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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q1. [Dec 2015] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET

2015 Dec

5M

A hydrogen atom is subjected to the perturbation

Vpert (r) =€ cos

where ag is the Bohr radius. The change in the
ground state energy to first orderin €
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q2. [Dec 2016] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2016 Dec 5M

A particle of charge g in one dimension is in a
simple harmonic potential with angular frequency
w. It is subjected to a time dependent electric field
E(t) = Ae~ /D" , where A and t are positive
constants and wt > 1. If in the distant pastt - —o
the particle was in its ground state, the probability
that it will be in the first excited state ast —» 4+ is

proportional to
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q3. [June 2016] . 5.0 marks

Quantum Mechanics > Pertubation theory

CSIR NET

2016 June

5M

Consider a particle of mass m in a potential

V(x) = %mwzxz + gcoskx .

ground state energy,

. .1
harmonic potenUalEma)

k2h
1. gexp -
2. gexp )

2k2
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x?, to first order in g is

in the

compared to the simple
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Q4. [Dec 2017] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2017 Dec SM

Consider a one-dimensional infinite square well

V(x) = 0 for 0<x<.a
e otherwise
If a perturbation
Vo for0<x<a/3
AV =10
(%) {O otherwise

Is applied, then the correction to the energy of the
first excited state, to first order in AV, is nearest to
1. V,

2. 0.16V,
3. 0.2V,
4. 0.33V,
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q5. [June 2017] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2017 June 3.5M

A constant perturbation H' is applied to a system
for time At (where H'At < #) leading to a transition
from a state with energy E; to another with energy

Ef. If the time of application is doubled the
probability of transition will be

1. Unchanged

2. Doubled

3. Quadrupled

4. Halved
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q6. [June 2017] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2017 June 5M

The Coulomb potential V(r) = —e?/r of a hydrogen
atom is perturbed by adding H' = bx? (where b is a
constant) to the Hamiltonian. The first order
correction to the ground state energy is

1

’ 3
Tag

e—r/ag )

(The ground state wavefunction is ¥, =

1. 2bap
2. baj

3. ba}/2
4. \2bag
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q7. [June 2017] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2017 June 5M

In the usual notation |[nlm) for the states of a
hydrogen like atom, consider the spontaneous
transitions |210) = |100) and |310) — |100). If t;
and t, are the lifetimes of the first and second

decaying states respectively, then the ratio 2 s

L7
proportional to

26
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q8. [June 2018] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2018 June 3.5M

A particle of mass m is constrained to move in a
circular ring of radius R. When a perturbation

a

V' = =cos? ¢

RZ

(where a is a real constant) is added, the shift in
energy of the ground state, to first orderin a, is

a
R?
2a
R2
_a
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a
" (mR?)
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q9. [June 2019] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2019 June 3.5M

The infinite square-well potential of a particlein a
box of size a is modified as shown in the figure
below (assume A K< a).

0, Ac:»o
< a >
A
'€
—E£
A

The energy of the ground state, compared to the
ground state energy before the perturbation was
added

1. increases by a team of order ¢

2. decreases by aterm of order ¢

3. increases by a term of order &2

4. decreases by a term of order &2
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q10. [June 2019] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2019 June 5M

A charged, spin-less particle of mass m s
subjected to an attractive potential

V(x,y,z) = %k(x2 +y? + z*%), where k is a positive

constant. Now a perturbation in the form of a weak

magnetic field B = Byk (where By is a constant is
switched on. Into how many distinct levels will the
second excited state of the unperturbed
Hamiltonian split?

1.5

2.4

3.2

4.1
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q11. [June 2020] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2020 June 3.5M

For the one dimensional potential wells A, B and C,
as shown in the figure, let E,, Eg and E denote the
ground sate energies of a particle, respectively.

0 Q0 0
I I f
Y
2V,
a a a
“— |V, [— |V, [—>

A B C

The correct ordering of the energies is
1. Ec > Eg>Ex
2. Ep > Eg > Ec
3. Eg > E¢c>Ejx
4, Eg > Ep > Ec
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q12. [June 2020] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2020 June oM

A gquantum particle in a one-dimensional infinite
potential well, with boundaries at 0 and a, is perturbed

by adding H' =€ 6 (x — 2) to the initial Hamiltonian.
The correction to the energies of the ground and the
first excited states (to first orderin € ) are respectively

1. OandO
2. 2€/aandO0
3. 0Oand2 €/a

4. 2€/aand?2 €/a
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q13. [June 2021] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2021 June

3.5M

The Hamiltonian of a particle of mass m in one-

dimension is H = ipz + Alx|®, where A >0 is a

constant. If E; and E, respectively, denote the

ground state energies of the particle for A = 1 and

A = 2 (in appropriate units) the ratio E,/E; is best

approximated by

1. 1.260
2. 1.414
3. 1.516
4. 1.320
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q14. [June 2021] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2021 June oM

A particle of mass m in one dimension is in the
ground state of a simple harmonic oscillator

: . . N | .
described by a Hamiltonian H = ;—m +Emw2x2 in
the standard notation. An impulsive force at time to

t = 0 suddenly imparts a momentum p, = VvAimw
to it. The probability that the particle remains in the
original ground state is

1. e 4
g, e—3/2
3. e !
4

ar 12
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q15. [June 2021] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2021 June oM

The energies of a two-state quantum system are E,
and E; + ah, (where oo > 0 is a constant) and the
corresponding normalized state vectors are |0) and
|1), respectively. At time t = 0, when the system is
in the state |0), the potential is altered by a time
independent term V such that (1|V|0) = ha/10.

