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NEWTONIAN MECHANICS

1. A particle is placed in a region with the potential V(x)=% kx?- §x3, where k, 1>0.
Then, [GATE- 2010]
(a) x=0 and x=§ are points of stable equilibrium
(b) x=0 is a point of stable equilibrium and X:§ is a point of unstable equilibrium

(c) x=0 and x=§ are points of unstable equilibrium

(d) (d) There are no points of stable or unstable equilibrium

2.  Two bodies of mass m and 2m are connected by a spring constant k£ . The
frequency of the normal mode is. [GATE- 2011]

(a) /3k/2m (b) /k/m (c)v/2k/3m (d)Vk/2m

3. A particle of unit mass moves along the x-axis under the influence of a potential,
V(x) =x(x-2)? The particle is found to be in stable equilibrium at the point x=2.

The time period of oscillation of the particle is. [GATE- 2012]
()2 (b)rr ()= (d)2m

4.  In the most general case, which one of the following quantities is NOT a second
order tensor? [GATE- 2013]
(a) Stress (b) Strain
(c) Moment of inertia (d) Pressure

5.  Consider two small blocks, each of mass M, attached to two identical springs. One
of the springs is attached to the wall, as shown in the figure. The spring constant
of each spring 1s k. The masses slide along the surface and the friction is

negligible. The frequency of one of the normal modes of the system is,
[GATE- 2013]

k k

FOOO0000 1 M (BO000001 M
(a)J?f \[% (b) [2RX
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10.

Two masses m and 3m are attached to the two ends of a massless spring with force
constant K . If m=100g and K =0.3N /m , then the natural angular frequency of
oscillation is Hz. [GATE- 2014]

A bead of mass m can slide without friction along a massless rod kept at 450 with
the vertical as shown in the figure. The rod is rotating about the vertical axis with
a constant angular speed w . At any instant » is the distance of the bead from the

origin. The momentum conjugate to 7 is: [GATE- 2014]
i SIS pas
L)
(a) mF (b) = mr (c) = mr (d) V2m7
V2 2
A particle of mass m is in a potential given by. [GATE- 2014]
_ _a, 91
V(1) ~t+ 3

Where a and ry are positive constants. When disturbed slightly from its stable
equilibrium position it undergoes a simple harmonic oscillation. The time period
of oscillation is
3
(b) 2m_ [0

(a) 2w » "

(c) 2n \/?TS (d) 4n \/?

A particle of mass 0.01 kg falls freely in the earth’s gravitational field with an
initial Velocity (0) =10ms ! . If the air exerts a frictional force of the form, /= -kv
, then for K= 0.05Nm ! s, the velocity (in ms ') at time ¢ = 0.2 s is

(upto two decimal places). (use g = 10ms? and e= 2.72):

3
mry,

[GATE- 2015]

Consider the motion of the Sun with respect to the rotation of the Earth about its

axis. If F. and F., denote the centrifugal and the Coriolis forces, respectively,
acting on the Sun, then [GATE- 2015]

(a) F. is radially outwards and Feo= F.

(b) F ¢ 1s radially inwards and F w=-2F.

-

(©) F. is radially outwards and Feo=-2F.

-

(d) F. is radially outwards and Feo=2F,
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11. Two identical masses of 10 gm each are connected by a mass less spring of spring
constant 1N/M. The non-zero angular eigen frequency of the system
1Seeeeeennnnn. rad/s. [GATE- 2017]
(up to two decimal places

12. A uniform solid cylinder is released on a horizontal surface with speed 5m/ s
without any rotation (slipping without rolling). The cylinder eventually starts
rolling without slipping. If the mass and radius of the cylinder are 10 gm and 1cm
respectively, the final linear velocity of the cylinder is............... m/ s . (up to
two decimal places). [GATE- 2017]

13. A person weighs w, at Earth’s north pole and w, at the equator. Treating the
Earth as a perfect sphere of radius 6400 km , the value lOOX@

14
1S.iiiiinnnnn (up to two decimal places). (Take g = 10ms™). [GATE- 2017]

14. In the context of small oscillations, which one of the following does NOT apply to
the normal coordinates? [GATE- 2018]
(a) Each normal coordinate has an eigen-frequency associated with it
(b) The normal coordinates are orthogonal to one another
(c) The normal coordinates are all independent
(d) The potential energy of the system is a sum of squares of the normal
coordinates with constant coefficients

