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Q.No:1 GATE-2012

A particle of mass m is confined in a two dimensional
square well potential of dimension a. This potential
V(z,y) is given by

{ V(z,y) =0

=0

for —a<zr<aand —a<y<a
elsewhere

The energy of the first excited state for this particle is
given by,

m2h?
maZ2

2r2h?
ma?

5m2h>
2ma?

4m3h?
ma?

Q.No:2 GATE-2012
The ground state wavefunction for the-hydrogen®atom

3/2
- L (%) e~/ syhere ag is the

is given by %199 T

Bohr radius.
The plot of the radial probability density, P(r) for the
hydrogen atom in the groundsstate'is

ria, L

Figure 1: (A) Figure 2: (B)

i- A

P(r)| |

ria, ' a

Figure 3: (C) Figure 4: (D)

Q.No:3 GATE-2013

Which one of the following commutation relations is
NOT CORRECT? Here, symbols have their usual mean-
ings.

(A) [L% L] =0

(B) [Ls,Ly] =3hL,
(C) [Lo.Ly] = ALy
(D) [La, L] = hL_

Q.No:4 GATE-2013

A proton is confined to a cubic box, whose sides have
length 10~'2m. What is the minimum kinetic energy of
the proton? The mass of proton is 1.67 x 10727kg and
Planck’s constant is 6.63 x 10734 Js.

(A) 1.1x10717J

)
(B) 3.3x10717J
(C) 9.9x 107177

)

(D) 6.6 x10717.J

Q.No:5 GATE:2013

A spin-half particle’is"in a linear superposition 0.8|1
Y + 0.6)4) ofilits spin-up and spin-down states. If |1)
and ||) are the eigenstates of o, then what is the ex-
pectation value, up to one decimal place, of the operator
100, +.50,7 Here, symbols have their usual meanings.

Q.No:6 GATE-2013

Consider the wave function Ae®*"(ro/r), where A is the
normalization constant. For r = 2ry, the magnitude of
probability current density up to two decimal places, in
units of (A%hk/m),is _______.

Q.No:7 GATE-2014

An electron in the ground state of the hydrogen atom
has the wave function

W) = — o~ (r/a0)
a3
0

where ag is constant. The expectation value of the

operator Q = 2?2 — 7%, where z = rcosf is (Hint:
JoS e orrndr = gﬂ(ﬂ = (Z,;ll)!)

(A) —af/2

(B) —ag

(C) —3a5/2

(D) —2a?
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Q.No:8 GATE-2014

A particle of mass m is subjected to a potential,

1
V(z,y) = imwg(x2 + y2), —c0 <z <00,—00<y <00

The state with energy 4hw is g-fold degenerate. The

value of g is

Q.No:9 GATE-2014

A hydrogen atom is in the state

8 3 4
U=\ =m0 — y/ = =
21%00 \/;1#310 + 21 V321,

where n,l,m in 1, denote the principal, orbital and
magnetic quantum numbers, respectively. If L is the
angular momentum operator, the average value of L? is
B

Q.No:10 GATE-2014

If L, and L_ are the angular momentum ladder‘opera-
tors, then, the expectation value of (L4 L_ + L_ L+) in
the state |l = 1,m = 1) of an atom is hZ.

Q.No:11 GATE-2015

Let L and 7 be the angular and linear momentum opera+
tors, respectively, for a parti¢le. The commutator [L,,py)
gives

(B) 0

(C) ihp,

(D) ihp,

Q.No:12 GATE-2015

An operator for a$pin-17/2 particle is given by A= AE-E,
where B = %(fv %+ ¢), & denotes Pauli matrices and A is

a constant. The eigenvalues of A are
(A) £AB/V2

(B) £A\B

(C) 0,AB

(D) 0,—AB

Q.No:13 GATE-2016

0z,0y and o, are the Pauli matrices.
20,0, + 0y0; is equal to

(A)
(B)
(©)
(D)

The expression

—3io,
—10,
10,

D

3to,

Q.No:14 GATE-2016

Let |I,m) be the simultaneous eigenstates of L%amd L,.
Here L is the angular momentum operator with” Carte-
sian components (L, Ly, L), { is the angular momen-
tum quantum number and m is the azimuthal)quantum
number. The value of (1,0[(L, + iLg){l, —1) is

