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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q1. [Dec 2015] . 3.5 marks
Classical Mechanics > Central forces

CSIR NET 2015 Dec 3.5M

A particle moves in three dimensional spacein a

central potential V(r) = kr* where k is a constant.
The angular frequency w for a circular orbit
depends onitradius R as

1. w xR

2. wox R
3. w « R/4
4. @ o R72/3

Q2. [Dec 2015] . 3.5 marks
Classical Mechanics > Rotation Motion

CSIR NET 2015 Dec 3.5M

Two masses m each, are placed at the points

(x,¥) = (a,a) and (—a, —a) and two masses, 2m
each, are placed at the points (a, —a) and (—a, a).
The principal moments of inertia of the system are
1. 2m?, 4ma*

2. 4ma?, 8ma?

3. 4ma?, 4ma?

4. 8ma?, 8ma*
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q3. [Dec 2015] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET 2015 Dec 35 M
The Lagrangian of a system is given by
L, .2 S 2 2
L= Em‘h +2mq; — k ZCM + 295 —2q19;

where m and k are positive constants. The
frequencies of its normal modes are

kK [3k
e —y (—

2Zm m
k
2. /%(131%/73)
3. 5% \[E
2Zm m
k 6k

4. |—=—, |=

2m m
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q4. [Dec 2015] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2015 Dec 3.5M

Consider a particle of mass m moving with a speed
v. If T denotes the relativistic kinetic energy and
Ty its non-relativistic approximation, then the value

ofwfor v = 0.01c, is
TR

1. 1.25x 107>

2. 5.0x10°°

3. 7.5%x107°

4. 1.0x 1074

Q5. [Dec 2015] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2015 Dec 5M

For a dynamical system governed by the equation
% = 2v1 — x2, with |x| < 1
1. x=—1andx = 1 are both unstable fixed

points

2. x=-—1andx =1 are both stable fixed points

3. x = —1isan unstable fixed pointandx = 1is a
stable fixed points

4. x = —1isastablefixed pointandx =1isa
unstable fixed points
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q6. [Dec 2015] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2015 Dec 5M

A canonical transformation (p,q) = (P,Q) is
performed on the Hamiltonian

1
H =
2mp?

F = ~mwq?cot Q. If Q(0) = 0, which of the

following graphs shows schematically the

dependence of Q(t) ont ?
Vi

1 , . ,
+ Emwzqz via the generating function

1. 2.

Q(t) Q(¢)
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q7. [Dec 2015] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2015 Dec 5M

A distant source, emitting radiation of frequency w

. . A4c, . . .
moves with a velomty?c in a certain direction with

respect to a receiver (as shown in the figure). The

upper cut-off frequency of the receiver is 370" Let @

the angle as
shown. For the receiver to detect the radiation, 6
should at least be

Receiver

1 cos—1 (%) 42/}450111@8
2. cos~ ! G) 0 |

3. cos~ ! (%)

:
]
]
]
]
]
2 !
3 ¢ Receiver

4. cos™1 (
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q8. [Dec 2015] . 5.0 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET

2015 Dec

5M

The Lagrangian of a particle moving in a plane s

given in Cartesian coordinates as
L=xy—x%—y?

In polar coordinates the expression for the

canonical momentum p, (conjugate to the radial

coordinater) is

1. 7sin@ +rfcosb
2. 7cosO +1rfsinb

3. 2FcosfO —rOsin26
4. 7sin 20 + rfcos 26
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q9. [June 2015] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2015 June

3.5M

If the Lagrangian of a dynamical system in two

dimensionsis L = mez + mxy, then its

Hamiltonian is

L 1 2
1. H=—pxpy +-—Py

1 1
2. H=—pxpy +5-Px

m

1 1
3. H=—pxpy — 5Py

1 1
4. H=—pxpy —5—Px

m
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q10. [June 2015] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET

2015 June

3.5M

A particle of mass m moves in the one-dimensional

potential V(x) = %){3 4

B

4

the equilibrium points is x = 0. The angular

frequency of small oscillations about the other
equilibrium pointis

7 20
" J/3mpB
2 —
Jmp
g X
" J/12mp
(84
N 24mp
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q11. [June 2015] . 3.5 marks
Classical Mechanics > Central forces

CSIR NET 2015 June 3.5M

A particle of unit mass moves in the xy plane in
such away that x(t) = y(t) and y(t) = —x(t). We
can conclude thatitis in a conservative force-field

which can be derived from the potential
1. %(X2 + y?)

2. (% —y?)
3. X+y

4. x—y
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q12. [June 2015] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2015 June 3.5M

Consider three inertial frames of reference A. B

and C. The frame B moves with a velocity ¢/2 with
respectto A, and C moves with a velocity ¢/10
with respect to B in the same direction. The
velocity of C as measured in Ais

1.%
3.§
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q13. [June 2015] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2015 June oM

Let g and p be the canonical coordinate and
momentum of a dynamical system. Which of the
following transformations is canonical?

1 1
A:Q = \/—qu and P, = ﬁpz

B: Q2 = =(p+q)and P, = =(p — q)
1. neither AnorB

2. bothAand B
3. onlyA

4. onlyB
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q14. [June 2015] . 5.0 marks
Classical Mechanics > Phase space diagrams

CSIR NET 2015 June oM

Which of the following figures is a schematic
representation of the phase space trajectories (i.e.,
contours of constant energy) of a particle moving in
a one-dimensional potential

1 1
V(x) = —Exz + Zx‘*?
1. A = A
/ ~\ (7 N\
©
—— \ OU/
3 B 4

& ===

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 13/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q15. [June 2015] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET

2015 June

oM

A rod of length L carries a total charge Q distributed
uniformly. If this is observed in a frame moving with
a speed v along the rod, the charge per unit length

(as measured by the moving observer) is

1 E(1-5)

Q
Z.Ll
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q16. [Dec 2016] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2016 Dec

3.5M

A ball of mass m is dropped from a tall building with
zero initial velocity. In addition to gravity, the ball
experiences a damping force of the form —yv,
where v is its instantaneous velocity and y is a
constant. Given the values m = 10 kg,y = 10 kg/s,
and g ~ 10 m/s?, the distance travelled (in metres)

Intime t in seconds, is
1.10(t+1—e7%)
2.10(t—1+4+e7")
3.5t —(1—¢eYH)
4.5t?
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q17. [Dec 2016] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2016 Dec 3.5M

A relativistic particle moves with a constant velocity
v with respect to the laboratory frame. In time 7,
measured in the rest frame of the particle, the
distance that it travels in the laboratory frame is

1.vt
CcT
2.
P2
1——
c2
2
1%
vt |1 ——=
C
vT
4.
p2
1——
c2
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q18. [Dec 2016] . 3.5 marks
Classical Mechanics > Poisson brackets

CSIR NET 2016 Dec 3.5M

A particle in two dimensions is in a potential
V(x,y) =x+ 2y. Which of the following (apart
from the total energy of the particle) is also a
constant of motion?

1.py — 20,
2.0y — Zpy
3. px + 2p,
4.p, + 2D,

Q19. [Dec 2016] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2016 Dec 3.5M
The dynamics of a particle governed by the
Lagrangian L = %ma’cz — %kx2 — kxxt describes

1.an undamped simple harmonic oscillator

2.a damped harmonic oscillator with a time varying
damping factor

3.an undamped harmonic oscillator with a time
dependent frequency

4. a free particle
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q20. [Dec 2016] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET

2016 Dec

3.5M

The parabolic coordinates (¢,n) are related to the
Cartesian coordinates (x,y) by x =¢n and y =

1
2

—(52 —nz). The Lagrangian of a two-dimensional

simple harmonic oscillator of mass m and angular

frequency w is

1.-m[é2 4+ 192 — w?(£2 +1?)]

