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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q1. [Dec 2015] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2015 Dec 3.5M

A Hermitian operator O has two normalized eigenstates

|1) and |2) with eigenvalues 1 and 2, respectively. The
two states

|lu) = cos 8|1) + sin 8|2) and |v) = cos ¢|1) + sin ¢p|2)
are such that (v|0|v) =7/4and (u | v) = 0. Which of

the following are possible values of 8 and ¢ ?

1. Bz—gandti):g
2. ngandcp:g

3. 9=—gand¢>=g
4, 9=gand¢=—g
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q2. [June 2015] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2015 June 3.5M

The wavefunction of a particle in onedimension is
denoted by ¥ (x) in the coordinate representation
and by ¢(p) = [ Y(x)e P*/"dx in the momentum
representation. If the action of an operator T on

Y (x) is given by Ty (x) = Y(x + a), where ais a
constant, then T¢(p) is given by

1. —%aqu(p)
P (p)
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q3. [June 2015] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2015 June 3.5M

A particle moves in one dimension in the potential

V= %k(t)xz, where k(t) is atime dependent

parameter. Then % (V). the rate of change of the

expectation value (V) of the potential energy, is
1dk
.Z. EE

ldk , 2y, 1 , 2
2dtx>+2m(p)

P
3. = (xp + px)
- SXp + px
4

L0k p 2
2dtx>

2y 4 k&
X )+2m(xp+px}
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Q4. [June 2015] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2015 June oM

. . . 1
A particle of mass mis in a potential V = E'mwzxz,

) 2 mw [ ip
where w is a constant. Leta = |— (x —p). In
2h maw

the Heisenberg picture i—? is given by

1. wa

2
3. wa'
i i
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Q5. [June 2015] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2015 June oM

Two different sets of orthogonal basis vectors

{( ) ( )}and{ (1) \/_( )}are given for a two-

dimensional real vector space. The matrix

representation of a linear operatorﬁ in these bases

are related by a unitary transformation. The unitary
matrix may be chosen to be

1. (2 _01)
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Q6. [Dec 2016] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2016 Dec 3.5M

Consider the two lowest normalized energy
eigenfunctions Y,(x) and Y;(x) of a one
dimensional system. They satisfy ¥,(x) = Yy(x)

and P, (x) = o 2o

dx
expectation value of the momentum operator in the

, where « is a real constant. The

state Y, is
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q7. [Dec 2016] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2016 Dec

3.5M

. d .
Consider the operatora = x + - acting on smooth

functions of x. The commutator [a, cosx] is

1. —sinx
2. COSX
3. —COSXx

4.0

Q8. [June 2016] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2016 June

3.5M

The eigenstates corresponding to eigenvalues Ey
and E, of a time-independent Hamiltonian are |1)
and |2) respectively. If at t = 0, the system is in a
state |Y(t = 0)) =sinf|1) + cosf|2) the value of

(Y(t) | Y(t)) attime t will be
1.1

2. (Eysin?0 + EZCOSZQ)/\/Elz + E%

3. elE1t/hging + elk2t/McosP
4. e E1t/hgin2g 4 e~iE2t/hcog20
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q9. [June 2016] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2016 June 5M

Consider a gas of Cs atoms at a number density of
1012 atoms/cc. When the typical inter-particle
distance is equal to the thermal de Broglie
wavelength of the particles, the temperature of the
gas is nearest to (Take the mass of a Cs atom to be
22.7 X 107%% kg.)

1.1x 107°K
2.7 %X 10K
3.1x 103K
4.2 x1078K
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q10. [Dec 2017] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2017 Dec 3.5M

The state vector of a one-dimensional simple
harmonic oscillator of angular frequency w, at time

t =0, is given by | (0)) = % [10) + |2)], where |0)
and |2) are the normalized ground state and the
second excited state, respectively. The minimum
time t after which the state vector |Y(t)) is
orthogonalto |y (0)), is

I.%
3.%
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q11. [Dec 2017] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2017 Dec 3.5M

The normalized wavefunction in the momentum
space of a particle in one dimension is

a
o(p) = T g where a and f are real constants.