(A) 0
(B) h

(C) V/2h
(D) v3n

Q.No:15 GATE-2017

The wavefunctien of which orbital is spherically symmet-
ric:

Q.No:16 GATE-2017

For the Hamiltonian H = agl + b.G where ag € R, bisa
real vector, I is the 2 x 2 identity matrix, and ¢ are the
Pauli matrices, the ground state energy is

(A) [0l

(B) 2ao — o]
(©) 0]
(D)

apg —

agp

Q.No:17 GATE-2017

The degeneracy of the third energy level of a 3-
dimensional isotropic quantum harmonic oscillator is

(A) 6
(B)
(C) 8
(D)
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Q.No:18 GATE-2018

Which one of the following represents the 3p radial wave
function of hydrogen atom? (ag is the Bohr radius)

R0 R()
o ~— r/ay 0 \/.,./an

Figure 6: (B)

1R(r)

0 S——m g 0 r/a,

Figure 7: (C) Figure 8: (D)

Q.No:19 GATE-2019

The Hamiltonian for a quantum harmonic.oscillator of
mass m in three dimensions is

2
1
. + —mw?r?

H:
2m 2

where w is the angular frequency=Theexpectation value
of r? in the first excited state of the joscillatof in units.of

L (rounded off to one decimal'place) is

Q.No:20 GATE-2019

Electrons with spin in the z-direction (%) are passed
through a Stern-Gerlach (SG) setwup'with the magnetic
field at 8 = 60° from 2. The fraction of electrons that
will emerge with their spin parallel’to the magnetic field
in the SG set up (rounded. off to two decimal places) is

(01 W 0 —i (1 0
T2 =\1%01 %%\ 0)% T o 1
Q.No:21 GATE-2020
Sw denotes the spin operator defined as ,SA'I = % ((1)

o)

Which one of the following is correct?

N\
O =
v

(A) The eigenstates of spin operator S, are 1)z

and 1), = ()

(B) The eigenstates of spin operator S, are |}), =
1 1
() o= ()

1
(C) In the spin state % ( \/§)’ upon the measurement of

S, the probability for obtaining |1), is i

1
(D) In the spin state % ( \/§>, upon the measurement of

S,, the probability for obtaining [1), is 2£¥3

4

Q.No:22 GATE-2020

The radial wave function of a particle in a/‘central po-
tential is given by R(r) = AZexp (=), where A is
the normalization constant and a is positive.constant of
suitable dimensions. If va is the most probable distance
of the particle from the force center;, the value of v is

Q.No:23 G ATE-2020

A free" particle of*mass M is located in a three-
dimensional cubic potential well with impenetrable walls.
The degeneraeynof the fifth excited state of the particle
1S

Q.N6:24 GATE-2020

An electron in a hydrogen atom is in the state n = 3,1 =
2, m'= —2. Let L, denote the y-component of the orbital
angular momentum operator. If (AL,)? = ah?, the value
of vis .

Q.No:25 GATE-2021

Consider a spin S = h/2 particle in the state |¢) =
(24
3 2

the state with S, = +7/2 is

The probability that a measurement finds

A) 5/18
B
C
D

11/18

(A)
(B)
(C) 15/18
(D) 17/18

Q.No:26 GATE-2021

The normalized radial wave function of the second ex-
cited state of hydrogen atom is

R(r)

1 )
_ afs/zfefr/m

V24 a

where a is the Bohr radius and r is the distance from the
center of the atom. The distance at which the electron
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is most likely to be found is y x a. The value of y (in
integer) is ——_______.

Q.No:27 GATE-2022

From the pairs of operators given below, identify the ones
which commute. Here [ and j correspond to the orbital
angular momentum and the total angular momentum,
respectively.

(a) 1273
(b) j

(c)

(d) lz,jz

731

Q.No:28 GATE-2022

Pauli spin matrices satisfy

(a) 0408 — 030 = €030~

(b) 0a0g — 030 = 2i€apy0n

(€) 0aop + 0806 = €apyoy
)

(d) oaog+ 0504 = 20ap

Q.No:29 GATE-2022

In cylindrical coordinates (s, ¢, z), which of the following
is a Hermitian operator?