2.5m(82 +92) [(£2 +97) — ;02 (82 + 1?)|

3 Im(g2 4 77) (82 + 2 ~ Latt)

1
4, Em(fz + ?72) (

: . 1
§2 412 — 12

4
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q21. [Dec 2016] . 5.0 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2016 Dec 5M

After a perfectly elastic collision of two identical
balls, one of which was initially at rest, the
velocities of both the balls are nonzero. The angle 6
between the final velocities (in the lab frame) is
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q22. [Dec 2016] . 5.0 marks
Classical Mechanics > Central forces

CSIR NET

2016 Dec

5M

Consider circular orbits in a central force potential

V(r) = —in, where k > 0 and 0 < n < 2. If the time

r

period of a circular orbit of radius R is T; and that of
radius 2R is T,, then T, /T; is

1.22

2
2.23"
3. 2771
4, 2n

www.physicsbyaaryan.com . www.csirnetphysics.com .
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q23. [Dec 2016] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2016 Dec

5M

Consider a radioactive nucleus that is travelling at a
speed c/2 with respect to the lab frame. It emits y-
rays of frequency vy in its rest frame. There is a
stationary detector (which is not on the path of the

nucleus) in the lab. If a y-ray photon is emitted
when the nucleus is closest to the detector, its

observed frequency at the detector is

V3
1.7170

1
2.%170

1
3. EUO
2
4. \/;170
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q24. [June 2016] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2016 June

3.5M

Let ( x,t ) and ( xi,f:r ) be the coordinate systems

used by the observers O and 0, respectively.

Observer 0' moves with a velocity v = B¢ along
their common positive x-axis. If x, =x + ct and
x_ =x—ct are the linear combinations of the
coordinates, the Lorentz transformation relating O

and O takes the form

1.x, = xjf_i;“ and x_ = le__i;z_,
2 x; = %mand x_ = %x_
3.x, = x*;f;; and x_ = le__i;;,
4 xf+ = ﬂx+and X_ = ﬂx_
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q25. [June 2016] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2016 June 3.5M

A ball of mass m, initially at rest, is dropped from a
height of 5 meters. If the coefficient of restitution is
0.9, the speed of the ball just before it hits the floor

the second time is approximately (take g =
9.8 m/s?)

1.9.80m/s
2.9.10m/s
3.891m/s
4.7.02m/s
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q26. [June 2016] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2016 June 3.5M

The Hamiltonian of a system with generalized
coordinate and momentum (g,p) is H = pq®. A
solution of the Hamiltonian equation of motionis (in
the following A and B are constants)

1.p=Be 24t g = %ezm
2.p = Ae At g = ge—zm

3.p=Ae,q = %e“‘“

4.p = 24e~A% g = %e“‘zt
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q27. [June 2016] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2016 June 5M

For a particle of energy E and momentum p (in a
frame F ), the rapidity y is defined as

1 E / : : .
y = Eln (;232). In a frame F moving with velocity
—F3

v = (0,0, Bc) with respect to F , the rapidity y’ will
be

1.y =y+%ln(1—ﬁ’2)
2.y —y—%ln(Hg)
3.y —y+ln(1 ﬁ)

4.y —y+21n(1+8)

B
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q28. [June 2016] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2016 June 5M

A canonical transformation (q,p) = (Q, P) is made
through the generating function F(q, P) = q*P on
the Hamiltonian

2
p 2+§q4
2aq 4

where a and [ are constants. The equations of

H(q,p) =

motion for (Q, P ) are
1.Q =P/a and P = —Q
2.0 =4P/aand P = —BQ/2

3.0 =P/« andP=—%Pz—ﬂQ

4.0 =2P/aand P = —3Q
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q29. [June 2016] . 5.0 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2016 June

5M

The Lagrangian of a system moving in three

dimensions is

1

1 1
L =—mif +m(if +13) — S kaf — S k(xz + x3)°

2

The independent constant(s) of motion is/are

1.energy alone

2.only energy, one component of the

linear

momentum and one component of the angular

momentum.

3.only energy and one component of the linear

momentum

4.only energy and one component of the angular

momentum
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q30. [Dec 2017] . 3.5 marks
Classical Mechanics > Pseudo Forces

CSIR NET 2017 Dec 3.5M

A disc of mass m is free to rotate in a plane parallel
to the xy plane with an angular velocity —wZ about
a massless rigid rod suspended from the roof of a
stationary car (as shown in the figure below). The

rod is free to orient itself along any direction.
AZ

V-0i

The car accelerates in tt;ve positive x-direction with
an acceleration a > 0. Which of the following
statements is true for the coordinates of the centre
of mass of the disc in the reference frame of the
car?

1. only the x and the z coordinates change

2. only the y and the z coordinates change

3. only the x and the y coordinates change
4

all the three coordinates change
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q31. [Dec 2017] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET

2017 Dec

3.5M

A cyclist, weighing a total of 80 kg with the bicycle,
pedals at a speed of 10 m/s. She stops pedalling at
an instant which is taken to be t = 0. Due to the
velocity dependent frictional force, her velocity is

1
found to vary as v(t) =(1+—0
30

)m.s, where t is

measured in seconds. When the velocity drops to

8 m/s, she starts pedalling again to maintain a

constant speed. The energy expended by her in 1

minute at this (new) speed, is

1.

4Kk]

2. 8kJ
3.
4. 32 kJ

16 kJ
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q32. [Dec 2017] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2017 Dec

3.5M

A light signal travels from a point A to a point B,
both within a glass slab that is moving with uniform
velocity (in the same direction as the light) with
speed 0.3c¢ with respect to an external observer. If
the refractive index of the slab is 1.5 , then the
observer will measure the speed of the sighal as

1. 0.67c
2. 0.81c
3. 0.97c

4 c

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q33. [Dec 2017] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET 2017 Dec

3.5M

A monoatomic gas 'of volume V is in equilibrium in
a uniform vertical cylinder, the lower end of which
iIs closed by a rigid wall and the other by a
frictionless piston. The piston is pressed lightly and
released. Assume that the gas is a poor conductor
of heat and the cylinder and piston are perfectly
insulating. If the cross-sectional area of the
cylinder is A, the angular frequency of small
oscillations of the piston about the point of

equilibrium, is
1. \/59A/@3V)
2. \J4gA/(3V)
3. 2\gA/v

4. \J79A/(5V)
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q34. [Dec 2017] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET 2017 Dec 3.5M

The spring constant k of a spring of mass mg, is
determined experimentally by loading the spring
with mass M and recording the time period 7, for a
single oscillation. If the experiment is carried out
for different masses, then the graph that correctly
represents the result is

1 » 2. -
(0,00 M (0,0) M
3 T2 4. T2 /
00 M (0,0) M
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q35. [Dec 2017] . 5.0 marks
Classical Mechanics > Phase space diagrams

CSIR NET 2017 Dec

SM

A particle moves in one dimension in a potential
V(x) = —k?x* + w?x? where k and w are constants.
Which of the following curves best describes the
trajectories of this system in phase space?

|

N

=

IANYZza\\| N

|

e

I

3. \\//// a.
7\
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q36. [Dec 2017] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2017 Dec SM

Let (x,p) be the generalized coordinate and
momentum of a Hamiltonian system. If new
variables ( X,P ) are defined by X = x%sinh(fp)
and P = xYcosh(fp), where a,f and y are
constants, then the conditions for it to be a

canonical transformation, are

1 « =$(ﬁ+1)andy:$(ﬁ— 1)
2. B =%(a+ 1)andy=%(a— 1)
3 a =$(ﬁ—1)andy=$(ﬁ+ 1)

1 1
4. B=;(a—1)andy=£((x+1)
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q37. [Dec 2017] . 5.0 marks
Classical Mechanics > Central forces

CSIR NET 2017 Dec SM

Consider a set of particles which interact by a pair

potential V =ar® where r is the interparticle
separation and a > 0 is a constant. If a system of
such particles has reached virial equilibrium, the
ratio of the kinetic to the total energy of the system is

1

2
3.
4

WIN B W WL N
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q38. [Dec 2017] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET

2017 Dec

SM

In an inertial frame §, the magnetic vector potential

in a region of space is given by A = azi (where a is a
constant) and the scalar potential is zero. The
electric and magnetic fields seen by an inertial

observer moving with a velocity vi with respect to

S, are, respectively [In the following y =

0 and yaj
—vak and yaf
vyal:t and vyaj

N W S

vyak and yaj

www.physicsbyaaryan.com . www.csirnetphysics.com .
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q39. [June 2017] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2017 June 3.5M

The Hamiltonian for a system described by the

generalised coordinate x and generalised
momentum p is

2

p 1 22

+ -wx
2(1+2px) 2

where «, f and w are constants. The corresponding

Lagrangianis

1. %(J’C —ax?)*(1 + 2px) — %wzxz

H=ax’p +

1 W

1 2.2 2.

