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CSIR NET Questions

Q.No:1 CSIR-Dec-2014

Consider the normalized wavefunction

¢ = a19¥11 + azPio + azhr_1

where 1, is a simultaneous normalized eigenfunction
of the angular momentum operators L? and L,, with
eigenvalues [(I + 1)h? and mh respectively. If ¢ is an
eigenfunction of the operator L, with eigenvalue #, then

1 1
1. (11:70,3:5’612:E
_ 1 _ 1
2. a1—a3—2,a2— 5
1 1
3. a1:a3—5,a2:7—2

Q.No:2 CSIR-Dec-2014

Let & = (01,09,03), where 07,09, 05 are the Pauli ma-
trices. If & and b are two arbitrary constant vectots in
three dimensions, the commutator [a.c2, Bdé] is equal‘te
(in the following I is the identity matrix)

=}

1. (E_i )(0’1 + 09 + 0'3)

x b).c

<18

2. 2i(
3. (@b)I

4. |&|b|I

Q.No:3 CSIR-June-2015

The ratio of the energy of the first excited state Ey, to
that of the ground state F,. of a particle in a three-
dimensional rectangular box of sides L,L and L/2, is

1. 3:2
2. 2:1
3. 4:1

4. 4:3

Q.No:4 CSIR-June-2015

If L; are the components of the angular momentum op-
— -
erator L, then the arrow operator Zi:1,2,3 HL, L,} , Ll}

equals

1. I

2.

[\

3.

w

_>
I
i3
4 -1

Q.No:5 CSIR-Dec-2015

Let 91 denote the eigenstates of a hydrogen”atom in
the usual notation. The state

%[21/)200 — 3091 L AN Tt~ V511

is an’eigenstate of

1. I, but not of the Hamiltonian or L,
2. the Hamiltenian/but not of L2 or L,
3. the Hamiltonian, L? and L,

4. &2 and L., but not of the Hamiltonian

Q.No:6 CSIR-Dec-2015

The Hamiltonian for a spin-1/2 particle at rest is given
by H = Ey(0, + ao,), where o, and o, are Pauli spin
matrices and Ey and « are constants. The eigenvalues of
this Hamiltonian are

1. £EpvV1+ a?
2. +EyV/T — o2
3. Ep (doubly degenerate)

4. Ey (1£30?)

Q.No:7 CSIR-Dec-2015

The product of the uncertainties (AL, )(AL,) for a par-
ticle in the state al|l,1) 4+ b|1, —1) (where |I,m) denotes
an eigenstate of L? and L) will be a minimum for

1. a = =+ib

2.a=0and b=1

3. az?andb:%
4. a ==b
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Q.No:8 CSIR-June-2016

If ﬁz, Iiy and L, are the components of the angular mo-
mentum operator in three dimensions, the commutator

[ﬁm, I:mﬁyLz] may be simplified to

Q.No:9 CSIR-June-2016

Suppose that the Coulomb potential of the hydrogen
atom is changed by adding an inverse-square term such
that the total potential is V(7) = —ZTez + %, where g is
a constant. The energy eigenvalues F,;,, in the modified
potential

1. depend on n and [, but not on m
2. depend on n but not on I and m
3. depend on n and m, but not on [

4. depend explicitly on all three quantum numbers n, [
and m

Q.No:10 CSIR-June-2017

Let 0,,0y,0. be the Pauli matrices and z'o, + y'o, H
Z'o, = exp (19%) X [xo, + Yo, + 20| exp (—’9%). Thén
the coordinates are related asfollows

z’ cosf —sinf 0 T
1. ¥ ] =|sin® cos® 0 Yy
z 0 0 1 z
z’ cos sinf O T
2. [y | = —sind cosf® 0 Y
z 0 0 1 4
x’ coS g Sin. % 0 T
3.y | = —'sin g cos 5 \ 0 Y
Z 0 0 1 z
z’ éos § —sin g 0 T
4. [y | = | sin§  cos g 0 Y
z 0 0 1 z

Q.No:11 CSIR-Dec-2017

The normalized wavefunction of a particle in three di-
mensions is given by ¥(r,0,¢) = \/8;76_”2“, where
a > 0 is a constant. The ratio of the most probable
distance from the origin to the mean distance from the

. . . oo —
origin, is. [You may use [, dzz"e " = nl.]

