Tutorial 3: Mechanics of Rigid Bodies:

System of particles; Centre of mass, angular momentum, equations of motion
Conservation theorems for energy, momentum and angular momentum;

Elastic and inelastic collisions; Rigid body; Degrees of freedom, Euler’s theorem,
angular velocity, angular momentum, moments of inertia, theorems of parallel
and perpendicular axes, equation of motion for rotation;

Molecular rotations (as rigid bodies); Di and tri-atomic molecules;

e Precessional motion; top, gyroscope.

Q1.

Shﬂ:ﬁ’ that the kinetic energy and an
motion of a rigid body is constant,

LUXD=2U

gular momentum of the torque free
10

2013

Q2.
If I’ and I be the Moments of Inertia of a body about an axis passing

through an arbitrary origin and about a parallel axis through the centre

. I ] ! - _} - - "
of mass respectively, show that I = MR + I, where R is the position

vector of the centre of mass with respect to the arbitrary origin and M is

the mass of thé body. | ' 10

2014

Q3. _
Consider a rigid body rotating about an axis passing through afixed

point in the body with an angular velocity ® . Determine the kinetic
energy of such a rotating body in a coordinate system of principal axis, If
the Earth suddenly stops rotating, what will happen to the rotational

kinetic energy ? Comment in detail. o 25

2014

Q4.
A body turns about a fixed point. Show that the angle between its

angular velocity vector and its angular momentum vector about a fixed

point is always acute. 15
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Q5: .
Show that the moment of inertia of a circular disc of mass M and radius
R about an axis passing through its centre and perpendicular to its

plane is % MR2,

15
2015
Q6:
(i) FE AR-saarge (CO) | % vy # Fre qu stiafen & THE % Fal 6 o A gl
1-130 x 10710 m | el T % wre 17 F Hefa-hx F oRewer HK|
The distance between the centres of the carbon and oxygen atoms in the
carbon monoxide (CO) gas molecule is 1:130 x 107'° m. Locate the centre
of mass of the molecule relative to the carbon atom.
(i) = a % Gl AgEERR wWie 1 HEfd-F5 9w
Find the centre of mass of a homogeneous semicircular plate of radius a. 10
2016

Q7:
Four solid spheres A, B, C and D, each of mass m and radius a, are placed with
their centres on the four corners of a square of side b as shown in the figure

below :
A b
@ o

G———9
D c
Calculate the moment of inertia of the system about one side of the square.

Also calculate the moment of inertia of the system about a diagonal of the
square. 20

2016

Q8:

Express angular momentum in terms of kinetic, potential and total energy of a

satellite of mass m in a circular orbit of radius r. 10
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Q9:
A rod of length L has non-uniform linear mass density (mass per unit

length)l.whichvnriesul-lo(%);where).oiaacomhntmdSis
the distance from the end marked ‘O’ (as shown in the figure). Find the

centre of mass of the rod. 15
T
A
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2018
Q10:
() 3g fouoms o & faftm wwfafe sl w gemm/asfa-ss & ang
STgedl TV HA HIT |

Find the moments of inertia of rigid diatomic molecule about
different axes of symmetry through the centre of mass.

(i) UH WeH UH A ¥ 1837 T WA R | TEESH THI] H
ZEATH/EEfd-h5 Td I |

A proton is 1837 times heavier than an electron. Find the centre of
mass of hydrogen atom. 15

2019

Q11:
Write down Euler’s dynamical equations of motion (no derivation) of a
rigid body about a fixed point under the action of a torque. Show that
the kinetic energy of the torque-free motion is constant. 10

2019
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Q12:
Where do you find the applications of gyroscope ?

A top of mass 0-200 kg is made up of a thin disc of radius 0:12 m. It is
pierced in the centre and a pin of negligible mass is mounted normal to
its plane. The pivot under the disc is 0:03 m long. The top is made to
spin with its axis making an angle 6 = 20° with the vertical and a
precessional angular speed of 2 rad/s. Calculate the angular speed with

which it spins. 15
2019

Q13: ‘ g e e e

Determine the location of the centre of mass of a uniform solid

hemisphere of radius R and mass M from the centre of its base. 10
2020

Q14:

Obtain expressions for the moment of inertia of a solid cone about its
(i) vertical axis and (ii) axis passing through the vertex and parallel to
its base. 20

2020

Q15: )
A body of mass m at rest splits into two masses m; and m, by an
explosion. After the split the bodies move with a total kinetic energy T in

opposite direction. Show that their relative speed is ./2Tm/ m,m, . 15

2021
Q1lé:
(i) Define moment of inertia and radius of gyration of a body of mass

M rotating about an axis. State and prove Parallel Axis theorem on

moment of inertia.

(ii) A sphere of mass 0-5 kg rolls on a smooth surface without slipping
with a constant velocity of 3-0 m/s. Calculate its total kinetic
energy. 15+5

2021
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Q17:

A homogeneous right triangular pyramid with the base side a and height % is
shown below. Obtain the moment of inertia tensor of the pyramid :

A

Q18:

A particle P of mass m; collides with another particle Q of mass m, at rest. The
particles P and Q travel at angles 8 and ¢, respectively, with respect to the

20

2022

initial direction of P. Derive the expression for the maximum value of 6. 15
2022
Q19:

(1) The quantities of rotatory motion are analogous to those of
translatory motion. Write the corresponding equations of
translatory and rotatory motion. 5

(ii)  Describe the theorems of perpendicular and parallel axes in case
of a plane lamina. 10

2023
Q20:

(i) Prove that the separation of two colliding particles is same, when
observed in centre of mass and laboratory systems. 10

(ii))  Determine the kinetic energy of a thin disc of mass 0-5 kg and
radius 0-2 m rotating with 100 rotations per second around the
axis passing through its centre and perpendicular to its plane. 5

2023
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Q21.
Show that the angular momentum of a rigid body consisting of n particles of
masses m;, i=1, 2, 3, -+, n, rotating with an instantaneous angular velocity ®
about an axis passing through the origin O of the coordinate system OXYZ is
given by L =I-®, where I is known as the inertia tensor. 2024 20

Q22.

Consider a large stationary cylinder of inner radius R. A smaller solid
cylinder of radius r rolls without slipping inside the larger cylinder.
Determine the equation of motion of the smaller cylinder. 10

2025

Q23.
A body moves about a point ‘O’ under no force, the principal moments of
inertia at ‘O’ being 3A, 5A and 6A. The components of the initial angular
velocity about the principal axes are ®; = n, vy = 0 and ©g = n. Find the
components o, 9 and o4 for large values of time t. 20

2025

Q24.

A cube of mass M and side ‘a’ is rotating with angular velocity ® around
one of its edges, which is, say, along the x-axis. Obtain the expressions

(e ) + x

for its angular momentum and kinetic energy. 20
(Given that the Iy = g Ma?2, Iyx=- % Ma? and L =- % Ma?)
2025
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