Z 2(1+2ﬁx)x S WX ax“x
3. %(3'{2 —a’x)*(1 + 2PBx) — %wzxz

1 .2 1 92 2 2

4 2(1+2ﬁx)x S WX + ax“x
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q40. [June 2017] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET

2017 June

3.5M

An inertial observer sees two events E; and E,
happening at the same location but 6u s apart in
time. Another observer moving with a constant
velocity v (with respect to the first one) sees the
same events to be 9u s apart. The spatial distance

between the events, as measured by the second
observer, is approximately

1. 300m
2. 1000 m
3. 2000 m
4. 2700m

www.physicsbyaaryan.com . www.csirnetphysics.com
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PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q41. [June 2017] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET

2017 June

3.5M

A ball weighing 100 gm , released from a height of 5
m , bounces perfectly elastically off a plate. The

collision time between the ball and the plate is

0.5s . The average

approximately
1. 3N
2. 2N
3. 5N
4. 4N

www.physicsbyaaryan.com . www.csirnetphysics.com .
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A solid vertical rod, of length L and cross-sectional
area A, is made of a material of Young's modulus'Y.
The rod is loaded with a mass M, and, as a result,

extends by a small amount AL in the equilibrium

condition. The mass is then suddenly reduced to
M /2. As a result, the rod will undergo longitudinal

oscillation with an angular frequency

1. J2YA/ML
2. JYA/ML

3. J2YA/MAL
4. JYA/MAL
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The Lagrangian of a free relativistic particle (in one
dimension) of mass m is given by L = —mV1 — x2
where x = dx/dt. If such a particle is acted upon
by a constant force in the direction of its motion,

the phase space trajectories obtained from the
corresponding Hamiltonian are

1. Ellipses
2. Cycloids
3. Hyperbolas
4. Parabolas
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A Hamiltonian system

iIs described by the

canonical coordinate g and canonical momentum
p. A new coordinate Q is defined as Q(t) = q(t +
7) +p(t+71), where t is the time and 7 is a

constant, that s,

the new coordinate is a

combination of the old coordinate and momentum

at a shifted time. The new canonical momentum

P(t) can be expressed as

1. p(t+1)—q(t+71)
p(t+1)—q(t—1)

2
3. 5[p(t—1) —q(t + )]
4. ~[p(t+7) - q(t + )]
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The energy of a one-dimensional system, governed
by the Lagrangian

1 1
L=_ '2__k 2n
me 7 X

where k and n are two positive constants, is E,. The

time period of oscillation 7 satisfies
1

1. TxXk n
1 1-n
2. Ttk mE™"
j BTz
3. txk zmE’"
g 1tm
4. Tk nES"
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2018 Dec

3.5M

A particle of mass m, moving along the x - direction,

experiences a damping force —yv

2 “o

1+1n(1+%0t)

mvg
3 —

m+yvgt

2‘[70

1+e m

www.physicsbyaaryan.com

Yvot

. www.csirnetphysics.com
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2

, Where y is a
constant and v is its instantaneous speed. If the
speed att = 0is v, the speed attime t is

_Yvot
1. vpe m
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In the attractive Kepler problem described by the

central potential V() =— (where k is a positive

constant), a particle of mass m with a non-zero
angular momentum can never reach the center due
to the centrifugal barrier. If we modify the potential to

k p

Vir) = ————

(1) -
one finds that there is a critical value of the angular
momentum ¥, below which there is no centrifugal

barrier. This value of £ is

1. [12km?B]Y/?
2. [12 km?2R]~1/2
3. [12km?B]'/*4
4. [12km?B]~1/4
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The time period of a particle of mass m, undergoing
small oscillations around x = 0, in the potential

V = V,ycosh (%), is

mlL2
1. T |—
Vo
mlL?
2. 21
2V,
mlL?2
3. 2m
Vo
2mlL2
4. 27
Vo
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Consider the decay A — B + C of a relativistic spin-%

particle A. Which of the following statements is true
in the rest frame of the particle A ?

1. The spin of both B and C may be%

2. The sum of the masses of B and (C is greater than
the mass of A

3. The energy of B is uniquely determined by the
masses of the particles

4. The spin of both B and C may be integral
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The motion of a particle in one dimension is described

. . 1 dx 2 2 . . .
by the Langrangian L = E((E) — X ) in suitable units.

The value of the action along the classical path from
x=0att =0tox =xyatt =ty,is

xg

2sin? t
1.2

2. S Xotant,
1

3. Exgcotto

xg
2cos? t,
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Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET

2018 Dec

SM

The Hamiltonian of a classical one-dimensional

harmonic oscillator is H = %(pz + xz), in suitable

units. The total time derivative of the dynamical
variable (p + V2x) is

1. \/fp—x

W D

www.physicsbyaaryan.com

p —V2x
p +V2x
x+\/fp

. www.csirnetphysics.com
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A relativistic particle of mass m and charge e is
moving in a uniform electric field of strength e.
Starting from rest at t = 0, how much time will it

take to reach the speed % ?

1 1 mc
" 43 ec
mc

2 It
es
mc
3. 2—
es
3 mc
2 es
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3.5M

A particle moves in the one-dimensional potential
V(x) = ax®, where a > 0 is a constant. If the total
energy of the particle is E, its time period in a

periodic motion is proportional to

1. E71/3
2. E71/2
3. E1/3
4. E1/2
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Which of the following figures best describes the
trajectory of a particle moving in a repulsive central

potential V (r) = %(a > 0 is a constant)?

1. 4 2.
A
oL~ QJ
3 y 4

e

A
9/

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 52/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q55. [June 2018] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2018 June 3.5M

Two particles A and B move with relativistic
velocities of equal magnitude v, but in opposite
directions, along the x-axis of an inertial frame of
reference. The magnitude of the velocity of A, as
seen from the rest frame of B, is
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A particle of mass m, kept in potential V'(x) =

—%kx2+%lx4 (where k and A are positive

constants), undergoes small oscillations about an
equilibrium point. The frequency of oscillations is

. 1 21
2w\ m

1 k

2. — |—
2T\ m

1 2k

3. — |=
2T\ m

1 A

4, — [—
2T\ m
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A particle of mass m moves in a central potential
_ k. . : _a(1-e?)
V(r) = —inan elliptic orbitr(0) = P where

0 < 0 < 2m and a and e denote the semi-major axis
and eccentricity, respectively. If its total energy is

E = —%, the maximum kinetic energy is
1.E(1—e?)

(e+1)
(e—-1)

3.E/(1-¢?)

2.E

(e—1)
4. E (i)
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The Hamiltonian of a one-dimensional system is

2 1
H=%+Ekx, where m and k are positive

constants. The corresponding Euler-Lagrange
equation for the system is

Imx+k=0
2.mi +2x+kx?*=0
3.2mxx¥ — mx? + kx? =

4. mxx + 2mx% + kx%2 =0

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 56 / 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q59. [June 2018] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2018 June 5M

An inertial frame K’ moves with a constant speed v
with respect to another inertial frame K along their
common x-direction. Let (x, ct) and (x’, ct’) denote
the spacetime coordinates in the frames K and K’,
respectively. Which of the following spacetime
diagrams correctly describes the t’ - axis (x' =0
line) and the x' - axis (t’ = 0 line) in the x-ct plane?
(In the following figurestan ¢ = v/c)

Et ct' ft ct'
1 2.
¢ ¢ o
[
> X > X
X
ct’ ft ct' Et
3 , 4.
¢ ) U
9 > ¥ s > X
\ \
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The energy of a free relativistic particle is E =

JIP|2c2 + m2c*, where m is its rest mass, p is its
momentum and c is the speed of light in vacuum.
The ratio v,/v, of the group velocity v, of a
quantum mechanical wave packet (describing this
particle) to the phase velocity v, is

1.|plc/E
mc3 /E?
2¢3 /2
c/2E

Ty Sy

2
3.
4

<y
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2019 Dec

3.5M

A ball, initially at rest, is dropped from a height h

above the floor bounces again and again vertically.
If the coefficient of restitution between the ball and
the flooris 0.5, the total distance travelled by the

ball before it comestorestis

8h
3
5h
2.?
3.3h
4.2h

1.

www.physicsbyaaryan.com
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A block of mass m, attached to a spring, oscillates
horizontally on a surface. The coefficient of friction
between the block and the surface is p.

k m

NN\ NN\ —

Which of the following trajectories best describes
the motion of the block in the phase space ( xp,.-

AN R
S =2

N I
o
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Which of the following terms, when added to the
Lagrangian L(x, y, x,y) of a system with two degrees
of freedom will not change the equations of motion?