1.1/3
2. 1/2
3. 3/2

e

2/3

Q.No:12 CSIR-June-2018

A particle of mass m is confined in a three-dimensional
box by the potential

_J 0, 0<zx,9,2<a,
Viw,y,2) = { oo otherwise.
The number of eigenstates of Hamiltonian ‘with energy
9n3n? .
2ma?

1.1
2.
3.

= o

4.

Q.No:13 CSIR-June-2018

The Hamiltonian of a spin—% particle in a magnetic field
B is given byH = pr’.&, where p is a real constant
and ‘G\= (04,0,,0,) are the Pauli spin matrices. If
B'= (Bg, Bo,0) and the spin state at time ¢ = 0 is an
eigenstate of o, then of the expectation values (o), (o)
and’ (o)

1. only (o) changes with time
2. only (o) changes with time
3. only (0,) changes with time

4. all three change with time

Q.No:14 CSIR-June-2018

Two Stern-Gerlach apparatus S; and Sy are kept in a
line (z-axis). The directions of their magnetic fields are
along the positive z- and y-axes, respectively. Each ap-
paratus only transmits particles with spins aligned in the
direction of its magnetic field. If an initially unpolarized
beam of spin—% particles passes through this configura-
tion, the ratio of intensities Iy : Iy of the initial and final
beams, is

Figure 1: Stern-Gerlach setup diagram

1. 16:1
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Q.No:15 CSIR-Dec-2018

The ground state energy of an anisotropic harmonic os-
cillator described by the potential V (z,y, z) = %mw2x2+
2mw?y? 4+ 8mw?2z? (in units of hw) is

1. 5/2

2.7/2

3. 3/2

4. 1/2

Q.No:16 CSIR-Dec-2018

Let the wavefunction of the electron in a hydrogen atom
be

1 2 1
Y(r) = %@oo(ﬁ + \/;1521—1(7:3 - %%00(7)

where ¢,,;., are the eigenstates of the Hamiltonian in the
standard notation. The expectation value of the energy
in this state is

1. —10.8eV
2. —6.2eV
3. —9.5eV
4. —=5.1eV

Q.No:17 CSIR-Dee-2018

Consider the operator, A, Lyp, — L.p,, where L; and
p; denote, respectively,ythe components of the angular
momentum and<momentum operators. The commuta-
tor [Ag,z], whereya is the z-component of the position
operator, is

1. —ih(zp, + ypy)
2. —ih(zp, — ypy)
3. th(zp. + ypy)

4. ih(zp. — ypy)

Q.No:18 CSIR-Dec-2018

If the position of the electron in the ground state of a
Hydrogen atom is measured, the probability that it will
be found at a distance r > ag (ag being Bohr radius) is
nearest to

1. 0.91
2. 0.66
3. 0.32
4. 0.13

Q.No:19 CSIR-Dec-2018

A system of spin-:

5 Darticles is prepared toybe in the
eigenstate of o, with eigenvalue +1. The system is ro-
tated by an angle of 60° about the z=axis. After the
rotation, the fraction of the particlessthat will be mea-
sured to be in the eigenstate of ¢, with eigenvalue +1

1S

1. 1/3
/3
1/4

LA

3/4

Q.N0:20"CSIR-June-2019

A particle moving in a central potential is described by
a ‘wavefunction ¢ (r) = zf(r) where r = (z,y,2) is the
position vector of the particle and f(r) is a function of
r = |r|. If L is the total angular momentum of the par-
ticle, the value of L2 must be

1. 2k
h2
412

342
1h

= W N

Q.No:21 CSIR-Dec-2019

The normalized wavefunction of a  particle
in three dimensions is given by ¢(x,y,z2)
Nzexp[—a(z? + y? + 2%)] where a is a positive constant
and N is a normalization constant. If L is the angular
momentum operator, the eigenvalues of L? and L.,
respectively, are

1. 2h% and h
2. K% and 0

3. 2h% and 0
4. 3% and 3h
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Q.No:22 CSIR-Dec-2019