The uncertainty Ax in measuring its position is
1 \/E%

2 \/E%

3 %ﬁ

ha
4 (L2
B B
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q12. [Dec 2017] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2017 Dec 3.5M

Let x denote the position operator and p the

canonically conjugate momentum operator of a
particle. The commutator

%pz +sz,%pz + yx?
where [ and y are constants, is zero if
1. y=p

2.y =20

3. y=+2p

4. 2y =p

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 12/ 36



PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q13. [Dec 2017] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2017 Dec 5M
The Hamiltonian of a two-level quantum system is
1 1 1 : L . .
H = zha) (1 _1) possible initial state in which

the probability of the system being in that quantum
state does not change with time, is

cosn
4
sinn
4

cosn

2 8
"\ sinz
8

cosn

3 2
' sinE
2

(:os:'I

4 6
' sin"rr
6
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q14. [June 2018] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2018 June 5M

At t = 0, the wavefunction of an otherwise free
particle confined between two infinite wallsat x = 0

X 3mTX
and x =L is Y(x,t=0) = f(51n7—51n7) Its

. . mL? .
wave function at a latertime t = — s

41Th
2 . X . 31X ;
1. \/i (sm— — sm—) elm/6
L L L

31X

sm— + sin—
L L

e—m/6

e—m/6

:( )
(sin™= — sin =% g ~ir/8
( )
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q15. [Dec 2019] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 Dec 3.5M

The energy eigenvalues of a particle of mass m,
confined to a rigid one-dimensional box of width L,
are E,(n = 1,2, ...). If the walls of the box are moved
very slowly toward each other, the rate of change of

. dE : .
time-dependent energy d_t2 of the first excited state
IS

Ea dL

L dt

265 dL

L dt
2E, dL

L dt
EqdL

L dt

1.
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q16. [Dec 2019] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 Dec 3.5M

A particle of mass m is confined to a box of unit
length in one dimension. It is described by the

wavefunction Y (x) = \Esinnx(l + cosmx) for

0 < x < 1 and zero outside this interval. The
expectation value of energy in this state is

4172
1. - hz
3m
4 2
2. K2
5m
212 2
3. - h
5m

82
4. — h?
5m
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q17. [Dec 2019] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 Dec 5M

Let X and p denote position and momentum
operators obeying the commutation relation
|[X,p] = ih. If |x) denotes an eigenstate of X
corresponding to the eigenvalue x, then e!®/|x) is
1. an eigenstate of X corresponding to the
eigenvalue x

2. an eigenstate of X corresponding to the
eigenvalue (x + a)

3. an eigenstate of X corresponding to the
eigenvalue (x — a)

4. not an eigenstate of X
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q18. [Dec 2019] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 Dec 5M

Let the normalized eigenstates of the Hamiltonian

2 1 0

H = (1 2 0) be [Y4), [P2) and |Y3). The
0 0 2

expectation value (H) and the variance of H in the

state [1D) = 5 (1) + [ib2) — ily3)) are
1
3

4 2
2.—and -
3 3

3.2and§

4.2 and 1

4
1.§and
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q19. [June 2019] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 June 5M

The wave number k and the angular frequency w of
a wave are related by the dispersion relation

w? = ak + Bk3 where a and 8 are positive
constants. The wave number for which the phase
velocity equals the group velocity, is

1.3 |2
35

N

o
N | =
| R

2"

e
Wl
NI
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q20. [June 2019] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 June 5M

The operator A has a matrix representation (i %)

in the basis spanned by ((1)) and ((1)) In another

basis spanned by\/iE G) and % (_11), the matrix

representation of A is

1 2)
25 1)
(5 1)
+(7 1)
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q21. [June 2019] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2019 June 5M

The operator x ;—xé‘(x), where §(x) is the Dirac delta

function, acts on the space of real valued square-
iIntegrable functions on the real line. This operator is
equivalent to

1.—6(x)

2.6(x)

3.x

4.0
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q22. [June 2020] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2020 June 3.5M

Let |n) denote the energy eigenstates of a particle
In a one-dimensional simple harmonic potential

V(x) = %mwzxz. If the particle is initially prepared

in the state |Y(t = 0)) = \E(lO) + |1)), the
minimum time after which the oscillator will be
found in the same state is

1. 3t/2w)
2. /W
3. m/(2w)
4. 2n/w
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q23. [June 2021] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2021 June

