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3D and Angular Momentum
GATE

https://snboseplc.com/3d-and-angular-
momentum-gate/

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 (x, y) is given by{

V (x, y) = 0 for − a < x < a and − a < y < a
= ∞ elsewhere

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

(A) π2h̄2

ma2

(B) 2π2h̄2

ma2

(C) 5π2h̄2

2ma2

(D) 4π2h̄2

ma2

Q.No:2 GATE-2012

The ground state wavefunction for the hydrogen atom

is given by ψ100 = 1√
4π

(
1
a0

)3/2

e−r/a0 , where a0 is the

Bohr radius.
The plot of the radial probability density, P (r) for the

hydrogen atom in the ground state is

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

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) [L2, Lz] = 0

(B) [Lx, Ly] = ih̄Lz

(C) [Lz, L+] = h̄L+

(D) [Lz, L−] = h̄L−

Q.No:4 GATE-2013

A proton is confined to a cubic box, whose sides have
length 10−12m. What is the minimum kinetic energy of
the proton? The mass of proton is 1.67 × 10−27kg and
Planck’s constant is 6.63× 10−34Js.

(A) 1.1× 10−17J

(B) 3.3× 10−17J

(C) 9.9× 10−17J

(D) 6.6× 10−17J

Q.No:5 GATE-2013

A spin-half particle is in a linear superposition 0.8|↑
⟩ + 0.6|↓⟩ of its spin-up and spin-down states. If |↑⟩
and |↓⟩ are the eigenstates of σz then what is the ex-
pectation value, up to one decimal place, of the operator
10σz + 5σx? Here, symbols have their usual meanings.

Q.No:6 GATE-2013

Consider the wave function Aeikr(r0/r), where A is the
normalization constant. For r = 2r0, the magnitude of
probability current density up to two decimal places, in
units of (A2h̄k/m), is .

Q.No:7 GATE-2014

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

Ψ(r⃗) =
1√
πa30

e−(r/a0)

where a0 is constant. The expectation value of the
operator Q̂ = z2 − r2, where z = r cos θ is (Hint:∫∞
0
e−αrrndr = Γ(n)

an+1 = (n−1)!
an+1 )

(A) −a20/2

(B) −a20

(C) −3a20/2

(D) −2a20
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Q.No:8 GATE-2014

A particle of mass m is subjected to a potential,

V (x, y) =
1

2
mω2(x2 + y2),−∞ ≤ x ≤ ∞,−∞ ≤ y ≤ ∞

The state with energy 4h̄ω is g-fold degenerate. The
value of g is .

Q.No:9 GATE-2014

A hydrogen atom is in the state

Ψ =

√
8

21
ψ200 −

√
3

7
ψ310 +

√
4

21
ψ321,

where n, l,m in ψnlm denote the principal, orbital and
magnetic quantum numbers, respectively. If L⃗ is the
angular momentum operator, the average value of L2 is

h̄2.

Q.No:10 GATE-2014

If L+ and L− are the angular momentum ladder opera-
tors, then, the expectation value of (L+L− + L−L+), in
the state |l = 1,m = 1⟩ of an atom is . h̄2.

Q.No:11 GATE-2015

Let L⃗ and p⃗ be the angular and linear momentum opera-
tors, respectively, for a particle. The commutator [Lx, py]
gives

(A) −ih̄pz

(B) 0

(C) ih̄px

(D) ih̄pz

Q.No:12 GATE-2015

An operator for a spin-1/2 particle is given by Â = λσ⃗·B⃗,

where B⃗ = B√
2
(x̂+ ŷ), σ⃗ denotes Pauli matrices and λ is

a constant. The eigenvalues of Â are

(A) ±λB/
√
2

(B) ±λB

(C) 0, λB

(D) 0,−λB

Q.No:13 GATE-2016

σx, σy and σz are the Pauli matrices. The expression
2σxσy + σyσx is equal to

(A) −3iσz

(B) −iσz
(C) iσz

(D) 3iσz

Q.No:14 GATE-2016

Let |l,m⟩ be the simultaneous eigenstates of L2 and Lz.

Here L⃗ is the angular momentum operator with Carte-
sian components (Lx, Ly, Lz), l is the angular momen-
tum quantum number and m is the azimuthal quantum
number. The value of ⟨1, 0|(Lx + iLy)|1,−1⟩ is

(A) 0

(B) h̄

(C)
√
2h̄

(D)
√
3h̄

Q.No:15 GATE-2017

The wavefunction of which orbital is spherically symmet-
ric:

(A) px

(B) py

(C) s

(D) dxy

Q.No:16 GATE-2017

For the Hamiltonian H = a0I + b⃗.σ⃗ where a0 ∈ R, b⃗ is a
real vector, I is the 2× 2 identity matrix, and σ⃗ are the
Pauli matrices, the ground state energy is

(A) |b|

(B) 2a0 − |b|

(C) a0 − |b|

(D) a0

Q.No:17 GATE-2017

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

(A) 6

(B) 12

(C) 8

(D) 10
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Q.No:18 GATE-2018

Which one of the following represents the 3p radial wave
function of hydrogen atom? (a0 is the Bohr radius)

Figure 5: (A)
Figure 6: (B)

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

H =
p2

2m
+

1

2
mω2r2

where ω is the angular frequency. The expectation value
of r2 in the first excited state of the oscillator in units of
h̄

mω (rounded off to one decimal place) is .