1.xxX —yy
2. Xy — yX
3. Xy — yx
4. yx* + xy*

Q64. [Dec 2019] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2019 Dec 5M

The generator of the infinitesimal canonical
transformation g — q’ = (1 +€)q and
p-p =1-epis

1.9 +p

2.qp

3. % (qz — pz)

4. % (¢ + p?)
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The Hamiltonian of a system with two degrees of
freedomis H = q1p1 — q2p2 + aqf, wherea > 0Oisa
constant. The function q;q, + App, is a constant of
motion onlyif A is

1.0

2.1

3. —a

4. a

Q66. [Dec 2019] . 5.0 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2019 Dec 5M

The fixed points of the time evolution of a one-
variable dynamical system described by

Vi1 = 1 — 2y# are 0.5 and -1. The fixed points 0.5
and -1 are

1. both stable

2. both unstable

3. unstable and stable, respectively

4. stable and unstable, respectively
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Following a nuclear explosion, a shock wave
propagates radially outwards. Let E be the energy
released in the explosion and p be the mass density
of the ambient air. Ignoring the temperature of the
ambient air, using dimensional analysis, the
functional dependence of the radius R of the shock
fronton E, p and thetime tis

1. (E—fz)l/S
p

2.(%) "

Et?
3. -
p

4. Ept?

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 63/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q68. [June 2019] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2019 June
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An object is dropped on a cushion from a height

10m above it. On being hit, the cushion is

depressed by 0.1 m . Assuming that the cushion
provides a constant resistive force, the deceleration
of the object after hitting the cushion, in terms of

the acceleration due to gravity g is

1.10 g
2.50g
3.100¢g

4. g
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A turn-table is rotating with a constant angular

velocity wg. In the rotating frame fixed to the
turntable, a particle moves radially outwards at a
constant speed v,. The acceleration of the particle

in the 0 coordinates, as seen from an inertial
frame, the origin of which is at the centre of the

turntable, is

1. —rwif

2. ergf‘ + vowob
3. TwiF + 2vywob
4

. —T'(U(Z;'F' + 2170(1)09
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3.5M

Assume that the earth revolves in a circular orbit
around the sun. Suppose the gravitational constant
G varies slowly as a function of time. In particular, it
decreases to half its initial value in the course of
one million years. Then during this time the

1. radius of the earth's orbit will increase by a

factor of two

2. total energy of the earth remains constant

3. orbital angular momentum of the earth will

increase

4. radius of the earth's orbit remains the same.
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2019 June 3.5M

A particle of mass m moves in One dimension in the
potential V(x) = kx*, (k > 0). attime t = 0 the
particle starts fromrest at x = A. For bounded
motion, the time period of its motion is

1. proportional to A=1/2

2. proportionalto A™1

3.independent of A

4. not well-defined (the system is chaotic)
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A solid spherical Cork of radius R and specific
gravity 0.5 floats on water. The cork is pushed down
so that its centre of mass is at a distance h (where
0 < h < R) below the surface of water, and Then
released. The volume of the part of the cork above

. 2 1
water level is TR3 (5 — costy + cos390) where

8y is the angle as shown in the figure.

At the moment of release, the dependence of the
upward force on the corkon h is

—
.

Water level—

N

o

B
D> Wi x> D=
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Two particles of masses m, and m, are connected
by a mass less thread of length [ as shown in figure.

The particle of mass in on the plane undergoes a
circular motion with radius ry and angular
momentum L. When a small radial displacement €
(Whew €K 1y ) is applied, its radial coordinate is
found to found to oscillate about . The frequency
of the oscillations is

1 7mpg

(m1+%)r0 ‘/—_\

® - .ml

9. 7myyg )

(mq+mgp)rg
3. 3ng l

(m1+722)r EV®u,
A 3myg

(mq+mgp)rg
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5M

The time evolution of a coordinate x of a particle is
described by the equation

2

dx + 20?2
dt?

dt?

d?x

For () > A, the particle will

1. eventually come to rest at the origin
2. eventually drift to infinity (|x| — o)

3. oscillate about the origin

Q
4. eventually come to rest at 2 Or—

www.physicsbyaaryan.com
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A point charge is moving with a uniform velocity SC
along the positive x-direction, parallel to and very
close to a corrugated metal sheet (see the figure).

The wavelength of the electromagnetic radiation

received by an observer along the direction of
motion is

metal

1
1.2Vl p sheet
2. L1 — B? /\/\_/—\/

3. LB/1 — 2 < < .

4. L L L

Q76. [June 2019] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2019 June 5M

The equation of motion of a forced simple harmonic
oscillator is ¥ + w?x = AcosQt, where A is a
constant. At resonance () = w the amplitude of
oscillations at large times

1. saturates to a finite value

2. increases with time as +/t

3. increases linearly with time

4. increases exponentially with time

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811 Page 71/ 141




PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q77. [June 2020] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET

2020 June

3.5M

A point mass m, is constrained to move on the inner surface
of a paraboloid of revolution x? + y? = az (where a > 0 is a
constant). When it spirals down the surface, under the
influence of gravity (along —z direction), the angular speed
about the z - axis is proportional to

1. 1 (independentofz)

2w
N
H

www.physicsbyaaryan.com

. www.csirnetphysics.com .

Contact: 9501976811

Page 72/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q78. [June 2020] . 3.5 marks
Classical Mechanics > Oscillations

CSIR NET 2020 June 3.5M

Two coupled oscillators in a potential V(x,y) =%kx2 +

2xy + %ky2 (k > 2) can be decoupled into two independent

harmonic oscillators (coordinates: x',y’) by means of an

r
appropriate transformation (;,) =S (;) The transformation

matrix S is
1
1 vz '
1
L -5
1 1
V2 V2
e
2 2
1 _1
V2 V2
3 (_i 1
V2 2
0 -1
(1 )
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A heavy particle of rest mass M while moving along
the positive z - direction, decays into two identical
light particles with rest mass m (where M > 2m).
The maximum value of the momentum that any one
of the lighter particles can have in a direction
perpendicular to the z direction, is

1. ~CVM2 —4m?

2. %(:JMZ —2m?

3. CVM2 — 4m?2

4. 1MC
2
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A frictionless horizontal circular table is spinning

with a uniform angular velocity w about the vertical
axis through its centre. If a ball of radius a is placed
on it at a distance r from the centre of the table, its

linear velocity will be

1. —rwf + awb

rot + awb

2
3. awf + rod
4

0 (zero)
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Falling drops of rain break up and coalesce with
each other and finally achieve an approximately
spherical shape in the steady state. The radius of
such a drop scales with the surface tension o as

1. 1/yJo
2. o
3. ©
4
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The velocity v(x) of a particle moving in one

. . . . . X
dimension is given by v(X) = v,sin (X—), where v,
0

and x, are positive constants of appropriate
dimensions. If the particle is initially at x/x, =€,
where | € | K 1, then, in the long time, it

1. Executes an oscillatory motion around x = 0
2. Tendstowardsx =0

3. Tends towards x = X,
4

Executes an oscillatory motion around x = X,
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A pendulum executes small oscillations between
angles +0, and —0,. If t(0)d0 is the time spent

between 6 and 6 + d6, then t(0) is best

represented by

www.physicsbyaaryan.com . www.csirnetphysics.com
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Consider a particle with total energy E moving in
one dimension in a potential V(x) as shown in the
figure below. v

> X
Which of the following figures best represents the

orbit of the particle in the phase space?

