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Q.No:1 JEST-2012

The ground state (apart from normalization) of a parti-
cle of unit mass moving in a one-dimensional potential
V(z) is exp (—2%/2) cosh (v/2x). The potential V(z), in
suitable units so that & = 1, is (up to an additive con-
stant)

(a) 2%/2

(b) 22/2 — v/2z tanh (v/2x)

(c) x2/2 — v/2x tan (v/22)

(d) 22/2 — v/2z coth (v/2x)

Q.No:2 JEST-2012

The quantum state sinz|1) + exp (i¢) cos%|]), where (1
[{) =0 and z, ¢ are real, is orthogonal.to:

(a

sin z|1)

(b) cosz|t) + exp (i¢) sin z|])
(¢) —cosz|T) — exp (i) sin'z|])

)
)
)
(d) —exp(—ig)cosz|t) + sinz,)

Q.No:3 JEST-2013

A quantum mechanical particle in a harmonic oscilla-
tor potential has the initial wavefunction g (x) + 11 (),
where ¢y and 1), are thewreal wavefunctions in the ground
and first excited states,of the harmonic oscillator Hamil-
tonian. For/cenvenience’'we take m = h = w = 1 for the
oscillator. What,is the probability density of finding the
particle at x at time t = 77

(&) (¥1(2))* = (do(x))®
(b) (¥1(z) —ho(x))?
(¢) (¥1() +1ho(x))?
(d) (1(2))* + (Yo(2))?

Q.No:4 JEST-2013

A particle of mass m is contained in a one-dimensional
infinite well extending from z = —L/2 to « = L/2.
The particle is in its ground state given by tg(z) =
v2/Lcos (mx/L). The walls of the box are moved sud-
denly to form a box extending from x = —L to x = L.
What is the probability that the particle will be in the
ground state after this sudden expansion?

(a) (8/3m)
(b) O

(c) (16/3m)
(d) (4/3m)?

Q.No:5 JEST-2013

If the distribution furiction of z is f(z) = xe=*/*

the interval 0'< x € o007 the mean value of z is

over

Q.No:6 JEST-2014

The temperature of a thin bulb filament (assuming that
the resistance of the filament is nearly constant) of radius
r and length L is proportional to

(a) 7“1/4L_1/2
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Q.No:7 JEST-2014

A ball bounces off earth. You are asked to solve this
quantum mechanically assuming the earth is an infinitely
hard sphere. Consider surface of earth as the origin im-
plying V(0) = oo and a linear potential elsewhere (i.e.
V(z) = mgx for £ > 0). Which of the following wave
functions is physically admissible for this problem (with
k> 0):

(a) ¥ = ebe/a
(b) 1) = ze "

(c) ¥ = —Axer®
(d) 1 = Ae~ke”

Q.No:8 JEST-2015

A particle of mass m moves in 1-dimensional potential
V() which vanishes at infinity. The exact ground state
eigenfunction is 1(x) = A sech (Az) where A and \ are

constants. The ground state energy eigenvalue of this
system is,

(a) B =105

(b) B =100

(0) B=—120

(@) B ="

Q.No:9 JEST-2015

Given that 1¢; and'g are eigenstates of a Hamiltonian
with eigenvalués E; and F5 réspectively, what is the en-
ergy uncertainty in the state (1 + 12)7

—VE1Es

Q.No:10 JEST-2015

The blackbody at a temperature of 6000K emits a radi-
ation whose intensity spectrum peaks at 600nm. If the
temperature is reduced to 300K, the spectrum will peak
at,

(a) 120pum
(b) 12um
(c) 12mm

(d) 120mm

Q.No:11 JEST-2016

An éleetron confined within a thin layer of semiconduc-
tor may-be treated as a free particle inside an infinitely
deep one-dimensional potential well. If the difference in
energies between the firstyand the second energy levels is
dF, then the thickness of the layer is:

3h2 72
2moE

(a)

2h2 72
3mdoE

(b)

h2m2
2moE

()

h2m2
moE

(d)

Q.No:12 JEST-2016

The mean value of random variable x with probability
density p(z) = m/lﬁ exp [—(2? 4 px)/(207%)], is:

(a) 0

(b) n/2
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Q.No:13 JEST-2017

Q.No:16 JEST-2018

If the ground state wavefunction of a particle mov- A one dimensional harmonic oscillator (mass m and fre-

ing in a one dimensional potential is proportional to duency w) is in a state i) such that the only possible

exp (—x2/2) cosh (v/2z), then the potential in suitable outcomes of an energy measurement are Eo, Ey or E,
units such that i = 1, is proportional to where F,, is the energy of the n-th excited state. If H

(a) x2.