15. The potential energy of a particle of mass m is given by. [GATE- 2020]

Ux)=asin(k’x — 1/2), a>0, k>0
The angular frequency of small oscillations of the particle about x =0 is
2 @ 2 ’L ol [ 2 (&
(@) k \/; (b) k o (c)k \/; (d) 2k \/;

CENTRAL FORCE

1. In a central force field, the trajectory of a particle of mass m and angular

momentum L in plane polar coordinates is given by, [GATE- 2012]
1 _m

~= 1—2(1+£c039)

Where, ¢ is the eccentricity of the particle’s motion. Which one of the following
choice for € gives rise to a parabolic trajectory?
(a)e=0 be=1 c)<ex<1 de>1
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A planet of mass m moves in a circular orbit of radius 0 » in the gravitational

: k : .. :
potential V(r)= - = where k is a positive constant. The orbit angular momentum
of the planet is: [GATE- 2014]

(a) 2rokm (b) /21okm (¢c) rokm (d) \/1rokm

A satellite is moving in a circular orbit around the Earth. If 7.} and E are its
average kinetic, average potential and total energies, respectively, then which one

of the following options is correct? [GATE- 2015]
(a)V=-=2T; E=-T (b)V=-T; E=0
(©V=—2E=- (V="SE==

An interstellar object has speed v at the point of its shortest distance R from a star

of much larger mass M . Given v =2GM/R, the trajectory of the object is:
[GATE- 2018]

(a) Circle (b) Ellipse
(c) Parabola (d) Hyperbola

A uniform circular disc of mass m and radius R is rotating with angular speed w
about an axis passing through its centre and making an angle 8 = 30° with the
axis of the disc. If the kinetic energy of the disc is amw?R?, the value of «

is (up to two decimal places). [GATE- 2018]
e
|GI. -
/)

8%

A projectile of mass 1kg is launched at an angle of 30° from the horizontal
direction at # = 0 and takes time 7" before hitting the ground. If its initial speed is
10 ms™!, the value of the action integral for the entire flight in the units of kgm?®s

!'(round off to one decimal place) is . [Take g =10ms™].
[GATE- 2019]

. o : > K, .
A particle is moving in a central force field given by F = - =T, where 7 is the
unit vector pointing away from the center of field. The potential energy of the

particle is given by: [GATE- 2020]
K K K K
@) - (b)-= (©) = (d) 5=
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SPECIAL THEORY OF RELATIVITY

1. For the set of all Lorentz transformations with velocities along the x -axis
consider the two statements given below: [GATE- 2010]
P: If L is a Lorentz transformation, then, L™ is also a Lorentz transformation.
Q: If L, and L, are Lorentz transformations, then L; L, is necessarily a Lorentz

transformation.
Choose the correct option
(a) P is true and Q is false (b) Both P and Q are true
(c) Both P and Q are false (d) P is false and Q is true
2. A 7° meson at rest decays into two photons, which moves along the x -axis. They

are both detected simultaneously after a time, r=10s . In an inertial frame moving
with a velocity v=0.6¢ in the direction of one of the photons, the time interval

between the two detections is. [GATE- 2010]
(a) 15¢ (b)0s (c)10s (d)20s

3. Two particles each of rest mass m collide head-on and stick together. Before
collision, the speed of each mass was 0.6 times the speed of light in free space.
The mass of the final entity is. [GATE- 2011]
(a)5m/4 (b)2m (c)5Sm/2 (d)25m/8

4. A rod of proper length O / oriented parallel to the x-axis moves with speed 2¢ / 3
along the x -axis in the S -frame, where c is the speed of light in free space. The
observer is also moving along the x -axis with speed ¢ / 2 with respect to the § -

frame. The length of the rod as measured by the observer is. [GATE- 2012]
(a) 0.35/y (b) 0.48/ (c) 0.871y (d) 0.971
5. An electron is moving with a velocity of 0.85¢ in the same direction as that of a
moving photon. The relative velocity of the electron with respect to photon is:
[GATE- 2013]
(a)c (b) -c (c) 0.15¢ (d)-0.15¢
6. The relativistic form of Newton’s second law of motion is: [GATE- 2013]
_ mc dv Ve gy
(a) F= c2-v? dt (b) F c adt
mc? dv 2™ ay
(©) F=—=7; (d) F———-
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10.

11.