ANRVA N
VARV 4
N
A . =

2.

4.
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A particle in one dimension executes oscillatory

motion in a potential V(x) = A|x|, where A> 0 is a
constant of appropriate dimension. |f the time
period T of its oscillation depends on the total
energy E as E4, then the value of ais

1. 1/3
2. 1/2
3. 2/3
4. 3/4
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A particle, thrown with a speed v from the earth's

surface, attains a maximum height h (measured

from the surface of the earth). If vis half the escape
velocity and R denotes the radius of earth, then
h/Ris

1.

www.physicsbyaaryan.com

2
3.
4

2/3
1/3
1/4
1/2
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A particle of mass 1 GeV/c? and its antiparticle,
both moving with the same speed v, produce new
particle x of mass 10 GeV/c? in a head on collision.
The minimum value of v required for this process is

closestto
1. 0.83c
2. 0.93c
3. 0.98c
4. 0.88c
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A monochromatic source emitting radiation with a

certain frequency moves with a velocity v away
from a stationary observer A. It is moving towards
another observer B (also at rest) along a line joining
the two. The frequencies of the radiation recorded

by A and B are V, and Vg, respectively. If the ratio
Ve
Va

1. 1/2
2. 1/4
3. 3/4

4. \3/2

= 7, thenthevalue ofv/cis
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A particle of mass m moves in a potential that is

1 . .
V= Em(w%xz + w5y? + w%z?%) in the coordinates

of a non-inertial frame F. The frame F is rotating

with respect to an inertial frame with an angular

velocity kQ, where kit is the unit vector along their

common z-axis. The motion of the particle is
unstable for all angular frequencies satisfying

1. (Q%2—-w?)(Q?-w5)>0
2. (%2 —w)Q? -w5) <0

3. (2% = (w1 + 02)*)(Q% = |og — wy[*) >0
4. (0% — (w1 + 02)*)(Q° = |w; — w,|*) <0
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A particle in two dimensions is found to trace an

orbitr(8) = ry02. If itis moving under the influence

of a central potential V(r) = c;r™@ + c,r™°, where

g, C; and c, are constants of appropriate

dimensions, the values of a and b, respectively, are

1. 2and4
2. 2and 3
3. 3and 4

4. 1and 3
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The fulcrum of a simple pendulum (consisting of a
particle of mass m attached to the support by a
massless string of length £ ) oscillates vertically as
sinz(t) = asinwt, where w is a constant. The
pendulum moves in a vertical plane and 6(t) denotes

its angular position with respect to the z-axis.
AZ

I
1
1
1
1
I
|
|
!
|
I

m
2
If E% +sinf(g—f(t)) =0 (where g is the

acceleration due to gravity) describes the equation of
motion of the mass, then f(t) is

1. aw?cos wt
2. aw’sin wt
3. —aw?cos wt
4

—aw?sin wt
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A satellite of mass m orbits around earth in an

elliptic trajectory of semi-major axis a. At a radial
distance r = ry, measured from the centre of the
earth, the kinetic energy is equal to half the
magnitude of the total energy. If M denotes the

. GM
mass of the earth and the total energy is — 2—51m’ the

value of rp/ais nearestto

1. 1.33
2. 1.48
3. 1.25
4. 1.67
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A wire, connected to a massless spring of spring

constant k and a block of mass m, goes around a

disc of radius a and moment of inertia I, as shown
in the figure. Assume that the spring remains
horizontal, the pulley rotates freely and there is no
slippage between the wire and the pulley. The
angular frequency of small oscillations of the disc

IS
2ka?
1. |2
ma?+1
ka?
2 | X
ma?+1
ka?
3. 2407
ma<+21
ka?
4,

2maz+1
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The Lagrangian of a system described by three

generalized coordinates g4, g, and g5 is

1 . ; .. .
L =-m(gf +¢3) + Md1q, + kd1qs,

where m, M and k are positive constants. Then, as

a function of time

1. two coordinates remain constant and one

evolves linearly

2. one coordinate remains constant, one evolves
linearly and the third evolves as a quadratic

function

3. one coordinate evolves linearly and two evolve

quadratically

4. all three evolve linearly
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The periods of oscillation of a simple pendulum at
the sea level and at the top of a mountain of height
6 km are T; and T,, respectively. If the radius of

(T,-T )
>—T1) is
Ty

earth is approximately 6000 km, then

closest to
1. —10~*
2. —1073
3 107*
4. 1073
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A particle of rest mass m is moving with a velocity vi\\:,
with respect to an inertial frame S. The energy of the
particle as measured by an observer S’, who is
moving with a uniform velocity ul with respectto S (in

terms of y, = 1/{/1 —u?/c?andy, = 1/{/1 —v2/c%is

1
2.

3.

1.

Vuyvm(cz — uv)

VuYymc?
1
S (u + yp)me?

1
> (v + vIm(c? —uv)

Q97. [June 2022] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2022 June

SM

The Lagrangian of system of two particles is

1.
2.
3.
4.

1. .
L=-%f + 2%5 —%(xf + xZ + x1%5).

The normal frequencies are best approximated by

1.2and 0.7
1.5and 0.5
1.7and 0.5
1.0and 0.4
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The Lagrangian of a particle in one dimension is

m . —
L=;x2—ax2—VOe 10x where a and V, are

positive  constants. The

best qualitative

representation of a trajectory in the phase space is

o 2.

.

R\
S~

TN
N
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Earth may be assumed to be an axially symmetric
freely rotating rigid body. The ratio of the principal
moments of inertia about the axis of symmetry and
an axis perpendicular to it is 33:32. If T is the time
taken by earth to make one rotation around its axis

of symmetry, then the time period of precession is

closest to
1. 33T,
2. 33T,/2
3. 32T,
4. 16T,
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A particle of mass m is moving in a stable circular

orbit or radius ry with angular momentum L. For a
potential energy V(r) = fr®(8 > 0and k > 0),
which of the following options is correct?

312
smp

1.k=3,r0=(

www.physicsbyaaryan.com . www.csirnetphysics.com
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The 1-dimensional Hamiltonian of a classical

particle of massmis
P2

H=-—e™/%+V
o (%)

where a is a constant with appropriate dimensions.
The corresponding Lagrangian is,

1.%(%)2 e*/% —V(x)

2. = (d—x)z e x/a _ V(x)

2 \d
o 2(8) v
(8 ey
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A particle of unit mass subjected to the 1-
dimensional potential

2aa 30
V(x) = 3 32
executes small oscillations about its equilibrium

position, where a and 8 are positive constants with
appropriate dimensions. The time period of small
oscillations is

Ta’

635

2

:

nma

3p

2T

3p

2ma’

6p

g

2

g

4.

g
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The coordinates of the following events in an
observer's inertial frame of reference are as
follows:

Event1:t; = 0,x; = 0: Arocket with uniform
velocity 0.5¢ crosses the observer at origin along x
axis

Event2:t, =T,x, = 0:The observer sends a light
pulse towards the rocket

Event 3: t3, x5 : The rocket receives the light pulse
The values of t3, x5 respectively are

1. 2T, cT

2.2T.5T
2

V3,, 2
S?T,ECT
2 . V3
4ET,?CT
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A particle moves in a circular orbit under a force

field given by ﬁ'(f") = — T%?”, where k is a positive

constant. If the force changes suddenly to

ﬁ(?) = — if‘, the shape of the new orbit would
2r2

be

1. parabolic
2. circular

3. elliptical
4. hyperbolic
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A particle of mass m is moving in a 3-dimensional
potential
o(r) = —E——’ k,k' >0
r 3r3’”

For the particle with angular momentum [, the
necessary condition to have a stable circular orbit
IS

£4-

1. kk' <
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A canonical transformation from the phase space

coordinates (g,p ) to ( Q, P ) is generated by the

function

(@, Q) = L tan 210,

where w is a positive constant. The function

Y(p, Q) isrelated to F(q, Q) by the Legendre
transformy = pq — F, where F is defined by
dF = pdq — PdQ. If the solution for (P, Q) is

P(t) = ﬁtz,Q(t) = Q, = constant

where t is time, then the solution for (p, q)

variables can be written as

1.p = j—;cos 21Qp, q = isin 21Q,
2.p = —;’—;cos 21Q0,q = isin 21Q,
3.p = j—;sin 21Q, q = icos 210,

4.p = —;j—;sin 21Q,, q = icos 21Q,
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A Lagrangian is given by

L=-m(x? +yz+ 22) — a(2x + 3y + 2)

The conserved momentum is

1. m[2% + 7]

2. m[2% + y + 7]
. 3. 1.

