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GATE Questions
Q.No:1 GATE-2016

The scattering of particles by a potential can be ana-
lyzed by Born approximation. In particular, if the scat-
tered wave is replaced by an appropriate plane wave, the
corresponding Born approximation is known as the first
Born approximation. Such an approximation is valid for

large incident energies and weak scattering poten-
tials.

large incident energies and strong scattering poten-
tials.

small incident energies and weak scattering poten=
tials.

small incident energies and strong scattering poten=
tials.

Q.No:2 GATE-2016

Consider an elastic scattering of particles in/l = 0 statesy
If the corresponding phase shift 9 is 90° and the magni-
tude of the incident wave veetor ishequal to Vor fm~1
then the total scattering cross section in units of fm?2"is

Q.No:3 GATE-2016

Protons and a-particles of equal imitial) momenta are
scattered off a gold foil in a Rutherford scattering ex-
periment. The scattering cross*sSections for proton on
gold and o-particle on gold arevg; and o, respectively.
The ratio 0o /0 18, .

Q.No:4 GATE-2021

Consider the potential U(r) defined as

—Qar

€

U(T) = —U()

r

where o and Uy are real constants of appropriate dimen-
sions. According to the first Born approximation, the
elastic scattering amplitude calculated with U(r) for a
(wave-vector) momentum transfer ¢ and o« — 0, is pro-
portional to

(Useful integral: [ sin (qr)e™*"dr = 042#4—112)

(A) ¢7?
(B)
(©)
(D)

q

L)

-1
q2

Q.No:5 GATE-2021
Following trial wavefunctions

o1 = e~ 2 (rtr2)

and )
b= 7 (1t gl — 3

are used to get a variational estimate of the ground state
energy of the helium atom. Z’ and g are\the variational
parameters, 7} and 7 are the position vectors of the elec-
trons. Let Ey be the exact ground state energy of the
helium atem. F; and Ey-aresthe variational estimates of
the ground state energy of the helium atom correspond-
ing 40 @i.and ¢s, respectively. Which one of the following
optiens is' true?

A) F, < Ey, E; < Ey, E1 > E,

(
(B) Ey > Epl Ex< Ey, £y > Ey
(C) By < By, B5 > Ey, E1 < E,
(D)

D), By > By, By > Ey, Fy > Ey

Q.N6:6 GATE-2025

A’ particle is scattered from a potential V (7) = g §3(7),
where g is a positive constant. Using the first Born ap-
proximation, the angular (6, ¢) dependence of the differ-

ential scattering cross section g—g is

a) Independent of 6 but dependent on ¢

b) Dependent on 6 but independent of ¢

)
c¢) Dependent on both 6 and ¢
)

d) Independent of both # and ¢

Q.No:7 GATE-2026

An « particle moves towards a fixed nucleus carrying
charge Ze, with initial speed vy and impact parameter
b. Starting from a large distance from the nucleus, its
distance of closest approach is r,, and its speed there is
Um. Then which of the following options is/are correct?

1 kZe?
(k:and’l”(): 62>

4meg mug

(A) vob = vyrm
(B) vob = 2vu,,10
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(C) For % L 1,ry = 41¢ + % ignoring higher order Q.No: 4 CSIR June-2015

corrections in o

b
(D) For o

T

corrections in E

b

< 1,y = 4rg +
b

CSIR Questions

Q.No: 1

The ground state energy of the attractive delta functional

potential

where b > 0, calculated with the variational trial function

v ={ o

(1) —mb
(2) —2mbZ
(3) —52¥
(4) — 52
Q.No: 2

Consider a particle of mass m in the potential V(z)
The energy eigen-values E,, (n =0,1,2,--+){

alz|, a > 0.

CSIR Dec-2014

V(z) = —bd(x),

for —a<z<a,
otherwise,

Acos 57,

CSIR Dec-2014

in the WKB approximation{ are

(1) [ 3ahn

2m

%

@ [

@ [
Q.No: 3

The differential cross-section for scattering by a target is
99.(,%) = a® +b* cos® §. If N is the flux of the
incoming particles; the number of particles scattered per

given by

11/3
(n+3)

12/3
(n+3)

14/3

CSIR\June-2015

unit time is.