12.

If the half-life of an elementary particle moving with speed 0.9c in the laboratory
frame is 5x10% s, then the proper half-life is x10% s. (c=

3x10%m/s) [GATE- 2014]

In an inertial frame S , two events 4 and B take place at (cta = 0,7 = 0) and (ctp

=0, ,’'s=29), respectively. The times at which these events take place in a frame
S’ moving with a velocity 0.6¢ )~ with respect to S are given by.  [GATE- 2015]
(@) ct'a=0; ct'g = - % (b)cta=0;ctg=0

(d) ct'a=0; ct'g = !

(C)ct'a=0; ct'p = 2

N W

A particle with rest mass M is at rest and decays into two particles of equal rest

masses %OM which move along the z axis. Their velocities are given by:

[GATE- 2015]
(a) 131 = 1_7)2 = (080)ZA (b) 131 = —1_7)2 = (080)2
(c) U1 = —v, = (0.6¢)Z (d) v = (0.6¢)Z; ¥, = (-0.8¢)2

The kinetic energy of a particle of rest mass my is equal to its rest mass energy.
Its momentum in units of myc , where ¢ is the speed of light in vacuum, is
: [GATE- 2016]
(Give your answer upto two decimal places)

In an inertial frame of reference S, an observer finds two events occurring at the
same time at coordinates x;= 0 and x,= d . A different inertial frame S* moves
with velocity v with respect to S along the positive x -axis. An observer in §" also
notices these two events and finds them to occur at times ¢, and ¢, and at
positions x;" and x,' respectively. [GATE- 2016]

If At =t,— t'1,AX' = X'»— X1 and Y = \/172 ,
1-%
c

which of the following statement is

true?

(a) At = 0, Ax’ = yd (b) At =0, Ax' = %
e L s

(c) At R Ax'=yd (d) At = Ax »

A particle of rest mass M is moving along the positive x -direction. It decays into
two photons y; and y, as shown in the figure. The energy of y; is 1 GeV and the

energy of y, is 0.82 GeV. The value of M (in units of GCLZV is
(Give your answer upto two decimal places) [GATE- 2016]

14, RATIPUR ROAD, NEAR SURVEY CHOWK, DEHRADUN
CONTACT:- +919045460409, +919870827730 website:- www. careerspectra.in
Page | 7




Career Spectra [}

13.

14.

15.

16.

An object travels along the x -direction with velocity % in a frame O. An observer

in a frame O’ sees the same object travelling with velocity % . The relative

velocity of O’ with respect to O inunits of cis .................. (up to two decimal
places). [GATE- 2017]

A spaceship is travelling with a velocity of 0.7 ¢ away from a space station. The
spaceship ejects a probe with a velocity 0.59¢ opposite to its own velocity. A
person in the space station would see the probe moving at a speed Xc , where the
value of X ................ (up to three decimal places). [GATE- 2018]

Two spaceships 4 and B , each of the same rest length L , are moving in the same
direction with speeds % and 3?6 , respectively, where ¢ is the speed of light. As

measured by B, the time taken by A to completely overtake B [see figure below]
in units of L/c (to the nearest integer) is

Two events, one on the earth and the other one on the Sun, occur simultaneously
in the earth’s frame. The time difference between the two events as seen by an
observer in a spaceship moving with velocity 0.5¢ in the earth’s frame along the
line joining the earth to the Sun is A¢ , where c is the speed of light. Given that
light travels from the Sun to the earth in 8.3 minutes in the earth’s frame, the
value of |At| in minutes (rounded off to two decimal places) is
(Take the earth’s frame to be inertial and neglect the relative motion between the
earth and the sun). [GATE- 2019]
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LAGRANGIAN
1. A particle is moving under the action of a generalized potential V(q,c'1)=1qu . The
magnitude of the generalized force is: [GATE- 2011]
2(1+9) 2(1-9) 2 q
@)= (b)) =2 ©) )2

A particle of mass m slides under the gravity without friction along the parabolic
path y=ax? , as shown in the figure. Here a is a constant. [GATE- 2012]

4y
|

¢ x

The Lagrangian for this particle is given by

L J

(a) L= - mx>-mgax’ (b) L = 2 m(1+4a2x?)x>-mgax>
2 2

(c) L= % mx’*+mgax? (dL= % m(1+4a’x?)x*+mgax>

The Lagrange’s equation of motion of the particle for above question is given by
(a) Xx=2gax

(b) m(1+4a’x?)¥ = —2mgax — 4ma’*xx>
(c) m(1+4a’x?)¥=2mgax-+4ma’xx>
(d) x= -2gax

The Lagrangian of a system with one degree of freedom ¢ is given by
L=ag’+ Bq*,where a and f are non-zero constants. If p, denotes the canonical
momentum conjugate to g then which one of the following statements is
CORRECT? [GATE- 2013]
(a) pg=2 Bq and it is a conserved quantity.