The transition probability to the state |1) at times
tK1/a,is

1. o?t?/25
2. a’t?/50
3. o®t2/100
4. o%t2/200
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q16. [June 2022] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2022 June SM

Attime t = 0, a particle is in the ground state of the

Hamiltonian H(t) = % + %mouzx2 + /'lxsin%it
where A, w and m are positive constants. To 0(1?),
the probability that att = %T, the particle would be
in the first excited state of H(t = 0) is

92
16mhw?3

1

92
8mhw3

1622
IMmhw?3

812
Imhw3
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q17. [June 2022] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2022 June SM

To first order in perturbation theory, the energy of
the ground state of the Hamiltonian

H_p2+1 22 hw maw 2]
= o+ 5 mwx \/mexp X

(treating the third term of the Hamiltonian as a
perturbation) is

1. 1—5ha)
32

2
3. —hw
4

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 18/26



PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q18. [Dec 2023] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2023 Dec 5M
A quantum system is described by the Hamiltonian
H=—Jo, + A(t)o,,
where g;(i = x,y, z) are Pauli matrices, J and A are
positive constants (Jf > A) and

Ofort <O
A(t) ={Afor0<t<T
Ofort >T

Att < 0, the system s in the ground state. The
probability of finding the system in the excited state
att > T, inthe leading orderin Adis

1. —sin® —
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q19. [June 2023] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2023 June 3.5M
A particle in one dimension is in an infinite
potential well between _?LSX‘SE For a

perturbation ecos (%), where € is a small constant,

the change in the energy of the ground state, to first
orderine,is

5¢
1. —
T
10e
2. —
31T
8¢
3. —
31T
4e
4, —
T
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q20. [June 2023] . 5.0

marks

Quantum Mechanics > Pertubation theory

CSIR NET

2023 June

oM

Electrons polarized along the x-direction are in a

magnetic field B;1+ B, (jcos wt + ksin wt), where

B; > B, and w are positive constants. The value of

hw for which the polarization-flip process is a

resonant one, is

1. 2ug|B;|
2. pp|By|
3. ug|By]
4. 2ug|Bq|
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q21. [Dec 2024] . 3.5 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2024 Dec 3.5M

Consider a particle in a one-dimensional infinite
potential well between 0<x<L. If a small

perturbation, V(x) = Acos (HTX), (where A1 K1) is

applied, the firstorder energy correction to the
ground state is

1.1
2.0
3.—1
4.21
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q22. [Dec 2025] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2025 Dec

5M

aMm

Consider the one-dimensional motion of a particle
of positive charge g confined to an infinite potential

well

V(x) = {

Ofor0<x<m
oo otherwise

which is subjected to a perturbing electric field

E = Eyx. The shift in the ground state energy, to

the first orderin g, is

wE
1. qmLg
2
qrEy
2
3. anO

4. —anO
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Q23. [June 2025] . 5.0 marks
Quantum Mechanics > Pertubation theory

CSIR NET 2025 June 5M QM

The ground state wavefunction for the hydrogen atom is

r

1 —_— . s : .
Yo = —e %, where ay is the Bohr radius. Considering an
0

additional potential H as a perturbation to the hydrogen atom
Hamiltonian, given by

e” [ 1 tro<r<r
H = 4ney|r R orvsTSA
0 forr >R

where R is the radius of the proton, R << ay. The shift in the
ground state energy due to H'is

1 e? '\ 4R? 5 ( e? ) R
" \dmegyag 3a% ' Amegagy/ ag

3 ( e? ) 2R? 1 ( e? ) 2R?
' Amegay) al " \4mggay/ 3a3
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PhysicsByAaryan Pertubation theory - CSIR NET Physics PYQs

Answer Key

23 questions . Subject and topic for quick revision

Q. No Subject Topic Answer
Q1 Quantum Mechanics Pertubation theory 4

Q2 Quantum Mechanics Pertubation theory 1

Q3 Quantum Mechanics Pertubation theory 4

Q4 Quantum Mechanics Pertubation theory None
Q5 Quantum Mechanics Pertubation theory None
Q6 Quantum Mechanics Pertubation theory 2

Q7 Quantum Mechanics Pertubation theory 1

Q8 Quantum Mechanics Pertubation theory 3

Q9 Quantum Mechanics Pertubation theory 4
Q10 Quantum Mechanics Pertubation theory 1
Q11 Quantum Mechanics Pertubation theory 1
Q12 Quantum Mechanics Pertubation theory 2
Q13 Quantum Mechanics Pertubation theory 4
Q14 Quantum Mechanics Pertubation theory 4
Q15 Quantum Mechanics Pertubation theory 3
Q16 Quantum Mechanics Pertubation theory 4
Q17 Quantum Mechanics Pertubation theory 2
Q18 Quantum Mechanics Pertubation theory 2
Q19 Quantum Mechanics Pertubation theory 3
Q20 Quantum Mechanics Pertubation theory 4
Q21 Quantum Mechanics Pertubation theory 2
Q22 Quantum Mechanics Pertubation theory 2
Q23 Quantum Mechanics Pertubation theory 4
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