(1) 4N (e +1?)
(2) 47N (a? + §0°)
(3) 47N ($a® + 10?)
(4) 47N (a? + §0°)

»2 . . .
& ignoring higher order

A particle of energy E scatters off a repulsive spherical
potential where Vj, and a are positive constants. In the
low energy limit, the total scattering cross section is o =
4ma® (& tanhka — 1)27 where k? = 22 (Vy — E) > 0. In
the limit Vjj — oo the ratio of ¢ to the classx:al scattering
cross-section off a sphere of radius a is

Q.No: 5 CSIR Dec-2015

In the sc¢attering of some elementary particles, the scat-
tering cross-section o is, found to depend on the total
energy F and the fundamentalConstants h (Planck’s con-
stant) and ¢ (the spéed of light in vacuum). Using dimen-
sional analysis, the dependence of ¢ on these quantities
is given by

(1) i

@), 77

Q.No: 6 CSIR Dec-2015

The ground state energy of a particle in the potential
V(z) = g|z|, estimated using the trial wavefunction

ot = { Y

x < |al
z > |a|

(where g and ¢ are constants) is

1) & (22"
(2 8 (m)"”
CHESE

@ §(m)"
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Q.No: 7 CSIR June-2016

The energy levels for a particle of mass m in the potential
V(z) = alz|, determined in the WKB approximation

V%medxz (n—i-;) A,

(where a, b are the turning points and n = 0,1,2---), are

}2/3

(1) Ba=[422 (n+1)

hra

(4) B, = Lm

(n+

Q.No: 8 CSIR June-2016

The ground state energy of a particle of mass m”in, the
2

potential V(z) = 2844

om T

m

ized trial wavefunction ¢ (z) =
oo 2 —az? _ 1
VE [T dzxte o = o
3

4(12]'

estimated using the normal-
(%)1/4 e“”’z/Q, is [Use

and /2 [2 dizte ¥ =

%EQﬁl/g
8 2

%h 61/3
2 $211/3
sl BY

3 2
%h ﬁl/?;

Q.No: 9 CSIR Dec-2016

A particle is scattered by“a.central potential V(r) =
Vore ™", where Vp and jmnare positive constants. If the
momentum transfer ¢his ‘such that ¢ |q> p, the
scattering cross-section’in the Born approximation, as
q — oo, depends on ¢ as [You may use [z"e“*dx
d" feazdx]

dam™

Q.No: 10 CSIR June-2017

Consider the potential

i)

V(i) = Voas* (i -
i
where 7; are the position vectors of the vertices of a cube

of length a centered at the origin and Vj is a constant.

If Voa? < %, the total scattering cross-section, in the
low-energy limit, is

(1) 16a2 (mggaz

Q.No: 11 CSIR June-2017

Using the trial funetion

{ A(aQO—:cQ),

—a<zr<a
otherwise

W)

thé ground state energy of a one-dimensional harmonic
oscillator is

(1) hw

(2)

15—4hw
3)

(4) \/3he

Q.No: 12 CSIR Dec-2017

A phase shift of 30° is observed when a beam of particles
of energy 0.1MeV is scattered by a target. When the
beam energy is changed, the observed phase shift is 60°.
Assuming that only s-wave scattering is relevant and that
the cross-section does not change with energy, the beam
energy is

(1) 0.4MeV
(2) 0.3MeV
(3) 0.2MeV

(4) 0.15MeV
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Q.No: 13 CSIR Dec-2017

The energy eigenvalues F,, of a quantum system in the
potential V' = ca% (where ¢ > 0 is a constant), for large
values of the quantum number n, varies as

Q.No:14 CSIR June-2018

The n-th energy eigenvalue FE,, of a one-dimensional

Hamiltonian H = % + Az* (where A > 0 is a constant)
in the WKB approximation, is proportional to

(1) (n+ 55\
(2) (n+ 55N
(3) (n+ 3)P/5\1/2

(@) (n+ 37/

Q.No:15 CSIR June-2018

do

o)
tral potential V(r) = ge’”r, where 8 and prare positive
constants, is calculated in the first Born approximation.
Its dependence on the scattering”anglé’d is proportional
to (A is a constant below.)

The differential scattering cross-section for the cen-

(1) (A% + sin® %)
(2) (A% + sin? %)_1
(3) (A2 4+ sin? g)_Q

(4) (A2 +sin® §)?

Q.No:16 CSIR June-2019

The Hamiltonian” of a quantum particle of mass m is

H = % + ajz|"where a and r are positive constants.
The energy F, of the n'® level, for large n, depends on
n as

(1) n27‘
nr+2
nl/(r+2)

n27‘/(r+2)

Q.No:17 CSIR June-2019

In the partial wave expansion, the differential scattering
cross-section is given by

2

= Z(Ql + 1)e' sin 6, Py (cos 6)
1

do
d(cos )

where 6 is the scattering angle. For a certain neutron-
nucleus scattering, it is found that the two lowest phase
shifts dg and 01 corresponding to s-wave and p-wave, re-
spectively, satisfy d; ~ dp/2. Assuming that the other
phase shifts are negligibly small, the differentialscross-
section reaches its minimum for cos 6 equal to

(3) —2¢os?4y

(4) (0087 81

Q:No: 18 CSIR June-2019

The elastic/scattering-of a charged particle of mass
m off an“atomyean be approximated by the potential
V(r) #2e ™~ where a and R are positive constants.
If the wavernumber of the incoming particle is k and the
scattering angle is 26, the differential cross-section in the
Bornyapproximation is