(a) 35

®) i (5 +3)
(©) 1 (55 +325)
(@ (5 +3)

Q.No:30 GATE-2022

A particle of mass m is moving inside a hollow spherical
shell of radius r so that the potential is

forr <a

0
viy) { oo forr>a

The ground stateyenergy and wavefunction of the par-
ticle are Ey and R(r), respectively. Then which of the
following options are correct?

(a) Bo =4t

(b) —22 L4 (;2dR) — R (r < a)
(c) —ﬁ%ﬁ? = FoR (r < a)

(d) R(r) = Lsin(ZX) (r <a)

Q.No:31 GATE-2023

H is the Hamiltonian,l_; the orbital angular momentum
and Ly, z—component of L. The 1-S state of the hy-
drogen atom in the non-relativistic formalism is an eigen
function of which one of the following sets of operators?

(A) H,L? and Ly
(B) H,L,L? and L,
(C) L? and Lz only

(D) H and Lz only

Q.No:32 GATE-2023

An atom with non-zero magnetic mement has an angular
momentum of magnitude /12 h-~When a beam of such
atoms is passed through,a Stern=Gerlach apparatus, how
many beams does it split into?

Q.No:33 GATE-2023

I’ the vector model of angular momentum applied to
atoms, what is the minimum angle in degrees (in integer)
made by the orbital angular momentum vector and the
positive z axis for a 2p electron?

Q.No:34 GATE-2023

A particle has wavefunction

2 2 2
— —a(z’+y°+
= N ze o+ +2),

U(z,y, 2)

where IV is a normalization constant and « is a positive
constant. In this state, which one of the following options
represents the eigenvalues of L? and L respectively?
Some values of Y,;” are :

0_ /3 +1_ [3 . +i
Y9 =/, Y = /2 cos 0¥ = /& sin fet?

(A) Oand 0

(B) n*
(C) 2h* and 0

and —h

(D) h? and h
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Q.No:35 GATE-2023

A spin % particle is in a spin up state along the x-axis
(with unit vector &) and is denoted as |1, 1),. What is
the probability of finding the particle to be in a spin up
state along the direction Z’, which lies in the xy- plane
and makes an angle 6 with respect to the positive x-axis,
if such a measurement is made?

Q.No:36 GATE-2023

Consider a particle in a two dimensional infinite square
well potential of side L, with 0 <z < L and 0 <y < L.
The wavefunction of the particle is zero only along the
line y = %, apart from the boundaries of the well. If
the energy of the particle in this state is £, what is the
energy of the ground state?

(4) 1B
(B) 2
(©) 2B
D) 3E

Q.No:37 GATE-2024

An electron in the Coulomb field of a proton is in\the
following state of coherent superposition of orthenormal
states Ynim:

1 v
V3 3
Let E4, Fs, and E3 represent the first three energy lev-
els of the system. A sequencé of measurements is done on
the same system at different times. Energy is measured
first at time ¢; and, théwutcome is E>. Then total an-
gular momentuim‘is measuréde«at time to > ¢; and finally
energy is méagured again at t3 > t5. The probability of
finding the system in a state with energy FEo after the
final measurement)is P/9. The value of P is (in
integer).

1
U= 5711100 + —=va10 — [ ¥320

Q.No:38 GATE-2025

Two projectile protons P; and P,, both with spin up
(along the +z direction), are scattered from another fixed
target proton T with spin up at rest in the zy plane, as
shown in the figure. They scatter one at a time. The
nuclear interaction potential between both the projectiles

and the target proton is AL-S , where L is the orbital
angular momentum of the system with respect to the
target, S is the spin angular momentum of the system,
and A is a negative constant in appropriate units. Which
one of the following is correct?

P, O--->

1 F=Y x

(0,0)

Py Q-

Figure 9: Scattering setup diagram

(A) P, will, be scattered in the 4y )direction (upward)
and\P; will be scattered in\the —y direction (down-
ward)

Py"will be scattered in the +y direction (upward)
and P, will be scattered in the +y direction (up-
ward)

Py will bevscattered in the —y direction (downward)
and, Py“will be scattered in the +y direction (up-
ward)

Py will be scattered in the —y direction (downward)
and P, will be scattered in the —y direction (down-
ward)

Q.No:39 GATE-2025

An electron with mass m and charge ¢ is in the spin-up

state
1
0

at timet = 0. A constant magnetic field is applied along
the y-axis, B = By j, where By is a constant. The Hamil-

tonian of the system is
0 —i
>0, Oy = (2 0 >

The minimum time after which the electron will be in
the spin-down state along the z-axis, i.e.

