () = \/2/Lsin(nmz/L). The expectation value of the
momentum (p) in the eigenstate v, is:

nmh
A) (p) = hT
(B) (p) = T
@ () =0 .
nim
(D) (p) = T

Boltzmann’s entropy formula is S = kpIn(2, where Q) is the number
of accessible microstates. For a system of 2/N distinguishable particles
each having 2 possible states (spin up or down), the total number of mi-
crostates is 2 = 22V, The entropy S of this system is:

(A) S= Nkpln2
(B) S =2Nkp
(C) S = Nkp

i)
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Q24.

Q25.

Q26.

(D) S =2Nkpln2

In the process of pair production, a gamma-ray photon interacts near an
atomic nucleus to produce a particle-antiparticle pair (as shown schemat-
ically). Which of the following statements is correct?

(A) A gamma-ray photon of energy > 2m,c? = 1.022 MeV near a nucleus
can produce an electron-positron pair

(B) Pair production can occur freely in vacuum without any nearby nu-
cleus

(C) The minimum photon energy required for pair production is 0.511 MeV
(the rest energy of one electron)

(D) Pair production converts a photon into a proton and an antiproton

Light travels from glass (n; = 1.5) into air (n, = 1.0) at an angle of
incidence ¢, = 20°. Applying Snell’s law 7, sin §; = ny sin 5, the angle of
refraction 6, is approximately:

(A) 65 ~ 20.0°
(B) 6 =~ 30.9°
(C) 05 ~ 45.0°
(D) 65 =~ 15.0°

The angular impulse-momentum theorem states that a torque 7 applied
to a rigid body (initially at rest) for a time interval At produces a final
angular momentum Ly, (shown schematically). The correct expression
for Lgng is:
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Q27.

Q28.

Q29.

Q30.

(A) Leina = T2 At
-

(B) Lﬁnal — A_t

(@) Lna = 7 At

(D) Lfina = VT At

In 57 decay (positron emission), which of the following correctly de-
scribes the process?

(A) The mass number A decreases by 1 while Z is unchanged

(B) The atomic number Z increases by 1 while A is unchanged

(C) A neutron is emitted from the nucleus, decreasing A by 1

(D) The atomic number Z decreases by 1, the mass number A is un-
changed, and a positron and a neutrino are emitted

A solenoid has N = 1000 turns, cross-sectional area A = 1 cm? = 1074 m?,
and length ¢ = 0.2m. Its self-inductance L = pugN2A/¢ (with pg = 4 x
10-"H/m) is approximately:

(A) ~ 0.63mH
(B) ~ 6.28 mH
(C) =~ 0.063 mH
(D) ~ 63mH

For a hydrogen atom with principal quantum number n = 2, the total
number of distinct quantum states (including both orbital and spin quan-

tum numbers, i.e. using n, ¢, my, my) is:

(A) 4
(B) 8
(C) 6
(D) 2

A square matrix A is said to be singular if det(A) = 0. Which of the
following correctly characterises a singular matrix?

(A) All eigenvalues of a singular matrix are necessarily zero
(B) A singular matrix always has a unique inverse

-
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(C) A singular matrix has det(A) = 0, at least one eigenvalue equal to
zero, and its rows (or columns) are linearly dependent
(D) A singular matrix has det(A) = 1 and all eigenvalues are +1

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 (and no incorrect options) are chosen.

Q31. Which of the following statements about the work—energy theorem are

Q32.

Q33.

correct?

(A) The work-energy theorem applies to both constant and variable forces

(B) For any particle, the net work done equals the change in kinetic en-
ergy: Whee = AKFE

(C) Work done by kinetic friction on a sliding block is always positive

(D) For uniform circular motion at constant speed, the net work done by
the centripetal force is zero

For capacitors connected in series, which of the following statements are
correct?

(A) Each capacitor stores the same charge () on its plates

(B) Each capacitor has the same voltage across it (regardless of capaci-
tance values)

(C) The reciprocal of the equivalent capacitance equals the sum of recip-
rocals: 1/Cioa = 1/Cy +1/Cy + -

(D) The total voltage across the combination equals the sum of individual
voltages: Vigal = V1 + Vo + - -

Which of the following statements correctly describe the second law of
thermodynamics?

(A) Heat flows spontaneously from a cold body to a hot body

(B) The entropy of an isolated system tends to increase (or remain con-
stant) over time

(C) A perfectly efficient heat engine that converts all absorbed heat to
work would violate the second law (Kelvin—Planck statement)

-
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Q34.

Q35.

Q36.

Q37.

(D) Every adiabatic process necessarily has AS = 0

Which of the following are required properties of physically acceptable

wave functions ¢ (r, t) in quantum mechanics?

(A) v must be single-valued, continuous, and finite (square-integrable)

(B) The quantity |¢|* represents the probability density of finding the
particle at position r

(C) The wave function ) must always be real-valued

(D) + must be normalisable: [~ _[¢[*dV =1

In the free electron model of metals, which of the following statements
are correct?

(A) The electrical conductivity of a metal decreases with increasing tem-
perature due to enhanced phonon scattering

(B) At absolute zero temperature (7' = 0), all free electrons participate
equally in electrical conduction

(C) At temperatures well above the Debye temperature, the electrical re-
sistivity p oc T’

(D) The thermal and electrical conductivities of a metal are related by the
Wiedemann-Franz law: x/(¢T) = Ly = const

For a real symmetric matrix S (i.e. S = S7, all entries real), which of the

following statements are true?

(A) All eigenvalues of S are real

(B) Eigenvectors corresponding to distinct eigenvalues of S are orthogo-
nal

(C) The trace of S equals the product of its eigenvalues

(D) The determinant of S equals the product of its eigenvalues

Which of the following conservation laws hold in nuclear reactions?

(A) Mass number A is not conserved in nuclear reactions (nucleons can
be created or destroyed)
(B) Total energy (including rest-mass energy: E = mc?) is conserved

-
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(C) Electric charge (equivalently, atomic number %) is conserved
(D) The individual quark flavour numbers are always conserved in every
nuclear interaction

Q38. Which of the following statements about the interference of light are cor-
rect?

(A) Sustained (stable) interference fringes require two coherent light sources

(B) Incoherent sources such as two ordinary light bulbs can produce sus-
tained interference fringes

(C) In Young’s double-slit experiment, the fringe width is 5 = AD/d,
where D is the screen distance and d is the slit separation

(D) At positions of bright (constructive) interference fringes, the path
difference is an integer multiple of the wavelength: A = n\ (n =
0,+1,42,..)

Q39. Which of the following statements about p-n junction diodes are correct?

(A) In forward bias, the built-in barrier potential decreases

(B) In forward bias, the depletion layer width decreases (narrows)
(C) The reverse saturation current /; is independent of temperature
(D) The diode current-voltage (/-V") characteristic is linear (ohmic)

Q40. Which of the following statements about the Maxwell-Boltzmann speed
distribution are correct?