1)

m2a?R*
4r*(1+k2R2 sin? 0)

m2a?R*
h*(2k2 R2+sin2 0)2

(2)

2m2a?R*
h*(2k2 R2+sin? 20)

3)

4m>a®R*
4h*(1+4k2R2 sin? 0)2

(4)

Q.No: 19 CSIR June-2020

A particle with incoming wave vector E, after being scat-
tered by the potential V(r) = -5, goes out with wave

vector k'. The differential scattering cross-section, cal-
culated in the first Born approximation, depends on
q=|k—K|, as

(a) 1/q°

(b) 1/¢*

(c) 1/q

(d) 1/¢*
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Q.No: 20 CSIR Feb-2022

The Hamiltonian of a particle of mass m in one-
dimension is H = z—p* + A|z|*, where A\ > 0 is a con-
stant. If F; and F5 respectively, denote the ground state
energies of the particle for A = 1 and A = 2 (in appropri-
ate units) the ratio E7/FEs is best approximated by

(1) 1.260

(2) 1.414
(3) 1.516
(4) 1.320

Q.No: 21 CSIR Feb-2022

In an elastic scattering process at an energy F , the phase
shifts satisfy 8y =~ 30°,6; ~ 10°, while the other phase
shifts are zero. The polar angle at which the differential
cross section peaks is closest to

(1) 20°
()
3) 0
(4) 30°

Q.No: 22 CSIR June-2015

A particle of energy E scatters off a repulsive spherical
potential where Vj, and a are positive constants. In the
low energy limit, the total scattering cross section is ¢ =
4ma® (& tanhka — 1)2, where k%= 2% (Vo — E) > (. In
the limit V{; — oo the ratio of o to the classmal scattering
cross-section off a sphere of radius’a is

(1) 4
(2) 3
(3) 1
(4) 1/2

Q.No: 23 CSIR Dec-2023

An incident plane wave,with wavenumber k is scattered
by a spherically symmetric soft potential. The scattering
occurs only in S-‘and P- waves. The approximate scatter-
ing amplitude at angles § = % and 6‘ = g are f (6‘ = g) ~
si (3+30) and f(0=73) =g (1+5%).
E \2 2) = 2k
Then the total scattering cross-section is closest to

D

37
4k2
10w
)
351
4k2

9
k2

)
3)
)

Q.No: 24 CSIR June-2023

The phase shifts of the partial waves in an elastic scat-
tering at energy E are dp = 12°, §; = 4° and §;>2 ~ 0°.
The best qualitative depiction of #-dependence of the dif-

. . . o . do e
ferential scattering cross-section 2% is

i x2 3nM x
(]

Figure.1:

N

0 ®

do/d cost

do/d cos®

Figure 2: (b)

N4

diod cowl

Figure 3:

i

Figure 4: (d)

do/d cosB
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Q.No: 26 CSIR June-2024

The Hamiltonian of a particle of mass m is given by

p2
H=—+V
T 4V,

with

— fi <
V(m): ar forx <0
Bx for x > 0

where o, 8 are positive constants. The n'” energy eigen-
value E, obtained using WKB approximation is

3(;;) w(n;)ﬂm6>(n

The function f(«, ) is

1) M

2(a?+p?)

1/2
E3/2 —

=

2) o

=

Q

+

[ a?+82
2

Q.No: 27 CSIR June-2024

w
=
‘ Q
I
Iy

4) 1

|

In a scattering experiment, a beam of e~ with an energy,
of 420 MeV scatters off an atomic nucleus. If the first
minimum of the differential\cross“section is observed at
a scattering angle of 45°, the radius of thefnucleus (in
fermi) is closest to

1) 0.4

Q.No: 28/CSIR June-2025

When a neutromyof 1 keV kinetic energy impinges on
a 12C target, the’total scattering cross section is 1000
barns. The approximate value of the phase shift §y is:

1) 18°
2) 108°
3) 90°

4) 36°

Q.No: 29 CSIR June-2026

A particle of mass m with momentum Rk scatters elasti-
cally to momentum % (k + ¢) from a spherical potential

VO7
0,

r<R
V(F) = -
(") { 7> R.
Here,
2 2. 20
q° = 4k“ sin 2
with 6 being the scattering angle. Within the first-order
Born approximation and for ¢R < 1, the differential
scattering cross-section to the leading order in R.is pro-
portional to:

1. R?
2. R*
3. RS
4. R®

Q.Ne: 30 CSIR June-2026

The surface of a metal of work function ¢q is subjected
to an electric fielduE! As a result, the electric potential
profile just outside the surface is given by

V(z) = ¢o — x€

as shown in the figure. For electric field £, the probability
p(€) oftunneling of an electron moving at the Fermi
energy, K can be found using the WKB approximation.