7 ()

_ qBo

H=—-h =
WOy, w o,

(A) 55
B) @
(©) 25
D) 5
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Q.No:40 GATE-2025

A system of three non-identical spinf% particles has the
Hamiltonian

A = o .
HZ?(S1+S2)'537

where §1, gg, and §3 are the spin operators of parti-
cles labelled 1, 2 and 3 respectively, and A is a constant
with appropriate dimensions. The set of possible energy
eigenvalues of the system is

(A) 0, 5, —A
(B) 0, 4, —%
©) o, 3, -4
(D) 0, =%, 5

Q.No:41 GATE-2026

50) - (1)

the tensor product |v1) ® |vs) is

:
()
(D) ;(_12- i)

Q.No:42 GATE-2026

Given

lv1) =

1
—1
1

(A)

N[

(B)

N[

1
1
1

(©)

N

Consider an electron in the energy eigenstate 1911 (%) of
the hydrogen atom. Given that the radial probability
distribution of the electron in such a state takes its max-
imum value at r = nga, where a is the Bohr radius, and
ng is an integer. The value of ng (in integer) is

The radial part of the wavefunction 911 (7) is given by

1
v 24a5

7,677"/20,'

RQl(T’) =

Q.No:43 GATE-2026

Consider the Pauli matrices

(0 1 (0 —i (1 0
92=\1 0) T \i o) 77 \o -1/
The value of

Tr(o: [0z, 0y])
is
A) 24

B

~

C) 4

2

(A)
(B)
(©)
(D) 3

D

(V)

Q.No:44 GATE-2026

Considertwo particles with angular momenta

h
J1 = 2h wand “jo = 5

If the expression
J=5/2, m =8/2) = {

gives an eigenstate of the total angular momentum of the
two, particles, using standard notation.
Hint: Jy|j,m) =+/j(G+1) —m(m £1)[j,m+1)
Which of the following is true?

2 1
(A) C1 = %, Cy — ﬁ

1 2
(B) C1 E, Co = ﬁ

1 1
(C) Cc1 = %, Coy = E
D) c1=0, =1

Q.No:45 GATE-2026

The energy F and degeneracy d of the second excited
state of a three-dimensional, isotropic quantum harmonic
oscillator with angular frequency w are

(A) E=fhw, d=6
(B) E=thw, d=3
(C) E=3hw, d=3
(D) E=5hw, d=6
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Cl|j1 = 2, mi = 1>|j2 = 1/2, mo = 1/2>+
caljs =2, my = 2)|ja = 1/2, my = —1/2)
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Question No. | Entrance with year Answer
1 GATE-2012 -
2 GATE-2012 Option D
3 GATE-2013 Option D
4 GATE-2013 Option C
5 GATE-2013 7.6
6 GATE-2013 0.25
7 GATE-2014 Option D
8 GATE-2014 3.99-4.01
9 GATE-2014 1.99-2.01
10 GATE-2014 1.99-2.01
11 GATE-2015 Option D
12 GATE-2015 Option B
13 GATE-2016 Option C
14 GATE-2016 Option C
15 GATE-2017 Option C
16 GATE-2017 Option C
17 GATE-2017 Option A
18 GATE-2018 Optien B
19 GATE-2019 2.5
20 GATE-2019 0.75
21 GATE-2020 Option D
22 GATE-2020 4
23 GATE-2020 6
24 GATE-2020 1
25 GATE-2021 Option D
26 GATE=2021 4
27 GATE-2022 Option (a,b,d
28 GATE-2022 Option b,d
29 GATE-2022 Optionrc
30 GATE-2022 Option‘a,b,d
31 GATE-2023 Option A
32 GATE-2023 Option B
33 GATE=2023 45
34 GATE-2023 Option C
35 GATE-2023 Option D
36 GATE-2023 Option B
37 GATE-2024 9
38 GATE-2025 Option B
39 GATE-2025 Option B
40 GATE-2025 Option A
41 GATE-2026 Option A
42 GATE-2026 4
43 GATE-2026 Option C
44 GATE-2026 Option A
45 GATE-2026 Option A
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