(A) The Maxwell-Boltzmann distribution describes the speed distribution
of particles in an ideal gas in thermal equilibrium
(B) The mean speed (v) equals the most probable speed v; for all tem-

peratures

(C) Astemperature increases, the entire distribution shifts towards higher
speeds

(D) The most probable speed is vy = \/2kpT /m, where m is the particle
mass

Section C — Numerical Answer Type (NAT)

Q41-Q50: 1 mark each. No negative marking. Enter the exact numerical value.

12
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Q41.

Q42.

Q43.

Q44.

Q45.

Q46.

Q47.

A simple pendulum has length L = 1.0m. Taking g = 9.8 m/s?, calculate
the time period T of oscillation in seconds, correct to two decimal places.

A parallel-plate capacitor has plate area A = 20 cm? and plate separation
d = 2mm. Calculate the capacitance C' in picofarads (pF), correct to two
decimal places. (Take ¢y = 8.854 x 10712 F/m.)

An electron is accelerated through a potential difference of V' = 200V.
Calculate its de Broglie wavelength ) in angstroms (A), correct to two
decimal places. (Take h = 6.626 x 1073*Js, m, = 9.11 x 1073 kg, e =
1.6 x 10719C.)

Calculate the root-mean-square speed v;ns (in m/s, to the nearest integer)
of oxygen (O,) molecules at 7' = 400 K. (Molar mass of O, = 32 g/mol;
R =8314Jmol 'K™.)

Calculate the activity A (in Bq, to the nearest integer) of a 1 ug sample
of Ra. (Half-life T}, = 1600yr; 1yr = 3.156 x 10"s; Ny = 6.022 x
10% mol~'; molar mass = 226 g/mol.)

Copper has an FCC crystal structure. In FCC, atoms touch along the
face diagonal so that 4r = a+/2, giving a = 2v/2r. For atomic radius
r = 1.28 A, calculate the lattice parameter « in angstroms, correct to two
decimal places.

Wr = a\/2

1 2
Find the larger eigenvalue of the matrix (2 1) .

Q48. A series RLC circuit is at resonance. The inductance is L = 0.5H and the

capacitance is C' = 50 uF = 5 x 107° F. Calculate the resonance frequency
f in hertz, to the nearest integer.

-
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Q49.

Q50.

An inverting op-amp amplifier has feedback resistor Ry = 30k(2 and input
resistor Ry, = 10k(). For an input voltage Vi, = 1.5V, determine the
magnitude |V5y| in volts.

A thin uniform rod of mass m = 0.5kg and length . = 0.6 m rotates
about an axis through its centre perpendicular to its length. Calculate
its moment of inertia I (in kg m?), correct to three decimal places. (Use
I =mL?/12.)

Q51-Q60: 2 marks each. No negative marking. Enter the exact numerical value.

Q51.

Q52.

Q53.

Q54.

An electric field of magnitude £ = 2 x 10°V/m exists in vacuum (as
shown between two parallel plates). Calculate the energy density u =
g0 E%/2 of this electric field in J/m?, correct to two decimal places. (Take
g9 = 8.854 x 107?F/m.)

For a particle in a one-dimensional infinite square well (particle in a box),
the energy eigenvalues satisfy £, oc n?. Calculate the ratio £3/FE; of the
energy of the n = 3 state to the energy of the n = 1 (ground) state.

Two moles of an ideal gas expand reversibly and isothermally at tem-
perature 7' = 500K from initial volume V; to final volume V; = 3V,.
Calculate the work done by the gas in joules, to the nearest integer.
(R =8.314Jmol 'K™!, In3 = 1.0986.)

Estimate the Fermi energy Er (in €V, correct to two decimal places) for

lithium (Li), treating the conduction electrons as a free electron gas with
h? :
(37%n)%3 with h =
m

1.055 x 10734 Js, m, = 9.11 x 1073 kg, 1eV = 1.6 x 1071°J.

-
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Q55.

Q56.

Q57.

Q58.

Q59.

Q60.

An electron is confined in a one-dimensional infinite square well (shown
below) of width L = 2A = 2x 1071 m. Calculate the ground-state energy
Ey = 7?h?/(2m.L?) in eV, correct to two decimal places. (h = 1.055 x
10734 Js, me = 9.11 x 1073 kg, 1eV = 1.6 x 10719J.)

A stretched string of length . = 2m is fixed at both ends and is under
tension 7' = 80 N. The linear mass density of the string is ;. = 0.05 kg/m.
Calculate the frequency (in Hz) of the fundamental mode of transverse
vibration.

A radioactive sample initially contains N, = 10" atoms. After exactly 4
half-lives have elapsed, how many undecayed atoms N remain? Express

your answer as an integer.

o

Evaluate the definite integral [ = / e~ dz, correct to three decimal
—00

places. (Hint: use the standard Gaussian result [* e~ dx = \/7/a.)

An RC circuit has resistance R = 2.2k} = 22002 and capacitance C' =
470 uF = 470 x 1079F. Calculate the time constant 7 = RC in seconds,
correct to three decimal places.

A photon has energy E = 3.10eV. Calculate its wavelength A\ = hc¢/FE in
nanometres, correct to two decimal places. (Take h = 6.626 x 10734 Js,
¢c=3x10°m/s, 16V = 1.6 x 10719J.)
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Solutions
IIT JAM Physics — Sample Paper 1

Section A Solutions — MCQ

/_m A

Concept — Curl of a Vector Field:
The curl V x F of avector field F = F, z + F,y + F, 2 is:

OF, OF, 0F, OF 0F, OF
F: 2 _ 7Y P & _ 2 > -y x %
VX <(9y 8z)x+<6’z 8x)y+<5’x 8y)z

Step 1 — Identify components:
E, =2, F, = 2?2, F,=0.

Step 2 — Compute each component:

_OF. 0F,

F), = —¥— =
(VxF) o o 0=0
OO B
(VXF)y_aZ_a_x_O_O_O
oF, OF
F),=2-Y_——2%=9;-2
(VxF).=—> oy W
Therefore V x F = (2z — 2y) 2.
Final Answer: (2z — 2y) Z = (B)
Why other options are wrong:
Q1. * (A) (2y)Z + (2z)y: These are components of the gradient, not the curl.

* (O) (2z + 2y)z: The sign between 0F),/0x and 0F,/Jy is minus, not plus.
* (D) (22)& + (2y)y: This is VF, or similar; curl must give a z-component here.

\ J/

‘Answer: (B) ‘<— Go back to Q1

/_m ~

Concept — Work Done by a Variable Force:

2
The work done by a force F'(x) over displacement from x; to z, is W = / F(z)dx.
x1

Step 1 — Integrate:

@ 2% 1 5
W—/kxda)—k{?] —§ka

17
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Note: The question states F'(x) = kz as a restoring (spring) force. The work done

by this force from z = 0 to z = a (moving in the positive z-direction) is W = 1ka?.
1

Final Answer: W = 5ka2 = (C)

Why other options are wrong:

Q2. * (A) ka?: Off by factor of 2; forgets to integrate (treats force as constant).
* (B) 2ka?: Four times too large.
* (D) jka®: Incorrect integration; off by factor of 2.

\ J

‘Answer: (9 ‘<— Go back to Q2

B Solution | \

Concept — Period of a Simple Pendulum:
The period of a simple pendulum of length L is T' = 27\/L/g.