3.m|i+2y+57|

4. m[2% + 37]

Q108. [June 2023] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET

2023 June

3.5M

A one-dimensional rigid rod is constrained to move

inside a sphere such that its two ends are always in

contact with the

surface.

number of

constraints on the Cartesian coordinates of the

endpoints of the rod is

1. 3

2. 5
3. 2
4. 4
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The minor axis of Earth's elliptical orbit divides the
area within it into two halves. The eccentricity of
the orbit is 0.0167. The difference in time spent by
Earth in the two halves is closest to

1. 3.9days
2. 4.8 days
3. 12.3 days
4. 0days

Q110. [June 2023] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2023 June 3.5M

The Hamiltonian of a two particle systemis H = p;p, + q:9>,
where q; and q, are generalized coordinates and p, and p, are
the respective canonical momenta. The Lagrangian of this
system is

1. 9192 +q192
2. —Qi192 +q192
3. =192 — 9192
4. 4192 — q192
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A uniform circular disc on the xy-plane with its

centre at the origin has a moment of inertia I

about the x axis. If the disc is set in rotation about

the origin with an angular velocity w = mg(f + f(),

the direction of its angular momentum is along

1. —i+j+k

—14+7 42k

~

i+k

www.physicsbyaaryan.com

2
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4
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The trajectory of a particle moving in a plane is

expressed in polar coordinates (r,0) by the

. de
equations r=rOeBt and O where the

parameters rg, 3 and w are positive. Let v, and a,
denote the velocity and acceleration, respectively,
in the radial direction. For this trajectory

1. a, < 0 at all times irrespective of the values of
the parameters

2. a, > 0 at all times irrespective of the values of
the parameters

dvp

3. »m > 0 and a, > 0 for all choices of parameters

dvp
dt
parameters

4., > 0, however, a, = 0 for some choices of
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A system of two identical masses connected by
identical springs, as shown in the figure, oscillates
along the vertical direction. The ratio of the

frequencies of the normal modes is
1. V3—+V5: /3 ++5 .
% k

2. 3—4/5: 3++/5

3. \/5—\/§:\/5+\/§
4. 5—+/3: 5+4++/3
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For the transformation x —» X = %,p - P = Bx?

between conjugate pairs of a coordinate and its

momentum, to be canonical, the constants a and 3

must satisfy

1. 1+-aB =0

2. 1——af =
2

3. 14 2af =

4, 1—2af =
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A certain elementary particle is created in the upper
atmosphere. It then moves downward with speed
v = 0.9999c¢ with respect to an observer on earth.
lts lifetime in its rest frame is 2 X 10 %sec. The
distance (in the earth's frame) travelled by the
elementary particle before it decays is closest to

1.0.6 km
2.42 km
3.12 km
4.72 km
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A particle of rest mass m; and energy E collides
with another particle at rest, with the same rest
mass. What is the minimum value of E so that after
the collision, there may be four particles of rest

mass mg ?

1. 4mgc?

2.3mgc?

3. 7mqyc?

4.16mgyc?
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The point of support of a simple pendulum, of mass
m and length [, is attached to the roof of a taxi as
shown in the figure. The taxi is moving with uniform
velocity v. The Lagrangian for the pendulum is

y |
g 0 —>
I v
1
m 1
1 o1 :
1. L= EmZZQZ +Emv2 + mlv cos 660 — mgl cos 0

1 : 1 :
2. L= Emlzgz 4 zmvz + mlv cos 80 + mgl cos @

1 : 1 .
3. L= Emlzﬂz 4 Emvz + mlvsin 86 + mgl cos 8

4. I = Emlzﬁz + Emvz + mlvsin08 — mgl cos 6
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Two blocks m; and m, are

in contact on a
frictionless horizontal table. A horizontal force is

applied to one of the blocks, as shown in the figure.

E

Pml

my

%

If my =2kg,m, =1kg, and F = 3N, the force of

contact between the blocks is
1. 1N

2. 2N

3. 1.5N

4. 3N
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2
A frictionless track is defined by z = z, —:7, as
0

shown in the figure. A particle is constrained to slide
down the track under the action of gravity. The
tangential acceleration at position (x, z) would be

29X
1. J A,
sz + 4z
Z()
gx
2.
\/xz +4z5
T
>
gx
3. P
27
0 lg
4. x(x + zp)
g

x2 + 423
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The Lagrangian of a system is

L=—

Which one of the following is conserved?

15
2

1. 12% + 3y
12% — 3y

2
3. 3x —
4. 3x +

www.physicsbyaaryan.com

12y
3y
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For the transformation

Q =1In(1 + q?cosp), P = 2q*/%(1 + q*/*cosp)sinp

the generating function is

1. —(e? - 1)2c0tp

2. (e? - 1)2C0tp

3. (e? - 1)2tanp

4. —(e? - 1)2tanp
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A non-relativistic particle of mass m and charge q is

moving in a magnetic field §(x, y,z). If U denotes its

velocity and {...}pp denotes the Poisson Bracket,

then e,;jk{v,;, vj}P.B. Is equalto

1. —-LB,

2. 0
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The evolution of the dynamical variables x(t) and

p(t) is given by

X =ax,p=-—p

where a is a constant. The trajectoryin ( x,p ) space

for—1 < a < 0is best described by

PA
vV V VW VYV VY
< > < >
X 2%
N AN N N A
Y
3 4. A
P A
€ > < ., & >
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A uniform plane square sheet of mass m is centered
at the origin of an inertial frame. The sheet is
rotating about an axis passing through the origin. At
an instant when all its vertices lie on x and y axes,

the angular momentum is L= IOwO(Zf +f + 21%),
where [, is the moment of inertia about the x axis.
At this instant, the angular velocity of the sheetis

1. (20 +] 4+ 2k)w

2. (2i+]+k)w,

4, (f +}§a)0
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Q125. [June 2024] . 3.5 marks
Classical Mechanics > Central forces

CSIR NET 2024 June 3.5M

A body of mass m is acted upon by a central force
f(f’) = —k7, where k is a positive constant. If the

magnitude of the angular momentum is [, then the
total energy for a circular orbit is

1. 2/"‘—‘2
m

1 |kl?
2. = |—
2\ m
3 |kl?
3. - [—
2\ m
k2
4. —
m
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Q126. [June 2024] . 3.5 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2024 June 3.5M

A square plate of dimension a X a makes an angle
0 = m/4 with the x axis in its rest frame (§) as shown

in the figure. It is moving with a speed v = \EC

along the x axis with respect to an observer S’
(where C is the speed of light in vacuum). The value
of the interior angle ¢ indicated in the figure (which
is obviously /2 in the frame S ), as measured in S’ is

T A
— Y
1. .
2T
2. Y 4
- a
3. -
6
41T
4, Y | f
7
X
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Q127. [June 2024] . 5.0 marks
Classical Mechanics > Central forces

CSIR NET

2024 June

5M

A particle of mass m is moving in a potential V(r) = — -,

k
r

where k is a positive constant. If L and p denote the
angular momentum and linear momentum respectively,

the value of a for which A = L X p + amkft is a constant
of motion, is
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Q128. [June 2024] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2024 June 5M

A linear molecule is modelled as two atoms of equal
mass m placed at coordinates x; and x,, connected
by a spring of spring constant k. The molecule is
moving in one dimension under an additional

: 1
external potential V(xy,x;) = - mw; (xZ +x2). If
one frequency of molecular vibration is wg, the other
frequency is

1 wg—%
2 w§+%
3 \/a)g+§
4 \/a)g—%
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Q129. [June 2024] . 5.0 marks
Classical Mechanics > Poisson brackets

CSIR NET 2024 June 5M
For a simple harmonic oscillator, the Lagrangian is
given by
1 1
] = — 22 42
21 71

If H(g,p) is the Hamiltonian of the system and
A(p,q) = % (p + iq), the Poisson bracket {4, H} is

1. A
2. A
3. —iA”
4. —iA
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Q130. [June 2024] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2024 June SM

Three identical simple pendula (of mass m and
equilibrium string length [ ) are attached together

by springs of spring constant k, as shown in the
figure.