(b) 22 — 2y/2z tanh (v/2z).
(c) 2% — 22z tan (v/2x).
(d) 2% — 2v/2z coth (v/22).

Q.No:14 JEST-2017

¢o(z) and ¢1(x) are respectively the orthonormal wave-
functions of the ground and first excited states of=a

is the Hamiltonian of the oscillator, (y|H|¢) = 3hw/2
and (1| H?|1)) = 11h%w? /4, then the probability that the
energy measurement yields Fjy is

(a) 1/2
(b) 1/4
(c) 1/8
(d) 0

Q.No:17 JEST>2019

A quantum particle of mass m/is in a one dimensional
potential of the form

one dimensional simple harmonic oscillator. Consider Viz)s { %mwzl‘Q, ifz >0

the normalised wave function ¢(z) = copo(z) + c1¢1(),
where c¢g and ¢; are real. For what values of ¢y and ¢j
will (¢(2)|z|v(z)) be maximized?

(a) co=c1 =+1/V2
(b) Co = —C1 = +1/\/§

(c) co=4+V3/2,¢c; = +1/2

(d) co = +V3/2,¢1 = —1/2

Q.No:15 JEST-2017

What is the dimension of ’;L %, where v is a wavefunction

in two dimensions?
1.2

(a) kgm~ts

(b) kg 572
(c) kg m?s—2

(d) kg s~*

o0, if z <0,

where w is a censtant. Which one of the following rep-
resents_the ‘possible ground state wave function of the
partiele?

Figure 2: (b)

44 +1|

-1

Figure 3: (c)
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Figure 4: (d)

Q.No:18 JEST-2019

The wave function ¢ (z) = Aexp (_b22x2

stants A and b) is a normalized eigenfunction of the
Schrodinger equation for a particle of mass m and en-
ergy FE in a one dimensional potential V' (z) such that
V(z) = 0 at x = 0. Which one of the following is cor-
rect?

) (for real con-

(a) V= R2b?2?
_ h2pta?
(b) V=55
(c) B =15E
(d) B="10

Q.No:19 JEST-2019

Consider a quantum particle in a one-dimensional box of
length L. The coordinates of the leftmost, wall of the box
is at x = 0 and that of the rightmost, wall is at x = L.
The particle is in the ground state at't = 0. At t =0, we
suddenly change the length of the box to 3L by moving
the right wall. What is<the probability that the particle
is in the groundsstate of\the new system immediately
after the change?

(a) 0.36

Q.No:20 JEST-2019

A one-dimensional harmonic oscillator is in the state

=1
) =;ﬁ\n>7

where |n) is the normalized energy eigenstate with eigen-
value (n+ 3)hw. Let the expectation value of the Hamil-
tonian in the state |1)) be expressed as tafiw. What is
the value of a?

Q.No:21 JEST-2020

The wave function of an electronsin omne dimension is
given by

0 for x <0

V) = { 27\/36—1(1 —ey®), forz>0.

The ratio between thie expected position (x) and the most
probable position(x,, is:

(a) 0.856

(b) 1.563
(c)*2.784
)

(d).3:567

Q.No:22 JEST-2020

A two-state quantum system has energy eigenvalues +e
corresponding to normalised states ¢y. At time ¢t = 0
the system is in the quantum state [¢»; +_]/+v/2. Find
the 10000x probability that the system will be in the
same state at time ¢t = h/(6¢), where h is the Planck’s
constant.

Q.No:23 JEST-2021

A particle with energy E is in a bound state of the one-

dimensional Hamiltonian H = —%j—; + V(z). The

expectation value of momentum (p)
(a) is always zero.

(b) depends on the degeneracy of the eigenstate.
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(c) is zero if and only if the potential is symmetric
V(—z) =V(x).

(d) depends on the energy E of the eigenstate.