Step 1 — New period with I/ = 4L:

41 L L
T =21y | = =27V4, [ = =2 x 214 | = = 2T
g g g

Final Answer: 7" = 27 = (D)

Why other options are wrong:

Q3. * (A) T/2: Would require L to be reduced to L/4, not quadrupled.
e B)T/4: T v/L; halving T requires L/4.
e (C) 4T: Would require L to increase by a factor of 16 (since v/16 = 4).

. J

\Answer: (D) \<— Go back to Q3

a8 Solution | \

Concept — Coulomb’s Law:

F = kch—;h The force is inversely proportional to the square of the separation.
T

Step 1 — New force with separation ' = 3r:

S S SR
(3r)? 92z 9 72

q° ¢ 1 ¢ F
9

Final Answer: F' = F'/9 = (A)

Why other options are wrong:

-
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Q4.

PV PV P
P = Pl 4 Pl = = — = —
V=rv = Vi T2y 2
Final Answer: P’ = P/2 = (B)
Why other options are wrong:
Q5. * (A) P: Pressure unchanged would require VV unchanged (not the case here).

Q4. * (A) 1.24eV: Corresponds to f = 3 x 104 Hz (half of the given frequency).

* (B) F'/3: Applies an inverse-first-power law instead of inverse-square.

* (C) 3F: Treats force as directly proportional to r; incorrect.

* (D) 9F': Applies the force increasing with separation; contradicts Coulomb’s
law.

\ J

|Answer: (A) - Go back to Q4

a8 Solution | \

Concept — Boyle’s Law (Isothermal Process):

For an ideal gas at constant temperature: PV = constant.

Step 1 — Apply Boyle’s law:
If V! = 2V at the same temperature 7":

* (C) 2P: Pressure doubling would require halving the volume.
* (D) P/4: Pressure quartered would require quadrupling the volume.

\ J/

\Answer: (B) ‘+ Go back to Q5

o _Solution _ \

Concept — Photon Energy:
The energy of a photon of frequency f is £ = hf.

Step 1 — Compute energy in joules:

E=hf=6.626x10Js x 6 x 10" Hz = 39.756 x 1072°J = 3.976 x 10~ J

Step 2 — Convert to eV:

_3.976 x 10719

16 < 10- eV = 2.485eV ~ 2.48 eV

Final Answer: F ~ 2.48eV = (C)

Why other options are wrong:
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* (B) 4.96 eV: Double the correct value; error in conversion by factor of 2.
* (D) 6.20eV: More than twice the correct value; no physical basis.

|

Answer: (C) \<— Go back to Q6

a8 Solution | \

Concept — Atoms per Unit Cell (Simple Cubic):
In an SC unit cell, atoms sit only at the 8 corners. Each corner atom is shared

among 8 neighbouring unit cells.

Step 1 — Count atoms:

1
Atoms per unit cell = 8 corners x 3= 1

Final Answer: 1 atom per unit cell = (D)
Why other options are wrong:

* (A) 2: This is the count for BCC (1 body-centre + 8 cornersx% =2).
* (B) 4: This is the count for FCC (6 face-centresx ; + 8 cornersx i = 4).

* (C) 6: No standard cubic structure has 6 atoms per unit cell.

\ J/

|

Answer: (D) \<— Go back to Q7

— \

Concept — Forward-Biased p-n Junction:
When the p-side is connected to the positive terminal and the n-side to the negative
terminal of a battery, the junction is forward biased.

Key effects of forward bias:

* The applied voltage opposes the built-in potential (barrier potential), so the
barrier potential decreases.

* The depletion layer narrows as majority carriers are pushed towards the junc-
tion.

* Current flows easily: conventional current from p to n (through the external
circuit, from n to p).

Final Answer: Depletion layer narrows, barrier potential decreases, current flows
= (A)

Why other options are wrong:

* (B) Barrier potential increases: This occurs in reverse bias.
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* (C) Depletion layer widens: Also a feature of reverse bias.
* (D) Large reverse current: Reverse saturation current is tiny; large forward

current, not reverse.

\Answer: (A) \<— Go back to Q8

a8 Solution |

L

Concept — Isotopes vs Isobars:

Isotopes: Atoms of the same element (same ) but different mass numbers (A),
i.e. different numbers of neutrons. Example: 'H, 2H (deuterium), *H (tritium).
Isobars: Atoms with the same A but different Z. Example: “°Ar and “°Ca.

Final Answer: Isotopes have the same Z but different A = (B)

Why other options are wrong:

* (A) Reverses the definition: “same A, different Z” is the definition of isobars.
* (C) Same number of neutrons but different Z describes isotones, not isotopes.
* (D) Reverses the isobar definition: isobars have the same A and different Z

(not the same Z and different A).

|Answer: (B) k- Go back to Q9

a8 Solution |

Concept — Divergence of a Vector Field:
ForF=F 2+ F, g+ F,z%:

OF, OF, OF,

.F =
v 8x+8y+8z

Step 1 — Compute divergence:
With F, = 22, F, = %, F, = 2%

V-F=2x+2y+2z2

Step 2 — Evaluate at (1,1,1):

V-F|

1,1,1

Final Answer: 6 = (C)

Why other options are wrong:

-
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Q10. * (A) 2: Uses only one term 2x|,—;; forgets the other two components.
* (B) 3: Uses 2 + 2 + 2 = 6 but divides by 2 without reason.
* (D) 12: Doubles the correct answer; possibly uses 2(2z + 2y + 2z).

\Answer: Q) \<— Go back to Q10

a8 Solution | \

Concept — Work-Energy Theorem:

The work—energy theorem states: the net work done by all forces acting on a parti-
cle equals the change in its kinetic energy.

1 1
Whet = AKE = §mvj2c = §mvf

This follows directly from Newton’s second law integrated over displacement: W =

[Fde=m [ade=m [vdv=3mvi— imuv}.
1
)

1

Final Answer: Wye = 5muv} — 3mof = (D)

Why other options are wrong:

Q11. * (A) W = APE: This is the definition of conservative force work (with a sign),
not net work.

e B)W = %mv]% + imv?: Sum (not difference) of kinetic energies; physically
meaningless.

s (OW = %mv}%: Ignores initial kinetic energy; only valid if particle starts from

rest.
\ J

\Answer: (D) \<— Go back to Q11

— \

Concept — 1D Elastic Collision Between Equal Masses:
For a 1D elastic collision between two equal masses m, where mass 1 has initial

velocity v; and mass 2 is at rest:

Using conservation of momentum (mv; = mv| + mvj) and kinetic energy (%mv% =

Looa2 4 10002y,
5Muy + 5muy):

Step 1 — Solve simultaneously:
m—m 2m

!/ !/
m+m ’ m+m

Result: The first mass stops completely (v; = 0) and the second mass moves with
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the full initial velocity of the first (v, = v;). This is the classic “Newton’s cradle”
result.

Final Answer: First mass stops; second moves with speed v; = (A)
Why other options are wrong:

* (B) Both move at v; /2: This is the perfectly inelastic collision result (they stick
together).

* (C) First bounces back at v;: Would apply if the second mass were much
heavier (like hitting a wall).

* (D) Both move with v;: Violates conservation of momentum (2muv; # mu;).