Q.No:20 GATE-2019

Electrons with spin in the z-direction (ẑ) are passed
through a Stern-Gerlach (SG) set up with the magnetic
field at θ = 60◦ from ẑ. 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

.[
σx =

(
0 1
1 0

)
, σy =

(
0 −i
i 0

)
, σz =

(
1 0
0 −1

)]
Q.No:21 GATE-2020

Ŝx denotes the spin operator defined as Ŝx = h̄
2

(
0 1
1 0

)
.

Which one of the following is correct?

(A) The eigenstates of spin operator Ŝx are |↑⟩x ≡
(
1
0

)
and |↓⟩x ≡

(
0
1

)

(B) The eigenstates of spin operator Ŝx are |↑⟩x ≡
1√
2

(
1
−1

)
and |↑⟩x ≡ 1√

2

(
1
1

)

(C) In the spin state 1
2

(
1√
3

)
, upon the measurement of

Ŝx, the probability for obtaining |↑⟩x is 1
4

(D) In the spin state 1
2

(
1√
3

)
, upon the measurement of

Ŝx, the probability for obtaining |↑⟩x 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) = A r

a exp
(
− r

2a

)
, where A is

the normalization constant and a is positive constant of
suitable dimensions. If γa is the most probable distance
of the particle from the force center, the value of γ is

.

Q.No:23 GATE-2020

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

Q.No:24 GATE-2020

An electron in a hydrogen atom is in the state n = 3, l =
2,m = −2. Let L̂y denote the y-component of the orbital

angular momentum operator. If (∆L̂y)
2 = αh̄2, the value

of α is .

Q.No:25 GATE-2021

Consider a spin S = h̄/2 particle in the state |ϕ⟩ =

1
3

(
2 + i
2

)
. The probability that a measurement finds

the state with Sx = +h̄/2 is

(A) 5/18

(B) 11/18

(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√
24
a−3/2 r

a
e−r/2a

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 × 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 l and j correspond to the orbital
angular momentum and the total angular momentum,
respectively.

(a) l2, j2

(b) j2, jZ

(c) j2, lZ

(d) lZ , jZ

Q.No:28 GATE-2022

Pauli spin matrices satisfy

(a) σασβ − σβσα = iϵαβγσγ

(b) σασβ − σβσα = 2iϵαβγσγ

(c) σασβ + σβσα = ϵαβγσγ

(d) σασβ + σβσα = 2δαβ

Q.No:29 GATE-2022

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

(a) 1
i

∂
∂s

(b) 1
i

(
∂
∂s + 1

s

)
(c) 1

i

(
∂
∂s + 1

2s

)
(d)

(
∂
∂s + 1

s

)
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

V (r) =

{
0 for r < a
∞ for r ≥ a

The ground state energy and wavefunction of the par-
ticle are E0 and R(r), respectively. Then which of the
following options are correct?

(a) E0 = h̄2π2

2ma2

(b) − h̄2

2m
1
r2

d
dr

(
r2 dR

dr

)
= E0R (r < a)

(c) − h̄2

2m
1
r2

d2R
dr2 = E0R (r < a)

(d) R(r) = 1
r sin

(
πr
a

)
(r < a)

Q.No:31 GATE-2023

H is the Hamiltonian,L⃗ the orbital angular momentum
and LZ , z−component of L⃗. 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,L2 and LZ

(B) H, L⃗, L2 and Lz

(C) L2 and LZ only

(D) H and LZ only

Q.No:32 GATE-2023

An atom with non-zero magnetic moment has an angular
momentum of magnitude

√
12 h̄. When a beam of such

atoms is passed through a Stern-Gerlach apparatus, how
many beams does it split into?

(A) 3

(B) 7

(C) 9

(D) 25

Q.No:33 GATE-2023

In 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

ψ(x, y, z) = N z e−α(x2+y2+z2),

whereN is a normalization constant and α is a positive
constant. In this state, which one of the following options
represents the eigenvalues of L2 and LZ respectively?

Some values of Y m
ℓ are :

Y 0
0 =

√
1
4π , Y

0
1 =

√
3
4π cos θ, Y ±1

1 =
√

3
8π sin θ e±iϕ

(A) 0 and 0

(B) h̄2 and −h̄

(C) 2h̄2 and 0

(D) h̄2 and h̄
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Q.No:35 GATE-2023

A spin 1
2 particle is in a spin up state along the x-axis

(with unit vector x̂) and is denoted as | 12 ,
1
2 ⟩x. What is

the probability of finding the particle to be in a spin up
state along the direction x̂′, which lies in the xy- plane
and makes an angle θ with respect to the positive x-axis,
if such a measurement is made?