Q.No:24 JEST-2021

Consider the normalized wave function ¢ = ag + by
for a one-dimensional simple harmonic oscillator at some
time, where 1y and 1; are the normalized ground state
and the first excited state respectively, and a,b are real
numbers. For what values of a and b, the magnitude of
expectation value of z, i.e. [{x)|, is maximum?

(a) a=—-b=1/V2

(b) a=b=1/V2
() a=1,b=0
(d) a=0,b=1

Q.No:25 JEST-2021

A particle is in the nth energy. eigenstate of an infinite
one-dimensional potential well between,z = 0 and x = L.
Let P be the probability of finding the particle between
2z =0 and z = 1/3. In the limitsr™— oo, the value of P
is

(a) 1/9
(b) 2/3
(c) 1/3
(d) 1/v3

Q.No:26 JEST-2021

The uncertainty Az in the position of a particle with
mass m in the ground state of a harmonic oscillator is
2h/mc. What is the energy (in units of 10~4mc?) re-
quired to excite the system to the first excited state?

Q.No:27 JEST-2022

A beam of high energy neutrons is scattered from a
metal lattice, where the spacing between nuclei is around
0.4nm. In order to see quantum diffraction effects, the
kinetic energy of the neutrons must be of the order
[Mass of neutron = 1.67 x 10~2"kg, Planck’s constant =
6.62 x 10~3*m2kgs1]

Q.No:28) JEST-2022

A particle of mass m moves in one dimension. The exact
eigenfunction for the ground state of the system is

A

v cosh (Az)’

) —
where{ A\is a’constant and A is the normalization con-
stant. \If the potential V' (z) vanishes at infinity, the
ground state energy of the system is

(a)

N
2m

h2A2
2m

K2\

2m

_R3A
2m

Q.No:29 JEST-2022

The frequency dispersion relation of the surface waves
of a fluid of density p and temperature T, is given by
w? = gk + Tk?/p, where w and k are the angular fre-
quency and wavenumber, respectively, g is the accelera-
tion due to gravity. The first term in the r.h.s. describes
the gravity waves and the second term describes the sur-
face tension wave. What is the ratio of the first term to
the second term, when the phase velocity is equal to the
group velocity?
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Q.No:30 JEST-2023

Consider a particle subjected to the symmetric one-
dimensional infinite square well potential:

V(z) = {

Find the time evolution of the wavefunction ¢ (x,t), if at
time ¢ = 0 the particle is prepared in an equal superpo-
sition of the ground and the first excited states:

0,
o0,

|z <
|z[>

||t~

L
V2

where ¢ (z) and ¢o(x) are normalized eigenfunctions of
the ground state and the first excited state respectively.
If 7 is the smallest time at which the particle is equally
likely to be in either half of the well, select the correct
value of

¥(x,0) = —=(d1(2) + ¢2(2))

Th
mL?’

where h is the Planck’s constant, m is the mass of the
particle and L is the width of the well as defined abeve:

w =
S~— S—
= = W

N
S—
ol

Q.No:31 JEST-2023

A quantum particle moving in one dimension is in a state
having the wave function

¥(z) = sinh(\z) exp (‘”4 oo W)

h

where a, b, A\ and p are, all.positive real numbers. What
is the expectation’/value’of momentum?

Q.No:32 JEST-2024

What is the power of a light source emitting photons of
wavelength 600 nm at the rate of one photon per second?
Planck’s constant h = 6.6 x 10734 Joule sec and speed of
light ¢ = 3 x 108 m/sec.

1) 3.3 x 10719 W
2) 3.3x 10718 W
3) 6.0 x 1071 W

4) 6.0 x 10718 W

Q.No: 33 JEST-2024

Aparticle moving in one dimension has the wave function

() =exp {—a <x - Zzoﬂ sin? (k1 z),

where/ais real positive and kg, ki are real. The expec-
tation walue”of momentum is

1) 2hiko

Q.No: 34 JEST-2024

A quantum mechanical particle of mass m is confined in a
one dimensional infinite potential well whose walls are lo-
cated at x = 0 and = 1. The wave function of the parti-
cle inside the well is ¥(z) = N[zInz + (1 — 2) In(1 — )]
for some normalization constant N. An experimentalist
measures the position of the particle on an ensemble of a
large number of identical systems in the same state. The
mean of the outcomes is found to be %, where n is an
integer. What is n?
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Q.No: 35 JEST-2024

A quantum harmonic oscillator of mass m and angular
frequency w is in the state |¢)) = %(|287) +288)), where

th

[n) denotes the n'™ normalized energy eigenstate of the

L denote the oscillator

harmonic oscillator. Let Lo = 4/ -

size and (Z) denote the expectation value of the position
operator in the state |¢)). What is the value of %? You
may use the form of the position operator in terms of the
raising and lowering operators: & = %(a +ah).