>
-~
X

The frequencies of small oscillations are given by

f J “? The normal modes (without

normallsatlon) corresponding to these frequencies
respectively are

1.(1,1,1),(1,0,1), (1,-2,1)
2.(1,1,1),(1,0,—1),(1,2,1)
3.(1,1,1),(1,0,—1),(1,-2,1)
4.(1,2,1),(1,0,—1),(1,1,1)
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Q131. [Dec 2025] . 3.5 marks
Classical Mechanics > Rotation Motion

CSIR NET 2025 Dec 3.5M CM

A fly of mass m rests on the edge of a uniform
horizontal disc of radius R and mass M. The disc
Is free to rotate about the vertical axis through
its center. Initially the disc is stationary. The fly
starts to walk around the circumference of the
disc with speed v relative to the disc. The speed

of the fly for a stationary observer is
1 muv

M4+2m
Mv

M-2m
Mv

M+2m
mv

M-2m

2,
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Q132. [Dec 2025] . 3.5 marks
Classical Mechanics > Rotation Motion

CSIR NET 2025 Dec 3.5M CM

The position and velocity vector of a particle

changes from f\”1 to ﬁz and Vfto 1_/)2 as time changes

from tq to ty. If 7(t), a(t) are instantaneous
position and acceleration vectors of the particle
then the integral

[ = ff dt(7(t) x a(t)) is

1.R, xVy — Ry x V,
2.R, xV,— Ry XV,
3.ﬁ1xl71—§2><72
4.Ry xV, — Ry x V,
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Q133. [Dec 2025] . 3.5 marks
Classical Mechanics > Phase space diagrams

CSIR NET 2025 Dec 3.5M CM

Which of the following figures best represents the
motion of an oscillator described by the differential
equationg +qg +q = 0ing — q plane?

. \“*/ 4
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Q134. [Dec 2025] . 3.5 marks
Classical Mechanics > Basic Mechanics

CSIR NET 2025 Dec

3.

5M Wave/Optic

A bow has a taut string of tension T, (when itis atrest). The
string is pulled and released at time ¢t = 0. Which plot best
represents the tension in the bow string as a function of time?

T[I ------------------------
7 | = /\ I T A 5 &
(0,0) \time > 2
Ty
(0.0] time =
1Y) S S D 3
&
3.| 3 B
E /\/\ :
(0,0) time - (0,0) time =
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Q135. [Dec 2025] . 5.0 marks
Classical Mechanics > Canonical transformations

CSIR NET 2025 Dec

5M

MMP

The Lagrangian L = L(x,y, x,y) is invariant under the

transformationx - x + eyandy — y + €x, for any

Infinitesimal real parameter €.

If P, P, denote canonically conjugate momenta

corresponding to x, y respectively, then the
corresponding conserved quantity is

1. yP, — xP,
2.yP, + xP,
3. xP. + yP,
4. xP. — yP,
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Q136. [Dec 2025] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2025 Dec 5M CM

In a high energy scattering experiment involving two
identical particles, each of rest mass m, one
particle is initially at rest, while the other one is
incident upon it with energy E and momentum p.
The total energy of the two-particle system in the
centre-of-mass frame, in the limit E > mocz, IS
approximately given by

1. E

2. 2F

Em0€2
2

4. \J2Em,c?

3.
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Q137. [Dec 2025] . 5.0 marks
Classical Mechanics > Oscillations

CSIR NET 2025 Dec

5M

CM

The Lagrangian of a two-particle system is given by

L_1
2

1

m(q7 + 45 + 41G2) — Emmz

(q%+ff'§+

Q1QZ)-

The normal mode frequencies (in units of w ) are

www.physicsbyaaryan.com

. www.csirnetphysics.com . Contact: 9501976811

Page 129/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q138. [Dec 2025] . 5.0 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2025 Dec

5M

CM

The Hamiltonian of a simple pendulum consisting
of mass m attached to a massless string of length [

2

isH = 2;—912 + mgl(1 — cos@). If L denotes the

: dL .
Lagrangian, then - is

1. %chosﬂ

2. ‘—f P,sin®

3. __,;,g Pgysinf

4. %PHCOS(ZQ)

Q139. [June 2025] . 3.5 marks
Classical Mechanics > Basic Mechanics

[image unavailable]
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Q140. [June 2025] .

3.5 marks

Classical Mechanics > Basic Mechanics

CSIR NET

2025 June

3.5M

CM

A particle of mass m is subjected to a potential V(x) = V,0(x) — kx,
where V; and k are positive constants and V; is much larger than the
energy of the particle. The function ©(x) = 1 forx = 0 and equals 0
otherwise. The particle starts fromrestatt = 0 and x = —5. Inthe

limit Vy — oo, the graph for x(t) is best represented by

1. 2.
x(t) P x(t)
o p
/ i
! / ‘),-'
/ / t
F 4,
x(t) X(t)
t
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Q141. [June 2025] . 3.5 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2025 June 3.5M CM

The Hamiltonian of a system is given by

H(x,p) = —[p2 + Vz(x)]l/z, where x and p are
generalized co-ordinate and momentum
respectively and V(x) =0 . The corresponding
Lagrangianis

1. =V (x)V1 — %2

2. —V(x)/V1 — %2

3.V(x)V1 — %2

4.V(x) /N1 — %2
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Q142. [June 2025] . 3.5 marks
Classical Mechanics > Rotation Motion

CSIR NET

2025 June 3.5M CM

Consider the earth to be a free rigid body
symmetric about its north-south ( z ) axis. If the

principal moments of inertia satisfy I, = 1.0031/,,
then its angular velocity (in the body fixed frame)
would precess about the z-axis with a period of

nearly

1. 167 days
2. 333 days
3. 556 days
4. 667 days
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Q143. [June 2025] . 5.0 marks
Classical Mechanics > Poisson brackets

CSIR NET 2025 June 5M CM

For a free particle of mass m, consider the
following time dependent quantity in phase space
_qp pt
Q — - 2
m m
where q and p are the canonically conjugate

position and momentum coordinates respectively.

Then i—? IS given by

1.0
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Q144. [June 2025] . 5.0 marks
Classical Mechanics > Lagrangian and Hamiltonian

CSIR NET 2025 June

5M

CM

A massless rod of length [ is hinged at the extreme end of a
vertical spring whose other end is fixed to the ground. A
point mass m is fixed at end of the rod, as shown in the
figure. Assume harmonic motion of the spring given by

h(t) = ho(2 + coswt), where hy > [. The equation of motion
of the mass (confined to the plane of the figure) is given by

1. 16 + w?hysinfsinwt — gsind = 0
2. 16 + w?hysinfcoswt — gsinf = 0
3. 16 + w?hysinfcoswt + gsin@ = 0
4. 10 — w?hysinfsinwt + gsind = 0

www.physicsbyaaryan.com . www.csirnetphysics.com . Contact: 9501976811

Page 135/ 141



PhysicsByAaryan CSIR NET Physics - Classical Mechanics

Q145. [June 2025] . 5.0 marks
Classical Mechanics > Special theory of relativity

CSIR NET 2025 June 5M CM

In its rest frame, a source emits light in a conical
beam of width —45° to 45°. An observer is moving
towards the source with a speed v. For the
observer, the beam width appearsto be —30" to
30°. The speed of the observer is closest to

Rest frame

1.0.62c

2.0.50c =

(=2 0
3.0.82c 45 -
45
4.041c
Observer’s frame ——
1%
Rest frame
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Answer Key