The wavefunction of a particle of mass m, constrained to
move on a circle of unit radius centered at the origin in
the xy-plane, is described by 1(¢) = A cos? ¢, where ¢ is
the aziamuthal angle. All the possible outcomes of mea-
surements of the z-component of the angular momentum
L. in this state, in units of A, are

1. £1 and 0
2. +1
3. £2
4. £2 and 0

Q.No:23 Assam CSIR-Dec-2019

The Hamiltonian of a spin % particle, precessing in the
presence of a magnetic field B along the positive z-
direction, is H = —upBS,, where up is the Bohr mag-
neton. At time ¢ = 0, the particle is in an eigenstate of
S, with eigenvalue 7i/2. The earliest time when it will
be in the eigenstate of S, with eigenvalue 7/2, is

L. ©/(2upB)
2. 7/(45B)
3. 37/(215B)
4. 27/(3upB)

Q.No:24 CSIR-June-2020

An angular momentum eigenstate g, 0% is rotated by an
infinitesimally small angle € about the positive y-axisin
the counter clockwise direction." The rotated ‘state; to
order ¢ (upto a normalisation constant), is

L (@) 13,0) = 53/5G + D5, 1) + |jrs 1)
2. (b) [5,0) — 53307 + D)(15, A [ r=1))
3. (¢) 5,0) — §v/3(7 — DU =), —1))
4. (d) 17,0) = Sx4 (i D) — §3/7( = 1)lj, -1)

Q.No:25 CSIR-June-2020

The state of an electron in a hydrogen atom is

) = )+ )+ -1

1 1 1
—11,0,0) + —[2,1,0) + —|3,1,
7 Vel 7

where |n, [, m) denotes common eigenstates of ﬁ, L2 and
L. operators in the standard notation. In a measure-
ment of ﬁz for the electron in this state, the result is
recorded to be 0. Subsequently a measurement of energy
is performed. The probability that the result is Fy (the
energy of the n = 2 state) is

1. (a) 1
2.

- W
P
o

Q.No:26 CSIR-Feb-2022

Which of the following two physical quantities cannot be
measured simultaneously with arbitrary accuracy for the
motion of a quantum particle in three dimensions?

1. square of the radial position and z -component of
angular momentum (72 and L)

2. x - components of linear and angular momenta (p,
and L, )

3. y -component of position and’z -eomponent of an-
gular thomentum (y and L%

4. (squares of the magnitudes of the linear and angular
momenta (p? and L?)

Q.No:27 CSIR~Sep-2022

Consider the Hamiltonian H = Al 4+ Bo, + Coy, where
A, B and Chare/positive constants, I is the 2 X 2 matrix
and @, and, o, are Pouli matrices. If the normalized
eigenveetor corresponding to its largest energy eigenvelue

1
. 1 .
is —= , then y is
1. _B+iC
N ,/B2+C2
2 A—1B
© VATL B
3 A—iC
A /A2+C2

4 B—iC

Q.No:28 CSIR-Sep-2022

The momentum space representation of the Schrodinger
equation of a particle in a potential V (7) is

(IpP+8(V2)) v(p,0) = ihgr b (p, )

where (V,); = 8ip" and (3 is a constant. The potential
is (in the following Vj and a are constants.)

1. Voe /e’
2. Voe /et
3. Vo(%)?
4. Vo(£)*
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Q.No:29 CSIR-Sep-2022

The Hamiltonian of a spin-1/2 particle in a magnetic field
B = Byk is given by H = AS - B, where S is its spin (in
units of ) and A is constant. If the average spin density
is (S) for an ensemble of such non-interacting particles,
then 4 (S,) is

Q.No: 30 CSIR-Dec-2023

The Schrédinger wave function for a stationary state of
an atom in spherical polar coordinates (r, 8, ¢) is

Y = Af(r)sinf cosf e

where A is the normalization constant. The eigenvalue
of L, for this state is

1. 2h
2. h
3. —2h

4. —h

Q.No: 31 CSIR-Dec-2023

The Hamiltonian for two particles with angular momen-
tum quantum numbers [} = lo=.1,"g

~ € ~ ~ \ ~ ~
1= [(L1 + Byedio — (F1s + LQZ)ﬂ .