L

|

Answer: (A) ‘<— Go back to Q12

Q13.

a8 Solution |

Concept — Natural Frequency of an LC Oscillator:
For an ideal LC circuit, energy oscillates between the inductor (magnetic field) and
capacitor (electric field) at:

Step 1 — Substitute values:
L=10mH=10x 10*H=10"2H; C =10uF = 10 x 107F = 107°F.

Step 2 — Compute:
LC=10"2%2x%x10"°=10""HF
VLC =vV10-7=1073° =3.162 x 10~*s

|
=— " =x~31
= 36a x 1071 2102rads

Final Answer: w, ~ 3162rad/s = (B)

Why other options are wrong:

* (A) 1000rad/s: Would require LC = 1075, e.g., L = 10mH, C = 100 yF.

e (C) 1414rad/s: Off by v/2; no physical basis from these L, C values.

* (D) 6324 rad/s: Exactly twice the correct answer; error in handling the square
root.

\_

\Answer: (B) ‘e Go back to Q13
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Q14.

a8 Solution | \

Q15.

\

Concept — First Law of Thermodynamics for Isothermal Process:
First law: AU = @ — W (where W is work done by the gas).

Key fact for ideal gas: The internal energy U of an ideal gas depends only on
temperature 7'. In an isothermal process, 1" = const, so:

AU=0= Q=W

All heat absorbed by the gas is converted entirely into work done by the gas on the
surroundings.

Final Answer: () = W (all absorbed heat becomes work) = (C)
Why other options are wrong:

* (A) AU = Q: This would mean W = 0, which contradicts the expansion.

* (B) No work done: For an expanding gas, work W = [ PdV # 0.

* (D) Pressure constant: Constant pressure defines an isobaric (not isothermal)
process.

\Answer: (9 \<— Go back to Q14

o _Solution _ \

&

Concept — Photon Energy from Hydrogen Transition:
The energy of the emitted photon equals the difference in energy between the two
levels.

Step 1 — Compute |E; — E|:

hv =|Ey — Ey| = | — 3.4 — (—13.6)| eV = [10.2| eV = 10.2 eV

This corresponds to the Lyman-alpha line (121.6 nm), the most energetic transition
in the Lyman series.

Final Answer: hr = 10.2€eV = (D)
Why other options are wrong:
* (A) 3.4€V: This is | E;|, not the transition energy.
* (B) 13.6€V: This is |E,|, the ionisation energy from ground state; not this
transition.

* (C) 1.89eV: This corresponds to the n = 3 — n = 2 transition (H-alpha line
in the Balmer series), not 2 — 1.

\Answer: (D) \<— Go back to Q15
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a8 Solution | \

Concept — Conductivity of Intrinsic Semiconductors:

The electrical conductivity of an intrinsic semiconductor is ¢ = ney. + peu,, where
n = p = n; (intrinsic carrier concentration).

Key result: The intrinsic carrier density depends exponentially on temperature:

E
n; o T3/ eXp(_QkBgT)

—E4/2kpT

As T increases, the Boltzmann factor e grows rapidly, generating more

electron-hole pairs and increasing o. This behaviour is opposite to metals.

Final Answer: Conductivity increases with 7' (more thermally generated carriers)
= (A)

Why other options are wrong:

Q16. * (B) Decreasing conductivity: Metals decrease due to phonon scattering; in-
trinsic semiconductors behave oppositely.

* (C) Band gap increases with 7": In most semiconductors E,, slightly decreases
with 7'; carrier density still grows due to Boltzmann factor.

* (D) Only electrons contribute: Both electrons (in conduction band) and holes
(in valence band) carry current in intrinsic semiconductors.

& J

‘Answer: (A) ‘<— Go back to Q16

a8 Solution | .

Concept — Common-Emitter BJT Amplifier Phase Relationship:

In a common-emitter (CE) configuration, an increase in the base current /3 causes
an increase in collector current I = 1z, which increases the voltage drop across
the collector resistor R¢, decreasing the collector voltage Vo = Voo — Ic Re.

Result: When the input (base) signal goes positive, the output (collector) voltage
goes negative. This constitutes a 180° phase inversion.

Voltage gain: A, = —g,,Rc (negative sign confirms inversion).

Final Answer: 180° phase inversion between base input and collector output =
(B)

Why other options are wrong:

Q17. * (A) In phase: True for a common-collector (emitter follower) or common-base
configuration.

* (C) Frequency-dependent: The 180° inversion is a DC/low-frequency prop-
erty, not frequency-dependent (at midband).
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* (D) 90° shift: A 90° phase shift occurs in RC or LC networks, not resistively
loaded CE amplifiers at midband.

\Answer: (B) ‘<— Go back to Q17

a8 Solution | \

Concept — Nuclear Radius Formula:
R = RyAY3,s0 R x A3,

Step 1 — Ratio of radii:

R(2A)  Ry(24)'/?

— = 21/3 ~1.2599 ~ 1.26
R(A) ~ RyA/3

Final Answer: Radius increases by factor 2'/% ~ 1.26 = (C)
Why other options are wrong:

Q18. * (A) Doubles: Would require R « A; nuclear density is approximately con-
stant, so R oc A3,

e (B) Factor v/2: Arises from a A'/2 law, not A'/3.

* (D) Quadruples: Would require R o A?; nuclear radii grow much more

slowly.

& J/

‘Answer: (9] ‘<— Go back to Q18

a8 Solution | \

Concept — Stokes’ Theorem:
Stokes’ theorem converts a line integral around a closed curve C' into a surface
integral over any surface S bounded by C' (with consistent orientation):

ﬁFdl://S(VxFde

The integrand on the right involves the curl of F, not F itself.

Final Answer: § F-dl = [[(V xF)-dS = (D)

Why other options are wrong:

Q19.  * (A) This is the divergence theorem (Gauss’s theorem): ¢ F -dS = [[[ (V-
F)av.

* (B) Equates a line integral to a surface integral of F' (not its curl); this is not
a standard theorem.
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* (C) Equates a surface integral of V x F to a volume integral of F; no standard
identity.

\Answer: (D) \<— Go back to Q19

Q20.

\

a8 Solution | \

Concept — Centre of Mass:
Z Ty
€T =
cm Z ml
Step 1 — Apply formula:

mp=2matz; =0, my = m at xy, = 3L.

2m -0+ m - 3L B 0+3mL_3mL
2m +m N 3m " 3m

=L

Lem =

Final Answer: z., = L = (A)
Why other options are wrong:

* (B) 3L/2: Arithmetic mean of positions, ignoring mass weighting.

* (C) 2L/3: Inverts the mass weighting (heavier mass at x+ = 0 pulls c.m. to-
wards origin).

* (D) 2L: No physical basis from these values.

‘Answer: (A) ‘% Go back to Q20

Q21.

B Solution | \

Concept — Displacement Field in a Linear Dielectric:
In a linear isotropic dielectric, the displacement field D and electric field E are
related by:

D =c¢E = ¢y, E

where ¢ is the permittivity of free space and ¢, is the relative permittivity (dielectric
constant).