145 questions . Subject and topic for quick revision

Q. No Subject Topic Answer
Q1 Classical Mechanics Central forces 1
Q2 Classical Mechanics Rotation Motion 2
Q3 Classical Mechanics Oscillations 1
Q4 Classical Mechanics Special theory of relativity 3
Q5 Classical Mechanics Oscillations 3
Q6 Classical Mechanics Canonical transformations 4
Q7 Classical Mechanics Special theory of relativity 2
Q8 Classical Mechanics Lagrangian and Hamiltonian 4
Q9 Classical Mechanics Lagrangian and Hamiltonian 3
Q10 Classical Mechanics Oscillations 2
Q11 Classical Mechanics Central forces 1
Q12 Classical Mechanics Special theory of relativity 2
Q13 Classical Mechanics Canonical transformations 4
Q14 Classical Mechanics Phase space diagrams 1
Q15 Classical Mechanics Special theory of relativity 3
Q16 Classical Mechanics Basic Mechanics 2
Q17 Classical Mechanics Special theory of relativity 4
Q18 Classical Mechanics Poisson brackets 1
Q19 Classical Mechanics Lagrangian and Hamiltonian 4
Q20 Classical Mechanics Oscillations 2
Q21 Classical Mechanics Basic Mechanics 1
Q22 Classical Mechanics Central forces 3
Q23 Classical Mechanics Special theory of relativity 1
Q24 Classical Mechanics Special theory of relativity 4
Q25 Classical Mechanics Basic Mechanics 3
Q26 Classical Mechanics Lagrangian and Hamiltonian 1
Q27 Classical Mechanics Special theory of relativity 2
Q28 Classical Mechanics Canonical transformations 2
Q29 Classical Mechanics Lagrangian and Hamiltonian 2
Q30 Classical Mechanics Pseudo Forces 4
Q31 Classical Mechanics Basic Mechanics 2
Q32 Classical Mechanics Special theory of relativity 2
Q33 Classical Mechanics Oscillations 1
Q34 Classical Mechanics Oscillations 1
Q35 Classical Mechanics Phase space diagrams 2
Q36 Classical Mechanics Canonical transformations None
Q37 Classical Mechanics Central forces 3
Q38 Classical Mechanics Special theory of relativity 4
Q39 Classical Mechanics Lagrangian and Hamiltonian 1
Q40 Classical Mechanics Special theory of relativity 3
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Answer Key (cont.)

(O\[o] Subject Topic

Q41 Classical Mechanics Basic Mechanics 3
Q42 Classical Mechanics Oscillations 1
Q43 Classical Mechanics Lagrangian and Hamiltonian 3
Q44 Classical Mechanics Canonical transformations 4
Q45 Classical Mechanics Lagrangian and Hamiltonian 2
Q46 Classical Mechanics Basic Mechanics 3
Q47 Classical Mechanics Central forces 3
Q48 Classical Mechanics Oscillations 3
Q49 Classical Mechanics Special theory of relativity 3
Q50 Classical Mechanics Lagrangian and Hamiltonian 3
Q51 Classical Mechanics Lagrangian and Hamiltonian 1
Q52 Classical Mechanics Special theory of relativity 1
Q53 Classical Mechanics Oscillations 1
Q54 Classical Mechanics Central forces 3
Q55 Classical Mechanics Special theory of relativity 2
Q56 Classical Mechanics Oscillations 3
Q57 Classical Mechanics Central forces 2
Q58 Classical Mechanics Lagrangian and Hamiltonian 3
Q59 Classical Mechanics Special theory of relativity 2
Q60 Classical Mechanics Special theory of relativity 3
Q61 Classical Mechanics Basic Mechanics 2
Q62 Classical Mechanics Phase space diagrams 2
Q63 Classical Mechanics Lagrangian and Hamiltonian 2
Q64 Classical Mechanics Canonical transformations 2
Q65 Classical Mechanics Poisson brackets 1
Q66 Classical Mechanics Basic Mechanics 2
Q67 Classical Mechanics Basic Mechanics 1
Q68 Classical Mechanics Basic Mechanics 3
Q69 Classical Mechanics Pseudo Forces 4
Q70 Classical Mechanics Central forces 1
Q71 Classical Mechanics Oscillations 2
Q72 Classical Mechanics Basic Mechanics 1
Q73 Classical Mechanics Lagrangian and Hamiltonian 4
Q74 Classical Mechanics Basic Mechanics 3
Q75 Classical Mechanics Special theory of relativity 1
Q76 Classical Mechanics Oscillations 3
Q77 Classical Mechanics Lagrangian and Hamiltonian 3
Q78 Classical Mechanics Oscillations 2
Q79 Classical Mechanics Special theory of relativity 1
Q80 Classical Mechanics Rotation Motion 4
Q81 Classical Mechanics Basic Mechanics 1
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Answer Key (cont.)

Q. No Subject Topic

Q82 Classical Mechanics Basic Mechanics 3
Q83 Classical Mechanics Oscillations 2
Q84 Classical Mechanics Phase space diagrams 1
Q85 Classical Mechanics Oscillations 2
Q86 Classical Mechanics Central forces 2
Q87 Classical Mechanics Special theory of relativity 3
Q88 Classical Mechanics Special theory of relativity 3
Q89 Classical Mechanics Oscillations 2
Q90 Classical Mechanics Central forces 2
Q91 Classical Mechanics Lagrangian and Hamiltonian None
Q92 Classical Mechanics Central forces 1
Q93 Classical Mechanics Oscillations 2
Q94 Classical Mechanics Lagrangian and Hamiltonian 1
Q95 Classical Mechanics Central forces 4
Q96 Classical Mechanics Special theory of relativity 2
Q97 Classical Mechanics Oscillations 4
Q98 Classical Mechanics Phase space diagrams None
Q99 Classical Mechanics Rotation Motion 3
Q100 Classical Mechanics Central forces 2
Q101 Classical Mechanics Lagrangian and Hamiltonian 1
Q102 Classical Mechanics Oscillations 4
Q103 Classical Mechanics Special theory of relativity 1
Q104 Classical Mechanics Central forces 1
Q105 Classical Mechanics Central forces 1
Q106 Classical Mechanics Canonical transformations 1
Q107 Classical Mechanics Lagrangian and Hamiltonian 2
Q108 Classical Mechanics Lagrangian and Hamiltonian 1
Q109 Classical Mechanics Central forces 1
Q110 Classical Mechanics Lagrangian and Hamiltonian 4
Q111 Classical Mechanics Rotation Motion 3
Q112 Classical Mechanics Central forces 4
Q113 Classical Mechanics Oscillations 1
Q114 Classical Mechanics Canonical transformations 3
Q115 Classical Mechanics Special theory of relativity 2
Q116 Classical Mechanics Special theory of relativity 3
Q117 Classical Mechanics Lagrangian and Hamiltonian 2
Q118 Classical Mechanics Basic Mechanics 1
Q119 Classical Mechanics Basic Mechanics 2
Q120 Classical Mechanics Lagrangian and Hamiltonian 1
Q121 Classical Mechanics Canonical transformations 4
Q122 Classical Mechanics Poisson brackets 3
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Answer Key (cont.)

(O\[o] Subject Topic

Q123 Classical Mechanics Phase space diagrams 1
Q124 Classical Mechanics Rotation Motion 2
Q125 Classical Mechanics Central forces 4
Q126 Classical Mechanics Special theory of relativity 1
Q127 Classical Mechanics Central forces 4
Q128 Classical Mechanics Oscillations 3
Q129 Classical Mechanics Poisson brackets 1
Q130 Classical Mechanics Oscillations 3
Q131 Classical Mechanics Rotation Motion 3
Q132 Classical Mechanics Rotation Motion 2
Q133 Classical Mechanics Phase space diagrams 4
Q134 Classical Mechanics Basic Mechanics 2
Q135 Classical Mechanics Canonical transformations 2
Q136 Classical Mechanics Special theory of relativity 4
Q137 Classical Mechanics Oscillations 2
Q138 Classical Mechanics Lagrangian and Hamiltonian 3
Q139 Classical Mechanics Basic Mechanics 1
Q140 Classical Mechanics Basic Mechanics 2
Q141 Classical Mechanics Lagrangian and Hamiltonian 3
Q142 Classical Mechanics Rotation Motion 2
Q143 Classical Mechanics Poisson brackets 1
Q144 Classical Mechanics Lagrangian and Hamiltonian 2
Q145 Classical Mechanics Special theory of relativity 4
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