(b) p4=2 Bq and it is not a conserved quantity.

(¢) pg=2aq and it is a conserved quantity.

(d) ) pg=2aq and it is not a conserved quantity.

The Lagrangian for a particle of mass m at a position ¥ moving with a velocity ¥
is given by L = %1_52 + CT. ¥ - V(r) , where V() is a potential and C is a constant.
If p. is the canonical momentum, then its Hamiltonian is given by: [GATE- 2015]
(2) 5(Be+ CP? +V() (b) 5 -(Fe+ C7)* +V()
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Z 1
(c) f—m +V(r) (d) — pZ+ Cr? + V(r)

The Lagrangian of a system is given by. [GATE- 2016]
L= %mlz[éz + sin? ¢2]| — mgl cosf, where m, I and g are constants.
Which of the following is conserved?

. . 9 . ¢ ¢
(a) ¢sin~ 6 (b) @sin 6 (©) s (d) ey
: d : : d
If the Lagrangian L, = %m (d—Z)z - %moozq2 is modified to L = Ly + agq (d—ctl) ,
which one of the following is TRUE? [GATE- 2017]

(a) Both the canonical momentum and equation of motion do not change
(b) Canonical momentum changes, equation of motion does not change
(c) Canonical momentum does not change, equation of motion changes
(d) Both the canonical momentum and equation of motion change

ap?d* B
e 2’ where a and [ are parameters
with appropriate dimensions, and ¢ and p are the generalized coordinate and

momentum, respectively. The corresponding Lagrangian L (g ,q) is:

Consider the Hamiltonian H(q , p) =

[GATE- 2019]
1q2 B 1q2 B 1q2 B 1q2 B
4 _£ S 4L F L N
(a) 2a g4 q2 (b 2a qg* g2 (C) 2a g% q2 (d) 2a q* g2

Consider the Lagrangian L =« (Z;)z +b(dx 2 + ¢xy , where a, b and ¢ constants.

dt

If px and py are the momenta conjugate to the coordinates x and y respectively,
then the Hamiltonian is. [GATE- 2020]
@Z 4+ 4 oy ) 2 4B oy

a2 b2 y 2621 212) y

Px , Py _ bx . Py
(c) o+, — Xy (d)5, +5, tcxy

HAMILTONIAN

Hamilton’s equations are then given by: [GATE- 2010]
(a) po=-mglsin 6; 6=—"2 (b) pg = mglsin6; 6 =--%
(c) po = —mé; 6 =12 () po=—(%)6; 6=L2
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A particle of mass m is attached to a fixed point O by a weightless inextensible
string of length a . It is rotating under the gravity as shown in the figure. The
Lagrangian of the particle is. [GATE- 2012]

L6, OIp) = %ma2(92+sin2 0 [7J¢$?)-mga cos® where 8 and ¢ are the polar

angles. The Hamiltonian of the pCﬂicﬁéTS 1s
¢ 0

[x)

" =TT ™
g :
__1 2 PG

(@H=—{pj LI0] + —2g )-mga coso (b) H

__1 Po

=— (pg 0 + Sin29)+mga cosf

1 1

(c)H= W(pg + pé)-mgacos@ (dH= m(pg + pé,)erga cosf

The Hamilton’s canonical equation of motion in terms of Poisson Brackets are
[GATE- 2014]

(@) ¢= {q,H}; p ={p, H} (b) = {H,q}; p = {H,p}

() g={H,p};p={H,p} (d) ¢={p,H}; p ={q, H}

The Hamiltonian for a system of two particles of masses m; and m, at 71 and 7

: e o S .. 1 1 A o
having velocities v, and v, is given by H = Emlv% + Emzvg + Goap - (ry X
1— 12
7,)% , where C is constant. Which one of the following statements is correct?
[GATE- 2015]