Q.No: 36 JEST-2024

A classical particle undergoing simple harmonic motion
is confined to the region (—a, a) on the X-axis. If a snap-
shot of the particle is taken at a random instant of time,
what is the probability that it would be found in the
region (%,a)?

1)

\)

gy Wi ol =

)
3)
4)

Q.No: 37 JEST-2024

A quantum particle is subjected to the potential\V (z) =
ax +bz?, where a and b are constants. What is the mean
position of the particle in the first excited_ state?

2b
2) —35
3) —%
4) ¢

Q.No: 38 JEST-2025

Consider the time-independent Schrodinger equation
with a real potential and suppose ¥ (z) is a solution of
this equation. Which of the following is true?

1) 9* is never a solution of the same equation.

2) 1* is a solution of the same equation.

3) ¥* is a solution of the same equation only if the po-
tential is symmetric about x = 0.

4) 9* is a solution of the same equation only if the po-
tential vanishes at infinity.

Q.No: 39 JEST-2025

Match the following statements.

11) Photoelectric effect B1) Involves 160sely
) bound or free

22) Compton scattering eclectrons

33) Pair production B2), Inverse photoelectric

44) Bremsstrahlung effect

Needs a minimum of
1.02 MeV of energy
for the incident radi-
ation

B3)

Involves bound elec-
trons and depends
on the specifics of
the material

B4)

1) Al-B3,A2-B4,A3 B2,A4 Bl
2 A1-B4,A2-B1,A3-B3,A4 B2
3) Al1-B4,A2 B3,A3-B2,A4-B1

4) A1-B3,A2-B2,A3-B1,A4-B4

Q.No: 40 JEST-2025

For a particle in a one-dimensional box of width L, the
uncertainty Ap in momentum in the n-th eigenstate of
energy for large n is

h
D =

nmwL
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Q.No: 41 JEST-2026

A particle subject to the one-dimensional infinite square
well potential

if0<z<
V(x):{o, if 0 <z <a,

00, otherwise.

is initially in the state

0, otherwise.

W(z) = {Ax(a —2), f0<z<a,

where A and a are constants. Let P;(t) be the prob-
ability that a measurement of the energy of the particle
at time t yields the outcomeF; = ;;Zz .Which of the
following is true for time ¢t > 07

1. Pi(t) x exp (— 2’;:32 t)

2. Py(t) oc t?

3. Pi(t) x 1 —exp (— 27;22 t)

4. Py(t) is independent of time.

Question No. | Entrance with year | Answer
1 JEST-2012 (b)
2 JEST-2012 (d)
3 JEST-2013 (b)
4 JEST-2013 (a)
5 JEST-2013 (b)
6 JEST-2014 (a)
7 JEST-2014 (b)
8 JEST-2015 (c)
9 JEST-2015 (b)
10 JEST-2015 (b)
11 JEST-2016 (a)
12 JEST-2016 (¢)
13 JEST-2017 (b)
14 JEST-2017 (a)
15 JEST-2017 (d)
16 JEST-2018 (b)
17 JEST-2019 (b)
18 JEST-2619 (b)
19 JEST-2019 (c)
20 JEST-2019 3
21 JEST;2020 (b)
22 JEST-2020 2500
23 JEST-2021 (c)
24 JEST-2021 (b)
25 JEST-2021 (c)
26 JEST-2021 1250
27 JEST-2022 (a)
28 JEST-2022 (a)
29 JEST-2022 1
30 JEST-2023 Option 1
31 JEST-2023 Option 2
32 JEST-2024 Option 1
33 JEST-2024 Option 1
34 JEST-2024 2
35 JEST-2024 12
36 JEST-2024 Option 3
37 JEST-2024 Option 2
38 JEST-2025 Option 2
39 JEST-2025 Option 2
40 JEST-2025 Option 1
41 JEST-2026 Option 1
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