If
2med?3
A=/ o2 9

then the value of the ratio
p(€ =2))
p(€ =)

will be:
(Here, e and m are electron’s charge and mass, respec-
tively.)

[vx)
b0
EF—L—
1. 1.36
2. 2.73
3. 1.94
4. 5.13
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JEST Questions Q.No: 3 TIFR-2023
Q.No: 1 JEST-2017 Consider a particle of mass m in a quartic potential
Consider a particle confined by a potential V(z) = kx|, H— i T oazt
where k is a positive constant. The spectrum F,, of the 2m
system, within the WKB approximation, is proportional o )
to If we take a variational wavefunction
2
(A) (n+1)%2 V(@A) = e
(B) (n+ 1)¥/3. with A > 0 and try to estimate the ground state energy,
2 the value of A should be chosen as
(C) (n+ %)1/2. [You may use the integral
“+o00
D + 1y4/3, 9 4 xa? ™ B hr 3C |«
(D) (n+3) - dx(A+Bx*4+Czx)e =A X+§ ﬁ—&-T e
TIFR Questions where A, B,C and A > 0 are all eenstants.|
(2) (e}

Q.No: 1 TIFR-2014

A particle P of mass m moves under the influence of a  (b) (%)1/3
central potential, centred at the origin O, of the form

( ) k 2mh2
Vir) = ——
3
3r (d) (117;;2&)1/3

where k is a positive constant. If the particle P comes in
from infinity with initial velocity v and impaet.parameter No*4 TIFR-2024
b (see figure), then the largest value of b.for which the Q:No: -

particle gets captured by the potential is The Hamiltonian for a Helium atom is given as H =

) 1/6 H0+H1, where
() (75)

- Pitpd) 2 2
(b> (ﬁ)l/g 2,“ 477607"1 471'607"2
d

2 1/6 ar
©) (=)

2 .

H =
(d) (i)l/3 ! 47‘(’607“12
Imu

where p is the reduced mass of the electron, r; and ry

Q.No: 2 TIFR~2016 are the distance of the electrons from the nucleus, and

r12 is the distance between the two electrons. The value

In a Rutherford scattering experiment, the number N of the first ionization potential of the Helium atom is
of particles scattered in a direction 0, i.e. dN/df, as 24.6 eV.

a function of the'scattering angle 6 (in the laboratory What is the correction due to H; to the ground state

rame) varies as energy of the Helium atom, compared to Hy?
f i f the Heli d to Hy?
(a) csct g (a) 29.8 eV
(b) esc? Lot § (b) -29.8 eV
(c) csc? & tan? § (c) 84.2 eV
(d) sec* g (d) -2.6 eV
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Q.No: 5 TIFR-2026

Consider a quantum particle of mass m in one-dimension
with a Hamiltonian:

A2

=2 s
2m

with A > 0. The ground state energy of the particle
scales with \ as:

Question No.

Entrance with year

Q.No:1 GATE-2016
Q.No:2 GATE-2016
Q.No:3 GATE-2016
Q.No:4 GATE-2021
Q.No:5 GATE-2021
Q.No:6 GATE-2025
Q.No:7 GATE-2026

(A)
2

AAA
SO
zZe82

Q.No: 1 CSIR Dec-2014

Q.No: 2 CSIR Dec-2014

Q-No: 3 CSIR June-2015
Q.No: 4 CSIR June-2015
Q.No: 5 CSIR Dec-2015

Q.No: 6 CSIR Dec-2015

Q.No: 7 CSIR June-2016
Q.No: 8 CSIR June-2016
Q.No: 9 CSIR Dec-2016
Q.No: 10 CSIR June-2017
Q.No: 11 CSIR June-2017
Q.Noy 12 CSIR Dec-2017
Q.Non13 CSIR Dec-2017
Q.No:14 CSIR June-2018
QwNe:15 CSIR June-2018
Q.No:16 CSIR June-2019
Q.No:17 CSIR June2019
Q.No; 18 LSIR, June-2019
Q-No: 19 CSIR June-2020
Q.-Ne:, 20°CSIR, Feb-2022
Q' No: 21 CSIR Feb-2022
Q.No:22 CSIR June-2015
Q.No: 23 CSIR Dec-2023
Q-No: 24 CSIR June-2023
Q-.No: 26 CSIR June-2024
Q.No: 27 CSIR June-2024
Q.No: 28 CSIR June-2025
Q.No: 29 CSIR June-2026
Q-No: 30 CSIR June-2026

N DN

W

Q-No: 1 TIFR-2014
Q.No: 2 TIFR-2016
Q.No: 3 TIFR-2023
Q.No: 4 TIFR-2024
Q.No: 5 TIFR-2026
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