(a) The total energy and total momentum are conserved

(b) Only the total energy is conserved

(c) The total energy and the z - component of the total angular momentum are
conserved

(d) The total energy and total angular momentum are conserved

If H is the Hamiltonian for a free particle with mass m , the commutator

|[x, [x, H]] is. [GATE- 2018]
(a) h*/m (b) —h%m
(©) -h2/2m (d) h2/(2m)

2
The Hamiltonian for a particle of mass m is H= ;—m +kqt where ¢ and p are the

generalized coordinate and momentum, respectively, 7 is time and £ is a constant.
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For the initial condition, q =0 and p = 0 at t = 0,q(t) « t* . The value of « is
[GATE- 2019]

A small disc is suspended by a fiber such that it is free to rotate about the fiber
axis (see figure). For small angular deflections, the Hamiltonian for the disc is

2
. 1 . . . . .
given by H = Z—‘; +2 aB? , Where I is the moment of inertia and « is the restoring

torque per unit deflection. The disc is subjected to angular deflections (6) due to
thermal collisions from the surroundings gas at temperature T and pgy is the
momentum conjugate to 6. The average and the root-mean-square angular
deflection, ., and O’ respectively are [GATE- 2020]

(a) Oavg = 0 and B s :(kZT)l/z

(b) Bavg #*0 and les :(kgT)l/Z :
() Oavg # 0 and Gyms :("ZT)M (jJ
(d) Bavg =0 and Qrms Z(kgT)fﬁ/Z I

POSSION BRACKET & CANONICAL TRANSFORMATION

1.

The Poisson bracket between 6 and  is: [GATE- 2010]
jl= N1
{8, 8)-1 () 16,6}~
Nt 18
(©) {6, 6} (d) {8, 8}=
The Poisson bracket [x, xpy + ypx] 1s equal to. [GATE- 2017]
(a) x (b)y (¢) 2px (d) py
Let (p,q) and (P,Q) be two pairs of canonical variables. The transformation Q
=q%cos(fp), P = q%sin (Bp) is canonical for. [GATE- 2011]
(a)a=2,8 = (b) a=2,6=2
(c)a=1, f=1 (d) a=, =2

Given that the linear transformation of a generalized coordinate g and the
corresponding momentum p , Q = g + 4ap, P = g + 2 p 1s canonical, the value of
the constant a is

For the transformation [GATE- 2018]

Q=\/2ge 12 cos p,P= /2ge % L. sinp

(where «a is a constant) to be canonical, the value of a is
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6. Consider a transformation from one set of generalized coordinate and
momentum ( ¢, p ) to another set (Q,P ) denoted by, [GATE- 201]
Q=pq’; P=q
Where s and r are constants. The transformation is canonical if

(@)s=0 and r=1 (b)s=2 and r=-1
(c)s=0and r=-1 (d)s=2 and r=1
7. Let p be the momentum conjugate to the generalized coordinate q. If the
transformation [GATE- 2020]
Q =V2q™cos p
P =v2q™ sin p
Is canonical, then m =
8. Let u* denote the 4-velocity of a relativistic particle whose square utu, = 1. If
guwpo 1S the Levi-Civita tensor then the value of ey ou* u’uPu’; )
[GATE- 2020]
PHASE SPACE TRAJECTORY
2 2
1. The Hamiltonian of particle of mass m is given by H = f—m - % . Which one of

the following figure describes the motion of the particle in phase space?

B S §
ANTIZS

N7 X,
pZ P/

2. The phase space trajectory of an otherwise free particle bouncing between two
hard walls elastically in one dimension is a. [GATE- 2017]
(a) straight line (b) parabola (c) rectangle (d) circle
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A particle moves in one dimension under a potential V(x) =« | X | with some non-
zero total energy. Which one of the following best describes the particle
trajectory in the phase space? [GATE- 2018]

(a) /‘i > (b) /Tp\r
V& s

Ap ‘p

0 < @ g

A ball bouncing of a rigid floor 1s described by the potential energy function

_(mgx for x>0

V(x)_{oo for x<0

Which of the following schematic diagrams best represents the phase space plot
of the ball?

[GATE- 2019]

(a) (b) A
+2mE +~2mE
E E
mg = ! mg >
—2mE —2mE
F 3 F 3
d
(©) IE (d) ++2mE
E _E E
) .f”g .- .’”g me >
—~2mE // \\‘/
" —2mE
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