PraVegaEl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics
H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016
Contact: +91-89207-59559, 8076563184
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com

Chapter 7
Rotational Dynamics

4. Newton’s Law of Motion for Rigid Body

A rigid body having mass M and moment of inertia about center of massis 7,

External Force F is acting on center of mass and 4, is linear acceleration of center of mass.

—

From Newton’s law of motion, F' = Ma,,

Torque about center of mass is 7 =1 ,,& where & is angular acceleration about center of mass
. . _ a.,
For rolling without slipping, a = —<*

Direction of frictional force in case of rotational dynamics
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Assume a sphere of mass M and radius R are rolling on a rough surface, where « is acceleration

of center of mass and « is angular acceleration. o
Case 1: If acceleration of center of mass a is more than Ra , then friction will —4
opposite to direction of acceleration of center of mass F @ a
A
w

Case 2: If acceleration of center of mass a is less than Ra , then friction will same

—_—"
to direction of acceleration of center of mass /@a
S

. . - . . . a<ra
Case 3: In case of rolling without slipping point of contact A will remain at rest,

w
0
then the direction of frictional force depends on applied torque and possible
acm
relative velocity between surface and sphere.
4
F

For example if applied force Fis at topmost point of sphere then due to

torque lowest point will move clock wise direction then frictional force is in g
same direction of F .

In another example, if sphere is rolling up on inclined plane and by force F

and sphere is rolling upward so point of contact A is tend to move clockwise £

direction to keep this point rest frictional force will in upward direction. 7

Example: A uniform drum of radius R and mass M rolls without slipping down a plane inclined

at angle 4. Find its acceleration along the plane. The moment of inertia of the drum about its

MR?

axisis [, =

Solution: The forces acting on the drum are shown in the diagram. f is the force of friction. The
translation of the center of mass along the plane is given by

Wsinf— f =Ma N
and the rotation about the center of mass by torque equation Rf = [ o . S )a

For rolling without slipping, we also have

’ a
a=Ra. Ww@
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If we eliminate /', we obtain Wsin@—]o%zMa

2
Using [, =——, and « =£, we obtain
2 R

. M 2 .
Mgsm@—TazMa or azggsmé’.

Example: A sphere of mass M and radius R rolling down the wedge with angle 8. Find the

minimum value of coefficient of static friction to support pure rolling.

Solution: Force equation Mgsinf — f = Ma (i)
The torque equationis givenby 7 =1, a
a 2 2 : 9 f
R=1,a where o= n 1, = EMR mg sm
2 5 n8
f:gMa:MaZEf ....(ii)

: 5 2 .
Mg51n0—f=5f:>f=7Mgsm9

. 2 . 2
For limiting case u N> f = yS.Mgcost9=7Mg51n9:> ya 27tan0

Example: A wheel of radius R and weight ¥ is to be raised over an
obstacle of height # by a horizontal force F applied to the centre as

shown in figure. Find the minimum value of F

Solution: Taking torque about p, the corner of the obstacle,

FxCD=WxBD

By (op)° ~(0B)’
B CE - DE

f { 2
Fe W—= 2Rh—h
R—h

F=w
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Example: A force F acts tangentially at the highest point of a sphere of mass M and radius R
kept on a rough horizontal plane. If the sphere rolls without slipping, find @’F
the acceleration of center of sphere.

Solution: 1 is frictional force on the lowest point P

The force equation is equivalent to F + f = Ma (i)

The torque equation is equivalentto FR— fR=1_,«

F
For case of rolling without slipping « =% and /., = %MR2 @
A

2
So torque equation can be reduce to F — f nga (i)
. L .. . 7 10F
So solving equation (i) and (ii) we will get 2F = gMa =a= eV

Example: A thin mass less rod of length 2/ has equal point masses m attached )

at its ends (see figure). The rod is rotating about an axis passing through its ,,—-C—E\

centre and making angle @ with it.

(a) Find the angular momentum of system

(b)Find the magnitude of the rate of change of its angular momentum i.e., %‘
Solution: /. =3>m, (yl2 +Zi2) =2ml*
I, =Zmi(xi2 +zi2)=0, I, =Zmi(yi2 +z,-2)=2m12.
2ml* 0 0 wcosd
All component of product of inertiais zero, /=| 0 0 0 w=| wsind
0 0 2ml’ 0

2mi* 0 0 |(wsin®

L=Io=| 0 0 0 wcosf :>(2m12a)sin9,0,0)
0 0 2ml* 0

dL

=@ x L =2ml*w* sin 0 cos O = ml*w* sin 20
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Example: The linear mass density of a rod of length L varies from one end to the other as

2
Ay (1+%j , Wwhere x is the distance from one end with tensions 7} and 7, in them (see figure),

and /4, is a constant. The rod is suspended from a ceiling by two massless strings.
(a) Find mass of Rod
(b) Find center of mass of Rod

(c) Find tension 7} and 7,

r

L 2
47 L
Solution: (a) The mass of rod is m :fﬂo (1+ o jdx :i
0

(b) The centre of gravity of the rod is located at x,, =

4,Lg

(c) Force equation 7, +7, = 3

System is in equilibrium about center of mass so

From torque equation 7} X?_é =T, X[L 9—Lj T oL ” -

- X =T x =T = x =

16 16 16 7
42,L,

By putting value of 7, =%T1 in equation, we get 7} +7, =%

4L L I I
ETFM:TFM‘)—g and Tzznglzgxmo g _94Lg
7 3 12 7 7712 12
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