3.5M

A two-state system evolves under the action of the
Hamiltonian H = E,|AXA| + (Ey + A)|B){B|, where
|A) and |B) are its two orthonormal states. These
states transform to one another under parity, i.e.
P|A) = |B) and P|B) = |A). If at time t=0 the
system is in a state of definite parity P = 1, the
earliest time t at which the probability of finding the

system in a state of parity P = —1isone is
Th

1. A

2. &
A

3. f
24

L

A
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q24. [June 2021] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2021 June oM

The unnormalized wave function of a particle in one

dimension in an infinite square well with walls at
Xx=0andx =a,isY(x) =x(a—x). IfP(x)is
expanded as a linear combination of the energy

eigenfunctions, f;|qj(x)|2dx Is proportional to the

infinite series

(You may use foatsin tdt = —acos a + sina and
foatzsin tdt = —2 — (a? — 2)cos a + 2asin a)

1. Y%, (2n—1)7

2. Y%, (2n—1)"*

3. Y, (2n— 1)

4. %, (2n-1)78
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q25. [June 2022] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2022 June 3.5M

If the expectation value of the momentum of a
particle in one dimension is zero, then its
(box-normalizable) wave function may be of the
form

1. sin kx

2. e sin kx

3. e cos kx

4. sinkx + e™®* cos kx

Q26. [June 2022] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2022 June 3.5M

In terms of a complete set of orthonormal basis
kets |n), n=0,%+1,1+2,..., the Hamiltonian is
H = Yn(E[n)n| + €ln + I)(n| + €[n)(n + 1)
where E and € are constants. The state
lp) = ¥, e™®|n) is an eigenstate with energy

1. E+€cosqg
2. E—€cosop
3. E+2€cosq
4. E — 2 € cosp
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q27. [June 2022] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2022 June 3.5M

The momentum space representation of the
Schrodinger equation of a particle in a potential

v is (1817 +B(V3) ) v @0 = iho (B, t)

9 .
where (Vp)i_a_pi’ and B is a constant. The

potentialis (in the following V, and a are constants)
1. Vye /e

2 Vye T/at

3V, (2)2

# 0(3)
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q28. [Dec 2023] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2023 Dec 5M

In a quantum harmonic oscillator problem, a and N

are the annihilation operator and the number

~

operator, respectively. The operatoreMde "V is

1.4

2.e 1g
3. e—(f+d)
4. e

(where [isthe identity operator)
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q29. [June 2023] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2023 June

oM

Two operators A and B satisfy the commutation
relations [H,A] = —hwB and [H, B] = AwA, where
w is a constant and H is the Hamiltonian of the
system. The expectation value (A)(t) = l]J|A|L|J) in
a state |), such that at time t=0,{(A)y(0) =0
and B,,(0) =1, is

1.

2
3.
4

sin(wt)
sinh(wt)
cos(wt)

cosh(wt)
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q30. [Dec 2024] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2024 Dec 5M

: —ax? : :
The constant B which makes e™%* an eigenfunction

d2
of the operator (d— — sz) is

x2
1. 4a®
2. 0
3. 2a
4. 1

Q31. [June 2024] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2024 June 3.5M

If Aand B are Hermitian operators and C is an
antihermitian operator, then

1. [[A, B], C]is hermitian and [[A4, C], B] is antihermitian
2. [[A, B],C] and [|4, C], B] are both antihermitian

3. [[4, B],C] and [[A, C], B] are both hermitian
4

[A, B], C] is antihermitian and [[4, C], B] is
Hermitian
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PhysicsByAaryan Basic Quantum Mechanics - CSIR NET Physics PYQs

Q32. [Dec 2025] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2025 Dec 3.5M 01)%

A quantum mechanical particle in a harmonic

potential has the wave function % [Yo(x) + Y1(x)]

att = 0, where Yy(x) and Y1 (x) are the wave
functions of the ground state and the first excited
state respectively. If the frequency of the oscillator
IS w, the probability density of finding the particle

at x aftertime t = g IS

1.~ [ () = Yo ()1
2.2 11 (x) + Yo ()1
3.2 1 (x) — iy (x)2
4.5 [P ()2 + 3 [1ho ()1
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Q33. [Dec 2025] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2025 Dec 5M QM

A one-dimensional qguantum harmonic oscillator with
frequency w is in its ground state. Ilts normalized wave

functionis given by

1
maow

W = () e |-G w2,

The frequency is suddenly increased to 2w. The
probability of finding the particle in its new ground state is

24/2
1=

) (&)5
3
2
3

3.