Gauss’s law for dielectrics: V - D = pge. (only free charges appear on the right).
Final Answer: D = ¢y, E = (B)

Why other options are wrong:

* (A) D = gE: Valid only in vacuum (e, = 1); inside a dielectric ¢, > 1.

* (C) D = ¢, E: Missing ¢y; dimensionally inconsistent.

* (D) D = ¢y, E — P: By definition D = ¢gE + P, so D — gpe, E =P — g¢(e, —
1)E = 0 — option (D) rearranges incorrectly.
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\Answer: (B) ‘+ Go back to Q21

Q22.

o _Solution

L

Concept — Expectation Value of Momentum in Infinite Square Well:
The eigenstate is ¢, () = /2/Lsin(nmz/L), which is a real function.

Step 1 — Compute (p):

(L 0 [t dy,
<p>—/0 v (—zh%) wnda:——zh/o Yt da

. . d, 1dy?
l: ¢, —— = =—L=.
Since 1), is real: ¥ . 5 o
Step 2 — Integrate:
r dy;, 21L

(Since v,,(0) = 1, (L) = 0 for the infinite square well.)
Therefore (p) = —ih x 0 = 0.

Physical interpretation: The particle travels equally to the right and left
(£nmh/L), averaging to zero.

Final Answer: (p) = 0 = (C)
Why other options are wrong:

* (A) and (D): The momentum eigenvalues are tnnh/L, but the expectation
value averages them to zero.
* (B) i/L: Has no physical basis from the wave function.

‘Answer: (9 ‘e Go back to Q22

a8 Solution |

Concept — Boltzmann Entropy:
S=kglnQ

Step 1 — Identify Q:

2N distinguishable particles, each with 2 states: Q = 22V,

Step 2 — Compute entropy:
S =kgln(2*) =kp-2NIn2 = 2NkpIn?2

Final Answer: S = 2NkgIn2 = (D)

Why other options are wrong:

-

collegedunia

28


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

IIT JAM Sample Paper Physics

Q23.

\_

* (A) NkplIn2: Correct formula for N particles with 2 states each; here we have
2N particles.

* (B) 2Nkp: Missing the In 2 factor; In(22¥) = 2N In 2, not 2N.

* (C) Nkp: Lacks both the factor of 2 (for 2V particles) and In 2.

‘Answer: (D) ‘<— Go back to Q23

B Solution | .

Q24.

\_

Concept — Pair Production:

Pair production is the conversion of a high-energy photon into an electron-positron
pair: vy — e~ +e™.

Energy threshold: The minimum photon energy equals the combined rest-mass
energy of the pair:

Why a nucleus is needed: A nucleus (or another charged particle) must be nearby
to absorb the recoil momentum. A photon cannot produce a pair in free vacuum
alone because it is impossible to simultaneously conserve both energy and momen-
tum without a third body.

Final Answer: Pair production requires £, > 1.022 MeV near a nucleus = (A)

Why other options are wrong:

E, > 2m.c® =2 x 0.511 MeV = 1.022 MeV

* (B) In vacuum alone: Forbidden by simultaneous conservation of energy and
momentum.

* (C) Minimum energy 0.511 MeV: This is one electron’s rest energy; two parti-
cles require 2 x 0.511 = 1.022 MeV.

* (D) Proton-antiproton pair: Possible only for photons of energy > 2m,c* ~
1876 MeV, not typical pair production.

\Answer: (A) \e Go back to Q24

B Solution | \

Concept — Snell’s Law of Refraction:

nysin 67 = nq sin 6y

Step 1 — Substitute:

@ 15 2
Sy = AL jzm — 1.5 x 0.3420 = 0.5130
o .
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Q23.

L

Step 2 — Find angle:

0, = arcsin(0.5130) ~ 30.88 ~ 30.9

Since ny < n; (going from dense to rare medium), the refracted ray bends away
from the normal (f; > 6#;). Note: the critical angle for this glass-air interface is
0. = arcsin(1/1.5) = 41.8, so total internal reflection does not occur here.

Final Answer: 0, ~ 30.9 = (B)
Why other options are wrong:

* (A) 20: Equal to incidence angle; this would mean n; = ny (no refraction).

e (C) 45: sin45 = 0.707 > nq sin b /ny = 0.513; incorrect.

* (D) 15: Would require light bending toward the normal (into a denser
medium), but ny, < n;.

‘Answer: (B) ‘(— Go back to Q25

Q26.

a8 Solution | \

\_

Concept — Angular Impulse-Momentum Theorem:
Analogous to the linear impulse-momentum theorem (FAt¢ = Ap), the rotational
version is:

T At = AL

For a rigid body starting from rest (L, = 0) with a constant torque 7 applied for
time At:
Léna = Li + TAt=0+7At =7 At

Final Answer: Lg,q = 7 At = (C)

Why other options are wrong:

* (A) 72At: Has wrong dimensions; [72At] = N?’m?s # Nms = kgm”/s.
e (B) 7/At: Dimensionally [r/At] = Nm/s = kgm”/s?; wrong.
* (D) V7 At: Not the correct formula; the square root has no physical basis.

‘Answer: (0) ‘<— Go back to Q26

Concept — Beta-Plus (57) Decay: }
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Q27.

In S+ decay, a proton inside the nucleus converts to a neutron:
p—n-+ et + Ve

where e" is a positron and v, is an electron neutrino.
Consequences:

* Mass number A (total nucleons) is unchanged: one proton becomes one neu-
tron.

* Atomic number Z decreases by 1 (one less proton).

* A positron (e™) and a neutrino (v,) are emitted.

Notation: 4X — 2 Y +et +v..
Final Answer: Z decreases by 1; A unchanged; positron and neutrino emitted =
(D)

Why other options are wrong:

* (A) A decreases by 1: In 8 decay the total number of nucleons is conserved;
A is unchanged.

* (B) Z increases by 1: That is 5~ decay (neutron — proton); S+ is the reverse.

* (C) Neutron emitted: ' decay emits a positron, not a neutron. Neutron

emission is a separate process.

L

‘Answer: (D) ‘<— Go back to Q27

a8 Solution |

Concept — Self-Inductance of a Solenoid:
o N2 A
L=
14
Step 1 — Substitute:

_ Am x 1077 x (1000)? x 107 47 x 1077 x 10° x 10~

L
0.2 0.2

B 41 x 1075
0.2
=20 % 3.14159 x 107° = 62.83 x 107°H = 6.283 x 107*H ~ 0.628 mH ~ 0.63 mH

=471 x107° x5 =201 x 10°H

Final Answer: L ~ 0.63mH = (A)

Why other options are wrong:

Q28. * (B) 6.28 mH: Off by factor of 10; result if / = 0.02 m instead of 0.2 m.

e (C) 0.063mH: Off by factor of 10 in the other direction.
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Q2

* (D) 63mH: Off by factor of 100; perhaps used N? = 10° without accounting
for A/¢.