(A) 1
2 cos

2 θ
4

(B) cos2 θ
4

(C) 1
2 cos

2 θ
2

(D) cos2 θ
2

Q.No:36 GATE-2023

Consider a particle in a two dimensional infinite square
well potential of side L, with 0 ≤ x ≤ L and 0 ≤ y ≤ L.
The wavefunction of the particle is zero only along the
line y = L

2 , apart from the boundaries of the well. If
the energy of the particle in this state is E, what is the
energy of the ground state?

(A) 1
4E

(B) 2
5E

(C) 3
8E

(D) 1
2E

Q.No:37 GATE-2024

An electron in the Coulomb field of a proton is in the
following state of coherent superposition of orthonormal
states ψnlm:

Ψ =
1

3
ψ100 +

1√
3
ψ210 −

√
5

3
ψ320

Let E1, E2, and E3 represent the first three energy lev-
els of the system. A sequence of measurements is done on
the same system at different times. Energy is measured
first at time t1 and the outcome is E2. Then total an-
gular momentum is measured at time t2 > t1 and finally
energy is measured again at t3 > t2. The probability of
finding the system in a state with energy E2 after the
final measurement is P/9. The value of P is (in
integer).

Q.No:38 GATE-2025

Two projectile protons P1 and P2, both with spin up
(along the +z direction), are scattered from another fixed
target proton T with spin up at rest in the xy 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 λ L⃗ · S⃗, where L⃗ is the orbital
angular momentum of the system with respect to the
target, S⃗ is the spin angular momentum of the system,
and λ is a negative constant in appropriate units. Which
one of the following is correct?

Figure 9: Scattering setup diagram

(A) P1 will be scattered in the +y direction (upward)
and P2 will be scattered in the −y direction (down-
ward)

(B) P1 will be scattered in the +y direction (upward)
and P2 will be scattered in the +y direction (up-
ward)

(C) P1 will be scattered in the −y direction (downward)
and P2 will be scattered in the +y direction (up-
ward)

(D) P1 will be scattered in the −y direction (downward)
and P2 will be scattered in the −y direction (down-
ward)

Q.No:39 GATE-2025

An electron with mass m and charge q is in the spin-up
state (

1
0

)
at time t = 0. A constant magnetic field is applied along
the y-axis, B = B0 ĵ, where B0 is a constant. The Hamil-
tonian of the system is

H = − h̄ωσy, ω =
qB0

2m
> 0, σy =

(
0 −i
i 0

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

1√
2

(
1
−1

)
,

is

(A) π
8ω

(B) π
4ω

(C) π
2ω

(D) π
ω
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Q.No:40 GATE-2025

A system of three non-identical spin– 1
2 particles has the

Hamiltonian

H =
A

h̄2
(S⃗1 + S⃗2) · S⃗3,

where S⃗1, S⃗2, and S⃗3 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, A
2 , −A

(B) 0, A
2 , −

A
2

(C) 0, 3A
2 , −

A
2

(D) 0, − 3A
2 ,

A
2

Q.No:41 GATE-2026

Given

|v1⟩ =
1√
2

(
1
i

)
and |v2⟩ =

1√
2

(
1
−i

)
,

the tensor product |v1⟩ ⊗ |v2⟩ is

(A) 1
2


1
−i
i
1



(B) 1
2


1
i
−i
1


(C) 1

2

(
1 i
i −1

)

(D) 1
2

(
1 i
−i 1

)

Q.No:42 GATE-2026

Consider an electron in the energy eigenstate ψ211(r⃗) of
the hydrogen atom. Given that the radial probability
distribution of the electron in such a state takes its max-
imum value at r = n0a, where a is the Bohr radius, and
n0 is an integer. The value of n0 (in integer) is .

The radial part of the wavefunction ψ211(r⃗) is given by

R21(r) =
1√
24a5

re−r/2a.

Q.No:43 GATE-2026

Consider the Pauli matrices

σx =

(
0 1
1 0

)
, σy =

(
0 −i
i 0

)
, σz =

(
1 0
0 −1

)
.

The value of
Tr(σz[σx, σy])

is

(A) 2i

(B) i

(C) 4i

(D) i
2

Q.No:44 GATE-2026

Consider two particles with angular momenta

j1 = 2h̄ and j2 =
h̄

2
.

If the expression

|j = 5/2, m = 3/2⟩ =

{
c1|j1 = 2, m1 = 1⟩|j2 = 1/2, m2 = 1/2⟩+
c2|j1 = 2, m1 = 2⟩|j2 = 1/2, m2 = −1/2⟩

gives an eigenstate of the total angular momentum of the
two particles, using standard notation.

Hint: Ĵ±|j,m⟩ =
√
j(j + 1)−m(m± 1)|j,m± 1⟩

Which of the following is true?

(A) c1 =
2√
5
, c2 =

1√
5

(B) c1 =
1√
5
, c2 =

2√
5

(C) c1 =
1√
2
, c2 =

1√
2

(D) c1 = 0, c2 = 1

Q.No:45 GATE-2026

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

(A) E = 7
2 h̄ω, d = 6

(B) E = 7
2 h̄ω, d = 3

(C) E = 5
2 h̄ω, d = 3

(D) E = 5
2 h̄ω, d = 6
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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 Option 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 Option c
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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