4
+ (o)
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Q34. [June 2025] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2025 June 3.5M 01)%

A particle of mass mis in the third energy
eigenstate of an infinite potential well of width a.
The time interval in which the phase of this wave

function changes by 2m is
2

4ma

3mh
2

1.

4ma

Omh
2

2.

8ma

3mh
2

8ma
Omh
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Q35. [June 2025] . 3.5 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2025 June 3.5M QM
The Hamiltonian of the 1-dimensional quantum

2
. : . 1
harmonic oscillatoris givenby H = —;jm + Emwzxz.

The expectation value of [D, H]| in the ground state,

where D = 2—]%1 (xp + px), is (in units of hw )

1.i
7 £
2
—3i
3- 3- T
4.0
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Q36. [June 2025] . 5.0 marks
Quantum Mechanics > Basic Quantum Mechanics

CSIR NET 2025 June 5M QM
The probability density of a free particle of mass m at
. . . JC2 .
timet = 0, is given by Aexp (— 202(0)). Att > 0, its

2
probability density is proportional to exp (— 2:2&)),

where o4 (t) is
hét?
a2(0)m?
nlt?
4¢2(0)m?
4het?
a2(0)m?
2h%t?
a2(0)m?

1. ¢%(0) +

2.0%(0) +

3.0%(0) +

4. 0%(0) +
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Answer Key

36 questions . Subject and topic for quick revision

Q. No Subject Topic Answer
Q1 Quantum Mechanics Basic Quantum Mechanics 1
Q2 Quantum Mechanics Basic Quantum Mechanics 3
Q3 Quantum Mechanics Basic Quantum Mechanics 1
Q4 Quantum Mechanics Basic Quantum Mechanics 2
Q5 Quantum Mechanics Basic Quantum Mechanics 3
Q6 Quantum Mechanics Basic Quantum Mechanics 2
Q7 Quantum Mechanics Basic Quantum Mechanics 1
Q8 Quantum Mechanics Basic Quantum Mechanics 1
Q9 Quantum Mechanics Basic Quantum Mechanics 4
Q10 Quantum Mechanics Basic Quantum Mechanics 1
Q11 Quantum Mechanics Basic Quantum Mechanics 3
Q12 Quantum Mechanics Basic Quantum Mechanics 2
Q13 Quantum Mechanics Basic Quantum Mechanics 2
Q14 Quantum Mechanics Basic Quantum Mechanics 4
Q15 Quantum Mechanics Basic Quantum Mechanics 3
Q16 Quantum Mechanics Basic Quantum Mechanics 2
Q17 Quantum Mechanics Basic Quantum Mechanics 3
Q18 Quantum Mechanics Basic Quantum Mechanics 3
Q19 Quantum Mechanics Basic Quantum Mechanics 2
Q20 Quantum Mechanics Basic Quantum Mechanics 2
Q21 Quantum Mechanics Basic Quantum Mechanics 1
Q22 Quantum Mechanics Basic Quantum Mechanics 4
Q23 Quantum Mechanics Basic Quantum Mechanics 2
Q24 Quantum Mechanics Basic Quantum Mechanics 1
Q25 Quantum Mechanics Basic Quantum Mechanics 1
Q26 Quantum Mechanics Basic Quantum Mechanics 3
Q27 Quantum Mechanics Basic Quantum Mechanics 4
Q28 Quantum Mechanics Basic Quantum Mechanics 2
Q29 Quantum Mechanics Basic Quantum Mechanics 2
Q30 Quantum Mechanics Basic Quantum Mechanics 1
Q31 Quantum Mechanics Basic Quantum Mechanics 2
Q32 Quantum Mechanics Basic Quantum Mechanics 1
Q33 Quantum Mechanics Basic Quantum Mechanics 1
Q34 Quantum Mechanics Basic Quantum Mechanics 2
Q35 Quantum Mechanics Basic Quantum Mechanics 4
Q36 Quantum Mechanics Basic Quantum Mechanics 2
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