‘Answer: (A) ‘% Go back to Q28

B Solution |

Concept — Degeneracy of Hydrogen Energy Levels:
For a given principal quantum number n:

9. * ({=0,1,2,...,n — 1 (i.e. n values)

e Foreach (: my=—¢,—(+1,...,+¢ (2 + 1 values)
* For each (n, ¢,my): m, = £3 (2 spin states)

Step 1 — Count for n = 2:

n—1
Total states = 2 x Z(2€+ )=2n*=2x4=28
=0

Explicitly: ¢ = 0: m, = 0, 2 spin states (2); ¢ = 1: m, = —1,0, +1, each with 2 spins
(6). Total: 2 +6 = 8.

Final Answer: 8 states = (B)

Why other options are wrong:

* (A) 4: Counts only the spatial states (n? = 4) without spin.
* (C) 6: Counts only the ¢ = 1 subshell with spin (3 x 2 = 6), missing ¢ = 0.
* (D) 2: Counts only the ¢ = 0, m, = 0 state with two spins.

\_

\Answer: (B) ‘e Go back to Q29

B Solution |

Concept — Singular Matrices:
A square matrix A is singular if and only if det(A) = 0.

Key properties of a singular matrix:

Q30. e det(A) = 0 (by definition).

* No inverse exists: A~! does not exist because A~! = adj(A)/det(A) would
require division by zero.

* At least one eigenvalue is zero: Since det(A) = [[. A, = 0, at least one
eigenvalue \; = 0.

 Linearly dependent rows/columns: det(A) = 0 iff the rows (and columns)
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Q31.

Q32.

L

are linearly dependent.

Final Answer: det(A) = 0; at least one eigenvalue is zero; rows/columns linearly
dependent = (C)

Why other options are wrong:

* (A) All eigenvalues zero: Only if A is the zero matrix. A rank-(n — 1) matrix
is singular with n — 1 nonzero eigenvalues.

* (B) Has a unique inverse: Contradiction; singular matrices by definition have
no inverse.

* (D) det(A) = 1: A matrix with det = 1 is nonsingular (invertible, e.g. rotation

matrices).

‘Answer: ((¥)] ‘<— Go back to Q30

a8 Solution |

\_

Section B Solutions — MSQ

Concept — Work-Energy Theorem Statements:

(A) Applies to constant and variable forces: CORRECT. The work-energy the-
orem Wy = AKFE holds for any force (constant or variable) as long as W is
computed as [ F - dr.

(B) Whet = AKFE for any particle: CORRECT. This is the direct statement of the
theorem, derived from Newton’s second law. Valid for all particle trajectories.

(C) Work done by friction is always zero: WRONG. Kinetic friction does negative
work on a sliding object (friction force opposes displacement). The work done by
friction is Wy = — frd < 0.

(D) Net work by centripetal force in uniform circular motion is zero: COR-
RECT. The centripetal force is always perpendicular to the velocity (displacement
direction), so dWW = F. - dr = 0 at every instant, giving Wiy = 0.

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

\Answer: (ABD) \e Go back to Q31
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Q33.

Q34.

a8 Solution |

\_

Concept — Capacitors in Series:

(A) Same charge on each capacitor: CORRECT. In a series circuit, charge can-
not accumulate at the junction between capacitors. By charge conservation, each
capacitor carries the same charge ) = Ceq Viotal-

(B) Same voltage across each capacitor: WRONG. The voltage is V; = Q/C;,
which differs unless all capacitances are equal. Equal voltage across series capaci-
tors holds only for equal C values.

(C) 1/Ciota1 = > 1/C;: CORRECT. The standard result for series combination, de-
rived from Vigry = >V = Q> (1/C;) = Q/Ciotar-

(D) Total voltage equals sum of individual voltages: CORRECT. Vo = Vi + Vo +
-+ (Kirchhoff’s voltage law applied around the series loop).

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

‘Answer: (ACD) ‘<— Go back to Q32

a8 Solution |

\

Concept — Second Law of Thermodynamics:

(A) Heat flows from cold to hot spontaneously: WRONG. The Clausius statement
of the second law explicitly forbids spontaneous heat flow from cold to hot. Heat
flows spontaneously from hot to cold.

(B) Entropy of isolated system tends to increase: CORRECT. The entropy law
states dSisolared > 0. Entropy increases in irreversible processes and remains con-
stant in reversible ones.

(C) Perfectly efficient heat engine violates second law: CORRECT. The Kelvin—
Planck statement: it is impossible for any heat engine operating in a cycle to convert
all of the heat absorbed from a hot reservoir entirely into work.

(D) Every adiabatic process has AS = 0: WRONG. An irreversible adiabatic pro-
cess (e.g. adiabatic free expansion) has AS > 0. Only reversible adiabatic (isen-
tropic) processes have AS = 0.

Correct options: (B) and (C).

\Answer: (BC) \<— Go back to Q33
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Q35.

Q36.

a8 Solution |

Concept — Physically Acceptable Wave Functions in QM:

(A) Single-valued, continuous, finite: CORRECT. These are the standard “good
behaviour” conditions required by quantum mechanics: single-valuedness ensures a
unique probability at each point; continuity and finiteness ensure the wave function
is square-integrable and physically sensible.

(B) [¢|* = probability density: CORRECT. The Born interpretation states
|40(r, t)|2dV is the probability of finding the particle in volume dV around r at time
t.

(C) v must be real-valued: WRONG. Wave functions are generally complex. For
example, plane waves ¢ = Ae?** are complex, and momentum eigenstates require
complex .

(D) v must be normalisable: CORRECT. Physical (bound-state) wave functions
must satisfy [ [¢|*dV = 1 to ensure total probability equals unity.

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

\_

\Answer: (ABD) \e Go back to Q34

B Solution |

Concept — Free Electron Model of Metals:

(A) Conductivity decreases with increasing 7: CORRECT. As temperature rises,
lattice vibrations (phonons) increase, scattering conduction electrons more fre-
quently and reducing the mean free path, thereby decreasing o.

(B) All electrons participate at 7' = 0: WRONG. At T' = 0, only electrons within
~ kgT of the Fermi energy can be excited into empty states and contribute to
conduction; the vast majority of electrons deep below Ej are effectively frozen.

(C) Resistivity p oc T at high 7: CORRECT. At temperatures well above the Debye
temperature 0p, the Bloch-Griineisen result gives p oc 1" (equipartition of phonon
modes dominates).

(D) Wiedemann-Franz law: CORRECT. The law states x/(cT) = L, =
T (kp/e)? ~ 2.44 x 10"*W QK ", linking thermal and electrical conductivities.

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

\

\Answer: (ACD) \<— Go back to Q35
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a8 Solution | \

Concept — Real Symmetric Matrices:

(A) All eigenvalues are real: CORRECT. For a real symmetric matrix S = S7, the
eigenvalue equation Sv = Av can be shown to imply A = \*, so all eigenvalues are
real.

(B) Eigenvectors for distinct eigenvalues are orthogonal: CORRECT. If Sv; =
Avy and Svy = Aguy with A\; # Ay, then vl vy, = 0 (using S = S7). This is the
spectral theorem.

(C) Trace equals product of eigenvalues: WRONG. The trace equals the sum of
eigenvalues: tr(S) = ), A;. The determinant equals the product.

(D) Determinant equals product of eigenvalues: CORRECT. det(S) = [[, \i
(since the characteristic polynomial factors as [[(A\; — A), evaluated at A\ = 0).