If the operator)for ‘the’ total angular momentum is
given by L =Ly + Lo, then the possible energy eigenval-
ues for states with | = 2, (where the eigenvalues of L?
are I(I 4+ 1)h?) are

1. 3e€,2€, —¢€

2. 6e, be, 2¢

3. 3€,2¢,€

4. —3e,—2¢,€

Q.No: 32 CSIR-Dec-2023

The normalized wave function of an electron is

\/gylo(ev ¢)X— + \/gyll(ev ¢)X+‘| ’

where Y, are the normalized spherical harmonics and
x+ denote the wavefunction for the two spin states with
eigenvalues j:%h. The expectation value of the z compo-
nent of the total angular momentum in the above state
is

() = R(r)

o=

| |
St St mio el

=t =t

=

Q.No:.33'CSIR-Dec-2023
A quantum system is described by the Hamiltonian
H=~Jo, + \(t)o,,

where o; (i =\z,9, z) are Pauli matrices, J and X\ are
positive.constants (J > A) and

fi
A#) = 0 fort<O
A forO<t<T

At t < 0, the system is in the ground state. The
probability of finding the system in the excited state at
t > T, in the leading order in A is

A2 . 2 JT
1. $yz sin” %
2 A—zsin2£
cJ2 h
3 A—zsinQE
T 42 R

A2 2 JT
4. 167z Sin” %

Q.No: 34 CSIR-June-2023

The Hamiltonian of a two-dimensional quantum har-
2 2

monic oscillator is H = % + 21)7’;1 + %moﬂx? + 2mw?y?

where m and w are positive constants. The degeneracy

of the energy level 2—27hw is

1. 14
2. 13
3.8
4. 7
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Q.No: 35 CSIR-JUNE-2023

The radial wavefunction of hydrogen atom with the prin-
cipal quantum number n = 2 and the orbital quantum
number [ = 0 is Ry = N(1 — & )e~2a, where N is the
normalization constant. The best schematic representa-
tion of the probability density P(r) for the electron to
be between r and r + dr is

P(r) P(r)
/\/\f /\/\'

Figure 2: Option 1 Figure 3: Option 2

Figure 5: Option4

Figure 4: Option 3

Q.No: 36 CSIR-JUNE-2023

Electrons polarized along the x-direction, arein a®mag-
netic field Byi+ B (j cos wt+ksin wt), where Bt >> By
and w are positive constants. The value of aw for which
the polarization-flip process is‘a resonant one, is

L. 2pup|Bs|
2. pB|Bi|

3. pp|Bs|

4. 2p|By|

Q.No: 37 CSIR-JUNE—-2023

The value of (L2) in thé.state |¢) for which L?|¢) =
61%|¢) and L.|¢) = 2hfw), is

1. 0
2. 4h?
3. 2h?

4. K?

Q.No: 38 CSIR-JUNE—-2024

If L is the orbital angular momentum operator and &
are the Pauli matrices, which of the following operators
commutes with & - L7

1.

]
T Tl
+ I

NSt oSt
QL Qu

o
N
+
>t
Qu

— ho

=~
N

Q.No: 39 CSIR-JUNE—-2024

A hydrogen atom is in the state

[v) = \/§|¢200> + \/31/}210) + \/5\%11),

where |t ) are normalized eigenstates, If L2 is mea-
sured in this state, the probability ef obtaining the value
20 is:

=
MJ)—‘
Bl

€].4

=~
3w

Q.No: 40 CSIR-JUNE-2024

A quantum mechanical system is in the angular momen-
tum state |l = 4,1, = 4|. The uncertainty in L, is

1. 2h
2.0

3. hW/2

4. h

Q.No: 41 CSIR- Dec-2024

An electron is in the spin state

=5 (%)

in the S, basis. A measurement of S, is made on this
state. The probabilities of getting /2 and —#/2 are

Ll
21,8
3.3, %
13,4
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Q.No: 42 CSIR- Dec-2024

Q.No: 45 CSIR- June-2025

Two non-interacting identical spin—% particles, each of A spin—3 system is prepared in the initial state

2
mass m, are placed in a two—dimensional infinite square

well of side L. The single—particle spatial wavefunction
is given by

Prgny (T, ) = % sin(n’fx) Sin(%gfy)

where n, and n, are positive integers. If the parti-
cles are in a total spin state |[j = 1,m = 0), the lowest
possible energy eigenvalue is

1 5h3n2
* 2mL?
K22
2. mL?2
2h3 72
3. =
Th?n?
4. 2mL?2

Q.No: 43 CSIR- Dec-2024

A spherical cavity of radius ry has an impenetrable wall.
A quantum particle of mass m inside the cavity is in its
ground state. The pressure exerted on the cavity wall is

2
1. 7rh5
4mrg
wh?