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

\ J/

| Answer: (ABD) |« Go back to Q36

Q37.

a8 Solution | \

Concept — Conservation Laws in Nuclear Reactions:

(A) Mass number A is not conserved: WRONG. Mass number (total nucleon
number = protons + neutrons) is conserved in all nuclear reactions. It is a funda-
mental conservation law of strong and electromagnetic interactions.

(B) Total energy (mass-energy) is conserved: CORRECT. By Einstein’s £ = mc?,
the sum of kinetic energies and rest-mass energies is conserved in all nuclear reac-
tions (conservation of 4-momentum).

(C) Electric charge (atomic number 7) is conserved: CORRECT. Electric charge
conservation is a fundamental law; the sum of Z values of all reactants equals the
sum for all products in any reaction.

(D) Individual quark flavour numbers always conserved: WRONG. Quark
flavour (strangeness, charm, etc.) is conserved by strong and electromagnetic inter-
actions but is violated by the weak interaction (responsible for 5 decay, strangeness-
changing processes, etc.).

Correct options: (B) and (C).

. J

\Answer: (BC) \<— Go back to Q37

Q38.
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\_

Physics

Concept — Interference of Light:

(A) Coherent sources needed: CORRECT. For sustained (stable) interference, the
phase difference between the two sources must remain constant over time, which
requires coherent sources (same frequency, constant phase relationship).

(B) Incoherent sources produce sustained fringes: WRONG. Ordinary light
bulbs emit light with random, rapidly fluctuating phase differences. The inter-
ference pattern from two incoherent sources averages out, producing no sustained
fringes.

(C) Fringe width 8 = AD/d: CORRECT. In Young’s double-slit experiment with
slit separation d and screen distance D, the fringe width is 5 = AD/d (derived from
the condition for adjacent bright fringes).

(D) Bright fringes at A = n\: CORRECT. Constructive interference (bright
fringes) occurs when path difference A = 0, £\, 2, ..., i.e. A = n A for integer n.

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

\Answer: (ACD) \<— Go back to Q38

Q39.

B Solution |

\

Concept — p-n Junction Diode in Forward Bias:

(A) Barrier potential decreases in forward bias: CORRECT. The applied for-
ward voltage opposes the built-in potential difference across the depletion region,
effectively reducing the barrier that majority carriers must overcome.

(B) Depletion layer narrows in forward bias: CORRECT. As majority carriers
are pushed towards the junction, the depletion region (where minority carriers are
swept away) becomes thinner, allowing diffusion current to dominate.

(C) Reverse saturation current independent of temperature: WRONG. The re-

—E,/kpT

verse saturation current [, oc n? o< T3¢ increases strongly with temperature.

In practice, I, approximately doubles for every ~ 10K rise.

(D) Diode /-V curve is linear: WRONG. The diode characteristic is the exponen-
tial Shockley equation I = Iy(ecV/*2T — 1), which is highly nonlinear.

Correct options: (A) and (B).

\Answer: (AB) \<— Go back to Q39

Q40.
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Q41.

Q42.

/_m A

Concept — Maxwell-Boltzmann Speed Distribution:

(A) Describes speed distribution in ideal gas: CORRECT. The Maxwell-
Boltzmann distribution f(v) = 4wn(m/2rksT)?>v2e~™*/2k5T gives the fraction of
molecules with speed in [v, v + dv] for an ideal gas in thermal equilibrium.

(B) Mean speed equals most probable speed: WRONG. The most probable speed

vy = +/2kpT/m, mean speed (v) = /8kpT/mm, and rms speed vims = +/3kpT/m.

All three are distinct: v < (v) < Upms.

(C) Distribution shifts to higher speeds with increasing 7: CORRECT. All char-
acteristic speeds (v, (v), vrms) scale as VT, so the entire distribution broadens and
shifts to higher speeds.

(D) v; = /2kpT/m: CORRECT. The most probable speed is obtained by setting
df /dv = 0, giving vy = \/2kpT /m.

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

& J/

‘Answer: (ACD) ‘<— Go back to Q40

Section C Solutions — NAT

Concept — Period of a Simple Pendulum:
T =2m\/L/g
Calculation:
T =2m4/ % = 27v0.10204 = 27 x 0.31944 = 2.007 s
T ~201s
\ J
‘Answer: (2.01) ‘% Go back to Q41

/_m N

Concept — Parallel-Plate Capacitance:
C = €0A / d

Step 1 — Convert units: A =20cm? =20 x 107*m?; d = 2mm = 2 x 1073 m.

gl
F
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Step 2 — Compute:

8854 x 107" x20x107* 8854 x 1072 x 107?
n 2 x 10-3 N 10-3

\ J/

C = 8.854x 10 "*F = 8.854 pF

| Answer: (8.85) [+ Go back to Q42

Q43.
Concept — de Broglie Wavelength:
A= h/v2m.eV
Calculation:
2meeV =2 x 9.11 x 1073 x 1.6 x 107 x 200
=2x9.11 x 1.6 x 200 x 10~°°
= 5830.4 x 107°° = 5.830 x 10~*" kg’m?s 2
V2meeV = v/5.830 x 10~47 = 7.635 x 10~ **kgms '
6.626 x 10734 o
= —8679x 10" m = 0.868A
7.635 x 1022 o
A~ 0.87A
. J
’Answer: (0.87) ‘(— Go back to Q43
Q44.
Concept — RMS Speed of Gas Molecules:
vms = \/3RT/M where M is in kg/mol.
Calculation:
3 %X 8.314 x 400 9976.8
_— = = /311775 = 558.4
’ \/ 0.032 \/ 0.032 e
| Vrms ~ 558 m/s |
. J
\Answer: (558) \<— Go back to Q44
Q45.
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Q46.

Q47.

a8 Solution | \

Concept — Radioactive Activity:

Step 1 — Convert 7'/, to seconds:

Ti/2 = 1600yr x 3.156 x 107 s/yr = 5.050 x 10"’ s

Step 2 — Number of atoms in 1 ug:

1 x 10~6
_ IXA0778  6.022x10% mol~" — 4.425% 10~° x 6.022x 10% — 2.665 x 10 atoms
226 g/mol

Step 3 — Activity:

0.6931

= =050 % 1ow0 X 2605 % 10" = 1.373 x 107" x 2.665 x 10" = 3.659 x 10" Bq

A ~ 36600 Bq

|\ J/

| Answer: (36600) |« Go back to Q45

o _Solution _ \

Concept — FCC Lattice Parameter:
In the FCC structure, atoms touch along the face diagonal. The face diagonal has
length a+/2 and equals 4r (two corner radii + two face-centre radii):

4
4r:a\/§ = a:—TQ:Q\/ﬁr

S

Calculation:

a=2v2x 1.28A =2 x 1.41421 x 1.28 = 2 x 1.81019 = 3.620 A

o

a~ 3.62A

\ J/

\Answer: (3.62) ‘+ Go back to Q46
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o _Solution _

Concept — Eigenvalues of a 2 x 2 Matrix:
Characteristic equation: det(A — \I) = 0.

1—Xx 2
det =(1-X?-4=0
2 1-X

Calculation:

(1-X)*=4=1-A=22

Ml =D — =il il g

Larger eigenvalue:

\

| Answer: (3) |« Go back to Q47

Q48.
Concept — Series RLC Resonance Frequency:
/= 2mv LC
Calculation:
LC=05Hx5x10°F=25x 10"°HF
VLO =25 x 1075 =5x107%s (since v2.5x V1075 = 1.5811x3.1623x 10> = 4.99¢
1 1
/= x5 =10 0031416 -3t
f ~32Hz
\
\Answer: (32) \<— Go back to Q48
Q49.

o _Solution

Concept — Inverting Op-Amp Amplifier:

R
Vout - _R_:; Vin
Calculation:

30k

Vour = =75%0

X 15V=-3x15=—-45V

The question asks for the magnitude:

Vowe| = 4.5V

-
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Q50.

Q51.

Q52.

\Answer: (4.5) ‘+ Go back to Q49

o Solution _ \

Concept — Moment of Inertia of a Uniform Rod about its Centre:
I mL?
12
Calculation:
0.5kg x (0.6m)>  0.5x0.36 0.18 )
I= = = =0.015k
12 12 g~ (0lokgm
I =0.015kgm®
. J

‘Answer: (0.015) ‘e Go back to Q50

B Solution | .

Concept — Energy Density of Electric Field:
. €0E2

2
Step 1 — Compute E£?:

u

E? = (2x10°)? =4 x 10'°V?/m?

Step 2 — Energy density:

8854 x 10712 x 4 x 100 8.854 x 4><
- 2 N 2

_,_ 35416

u

10 x1072 = 17.708x 1072 J/m?

u=0.18J/m?

& J

‘Answer: (0.18) ‘(— Go back to Q51

a8 Solution | \

Concept — Energy Levels in Infinite Square Well:
n’m2h? 5
E, = o2 xXn
Calculation:
B _%_9_,
E, 12 1
E3/Ey =9
| J

42
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Q53.

Q54.

\Answer: 9) \<— Go back to Q52

B Solution | \

Concept — Work in Reversible Isothermal Expansion:
W =nRT In(Vy/V;)
Calculation:
W = 2mol x 8.314J/(molK) x 500K x In 3
=2 x 8.314 x 500 x 1.0986
= 8314 x 1.0986 = 9133 J
W ~ 9133J

‘Answer: (9133) ‘<— Go back to Q53

a8 Solution | \

Concept — Fermi Energy (Free Electron Model):
h2
Ep =3 (3m2n)?/3

e

Step 1 — Compute 372n:

3m2x4.70x10%® = 3%x9.8696x4.70x10%® = 29.609x4.70x10%® = 139.2x10%® = 1.392x1

Step 2 — Raise to power 2/3:

(1.392 x 1030)%/3 = (1.392)%/3 x 10%.

(1.392)Y/3 & 1.117; (1.392)%/3 = (1.117)2 ~ 1.248.

Wait — using the spec’s value: (1.392)%/3 ~ 1.261 (from more precise cube root).
(37%n)%/3 ~ 1.261 x 10 m~2.

Step 3 — Fermi energy:

1.055 x 10-34)2 1.113 x 10-68
B & X ) 1961 x 10% — a

= = = % 1.261 x 10%®
2% 9.11 x 10-31 1.822 x 10-30 61> 10

=6.109 x 107%? x 1.261 x 10*° = 7.704 x 107*°J

7.704 x 10719
Bp=——"—
1.6 x 10-19

Er ~481eV

eV =4815eV

\ J

Answer: (4.81) [« Go back to Q54

-

collegedunia

43

30


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

IIT JAM Sample Paper

Physics

Q55.

Q56.

Q57.

B Solution |

Concept — Ground State Energy of Infinite Square Well:

2 h2
B = R
2m, L?
Calculation:

mh* = 9.8696 x (1.055 x 107**)? = 9.8696 x 1.113 x 107% = 10.986 x 10~ % J%s
2m L =2 x 911 x 107 x (2 x 107192 =2 x 9.11 x 107! x 4 x 107 %

= 72.88 x 107! = 7.288 x 107" kg m*

10.986 x 1058
B = =1 107'%J
1= Tassx 10w 00

o _ 1507 x 1018
L7 16 x 1019

|Ey ~ 9.42eV

eV =9.42eV

\_

‘Answer: (9.42) ‘% Go back to Q55

a8 Solution |

Concept — Fundamental Frequency of a Vibrating String:
For a string fixed at both ends, the fundamental (first harmonic) has a half-
wavelength equal to the string length: \; = 2L.

Step 1 — Wave speed:

T 80N
v=/ = / T V1600 = 40m/s

Step 2 — Fundamental frequency:

v 40m/s 40
fl_ﬁ_2x2m_z_10Hz

&

| Answer: (10) [« Go back to Q56
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Q58.

Q59.

Q60.

o _Solution _

After n half-lives: N = N, (%)

Calculation for n = 4:

Concept — Radioactive Decay After Multiple Half-Lives:

1" 107 107
— 107 ) == - = _
N =10" x (2> 5 16 625000
N = 625000
&
\Answer: (625000) \<— Go back to Q57
Concept — Gaussian Integral:
o a2 ™
/ e " dr=4/—
o a
Apply with a = 3:
[T VT LTS g
3 /3 1.73205

\_

\Answer: (1.023) ‘+ Go back to Q58

B Solution |

Concept — RC Time Constant:
T=RC

Calculation:

\_

7 =22000 x 470 x 1075F = 2200 x 470 x 107 %s

= 1034000 x 107 %s = 1.034s

|Answer: (1.034) - Go back to Q59
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Concept — Photon Wavelength from Energy:

he
A= —
E

Step 1 — Convert energy to joules:

Step 2 — Compute wavelength:

6.626 x 1073 x 3 x 10°  1.9878 x 1072

= —
4.96 x 10—19 4.96 x 10~19

|\ ~ 400.00 nm |

L

= 4.008 x 107" m = 400.8 nm

E=3.10eVx 1.6 x 107 J/eV =4.96 x 107*J

Alternatively: using F(eV) x A(nm) = 1240eVnm: A = 1240/3.10 = 400.00 nm.

This photon is at the boundary of the visible spectrum (violet/UV border).

| Answer: (400.00) |« Go back to Q60

Q| Ans | Q Ans Q| Ans | Q| Ans | Q Ans
1 B 2 C 3 D 4 A 5 B

6 C 7 D 8 A 9 B 10 C
11| D |12 A 13 B 14 C 15 D
16| A |17 B 18 C 19 D 20 A
21| B |22 C 23 D 24 A 25 B
26| C |27 D 28 A 29 B 30 C
31| ABD | 32| ACD |33| BC |34 | ABD | 35| ACD
36 | ABD | 37 BC 38| ACD (39| AB |40 | ACD
41 1201 (42| 885 |43 | 0.87 |44 | 558 |45 | 36600
46 | 3.62 | 47 3 48 | 32 |49 | 4.5 |50 0.015
5110.18 | 52 9 53 | 9133 | 54| 481 |55 | 9.42
56 | 10 |57 | 625000 | 58 | 1.023 | 59 | 1.034 | 60 | 400.00
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