2. Mk
0

3 w2h2
2mrg
232

w“h

4. 4mrg

Q.No: 44 CSIR- Dec-2024

For a system of two electrons, define an operator

w
>
>
>
>

A="5 (8 - a)y(Sy- @) — S-S,

where @ is an arbitrary vector, and Sy and S, are spin
operators. The eigenvalues of A (in units of %) are

3 3

11,1, 3 3

1 3 3

3. 5’ 1’ 5’ 5
1 1

4.0, 4,1 1

EIOE

o) =5 Ity

where |+) and |—) are eigenstates of S, with eigenvalues
+h/2 and —h/2 respectively. A measurement of S, is
followed by a measurement of S, on the system. What
is the probability that the measurement of S, yields a
value +h/27

I
9 2+4\/§
3. =8
4. 3

Q.No:/46 CSIR- Dec-2025

If L(is_the angular momentum joperator for a quantum

partiele;-then L x L.is
-7
9. —ihL
3.

o
Il

47 ik

Q.No: 47 CSIR- Dec-2025

A spin—% particle is in a magnetic field B = B2+ B,y for
which the spin-dependent Hamiltonian is H=-AS-B

(A is a positive constant and S is the spin-operator). The
eigenvalues of the Hamiltonian are

1. £4(B, + B,)

2. £48 /B, B,
3. +4k (B2 4 B2)*/
4. 0

Q.No: 48 CSIR- Dec-2025

A quantum particle of mass m is moving in a poten-
2

tial V(z,y) = 2= [5(z* + ¢?) 4+ 8zy| . The lowest en-

ergy eigenstate with degeneracy has an energy

1. %hw
2. %hw
3. 4dhw
4. %hw
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Q.No: 49 CSIR- Dec-2025 Q.No: 52 CSIR- June-2026
For a particle in the angular momentum state |[ = The Hamiltonian of a quantum mechanical system is
4,m; = 2), the expectation value of the operator L,L, given by H = gL2 + BhL,.Here, o and [ are positive
is constants and L represents the orbital angular momen-
) tum operator. If [ and m are the azimuthal and magnetic
L. —h quantum numbers then the lowest energy state for this
9 B2 system is:
3. _ip2 l.l=1lm=—-1fora=0
4. ih2 2.Z:O,m:0fora<§

.l=1m=—-1fora<
Q.No: 50 CSIR- June-2026

A beam of copper atoms (Cu : [Ar]4s'3d'?) is passed
through a Stern-Gerlach setup (see figure). If the gra-
dient of the z-component of the magnetic field in the
z-direction is 10® Tesla/m, then the magnitude of the
z-component of the force on an atom is:

(Here pp is the Bohr magneton.)

v @

4. l=1,m=+1fora<

z
'

Profie of [
pole pleces

1. 5 x 10%2up
2. 103up
3.0

4. 27 x 103up

Q.No: 51 CSIR- June-2026

Consider the spin matrixS; projected along the radial di-
rection in spherical\polar,coordinates (7,0, ¢). The prob-
ability that a measurement’ofe.S,. on the state

.0
_( sin§
1) <e’¢ cos g)

will yield the value % is:
1. sin® 6

2. cos? 6

N[
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Option 2
Option 1
Option 2
Option 2
Option 1
Option 4
Option 1
Option 1
Option 2
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Option 3
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Option 1
Option 2
Option 4
Option 1
Option3
Option 4
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Option 3
Option 3
Option 1
Option 4
Option 4
Option,2
Optionyl
Option\3
Option/2
Option 4
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Option 4
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Option 4
Option 1
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