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Kinetic Energy of Rotation. Moment of Inertia

Moment of Inertia
A measure of the resistance that a body offers to changes in its rotational motion.

Moment of Inertia of a solid body
• Mass continuously distributed throughout its volume.
• Subdivide body into small volume elements
• Add the moment of inertia contributed by all these amounts of mass• Add the moment of inertia contributed by all these amounts of mass
• I = M ⋅ (average value of R2)
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Some Moments of Inertia

Body                                                                                   Moment of Inertia

The hoop about symmetry axis MR2

Thin hoop about diameter 1/2MR2

Disk or cylinder about 
symmetry axis

1/2MR2

Thin rod about perpendicular 1/12MR2

axis through center

Sphere about diameter 2/5MR2Sphere about diameter 2/5MR
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According to spectroscopic measurements, the moment of inertia of an oxygen 
molecule about an axis through the center of mass and perpendicular to the line joining 
the atoms is 1.95x10-46kg·m2. The mass of an oxygen atom is 2.66x10-26g. What is the 
distance between atoms?
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An automobile of mass 1400kg has wheels 0.75m in diameter weighing 27kg each. 
Taking into account the rotational kinetic energy of the wheels about their axes, what is 
the total kinetic energy of the automobile traveling at 80km/h? What percent of kinetic 
energy belongs to the rotational motion of the wheels about their axes? Pretend that 
each wheel has a mass distribution equivalent to that of a uniform disk.
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Work, Energy and Power of Rotational Motion. Torque

Line of action

The perpendicular distance 

Line of action

between the line of action 
of the force and the axis of 
rotation is called the lever 
arm (moment arm) of the 
force.
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A door is 0.8m wide. What is the torque you exert about the axis passing through the 
hinges if you push against the door with a perpendicular force of 200 N at its middle? 
What if you push at the edge?

Torque depends on:
1. Magnitude of the force
2. Point where the force is applied relative

t i f t tito axis of rotation
3.   Direction of the force
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Energy and Power in Rotational Motion in comparison with Translational 
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Conservation of Energy in Rotational Motion
A meter stick is initially standing vertically on the floor. If it falls over, with what angular 
velocity will it hit the floor? Assume that the end in contact with the floor doesn’t slip.
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Power in Rotational Motion
A cyclist is turning the pedals of the bicycle at the rate of 1 rev/second. With each foot 
she exerts an average force of 80 N in the tangential direction on each pedal of radius 
0.16m. What is the mechanical power she delivers to the pedals?

10



The Equation of Rotational Motion. Newton’s Second Law

Moment arm of the force:  The perpendicular distance between 
th li f ti f th f d i f t ti

Most effective push in 
producing rotation

the line of action of the force and axis of rotation

Power delivered by a torque acting on a body
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Newton’s 2nd Law for 
rotational motion about a 
fixed axis.

Moment of inertia

Net torqueNet torque
Moment of inertia

Only external 
torque is applied 
b t t idby agents outside 
the body

The torques produced by internal forces needThe torques produced by internal forces need 
not be considered.
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A block of mass m hangs from a string wrapped around a frictionless pulley of mass M 
and radius R. If the block descends from rest under the influence of gravity, what is the 
angular acceleration of the pulley?

13



Conservation of Angular Momentum
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Problem 60 Angular Momentum
A platform is rotating at an angular speed of 2.2 rad/s. A block is resting on this platform 
at a distance of 0.30 m from the axis. The coefficient of static friction between the block 
and the platform is 0.75. Without any external torque acting on the system, the block is 
moved toward the axis. Ignore the moment of inertia of the platform and determine the 
smallest distance from the axis at which the block can be relocated and still remain in 
place as the platform rotates.
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Conservation of Linear Momentum

A woman stands in the middle of 
a small rowboat. The rowboat is 
floating freely (no friction against 
water). The woman is initially 
f ffacing east. If she turns around 
180°, so that she faces west, 
through what angle will the 
rowboat turn?

I2 = Iboat = 20 kg·m2;
I1 = Iwoman = 0.8 kg·m2
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YesYes

No
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Analogies between

Translational and Rotational

Quantities
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Statics
A body that remains at rest, even though several forces act on it, is said to be in 
equilibriumq

The branch of physics that studies the conditions for the equilibrium of a body is 
called statics

Statics of rigid bodies
Condition for static equilibrium:  The sum of external forces and the sum of external 
torques on the body must be zero

Example:
A bowling ball at rest in our hand
a) ΣF = 0
b) Σtorque = 0

The external torque about any axis (we have a complete freedom in the choice of 
the axis of rotation), such as an axis passing through the point P and perpendicular 
to the black ball also add to zero.
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An important role of the force of gravity in statics
For the calculation of the torque exerted by gravity on a rigid body the entire gravitational 
force may be regarded as acting on the center of massforce may be regarded as acting on the center of mass.

α = 0 => Free fall:α  0 >
Gravity does not generate 
any torque about the center 
of mass.

Free fall:
The force of gravity is 
distributed over all parts of 
the body.

To simulate gravity by a single force acting on one point of the rigid body – the point 
is the center of mass.

The force of gravity effectively acts on the center of mass

A rigid body supported at the center of mass is in equilibrium.

Example:
A seesaw in equilibriumA seesaw in equilibrium
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Because of overloading the center of 
gravity has shifted behind the main 
landing gear. The torque due to W is now 
counterclockwise and is not balanced by 
any clockwise torqueany clockwise torque.

Due to the unbalanced counterclockwiseDue to the unbalanced counterclockwise 
torque, the plane rotates until its tail hits 
the ground.
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Center of gravity of a rigid body is the point 
at which its weight can be considered to act 
when calculating the torque due to thewhen calculating the torque due to the 
weight.

When an object has a symmetrical shape 
d it i ht i di t ib t d if l thand its weight is distributed uniformly, the 

center of gravity lies at its geometrical 
center.
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A simple method for the experimental determination of the center of mass of a 
body of a complicated shape

A rigid body supported by an upward force acting 
at a point on the vertical line through its center of 
mass is in equilibrium

The center of mass is at the intersection of the 
new and old prolongations of the string.

Stable, unstable and neutral equilibrium

A body suspended from a point above its center of mass is in stable equilibriumA body suspended from a point above its center of mass is in stable equilibrium

2) The force of gravity and supporting 
force produce a torque that tends to return 
the body to the equilibrium position.
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If the body is supported by a force applied at a point below the center of mass it is in 
unstable equilibrium

A chair supported at a point directly below 
the center of mass. If we turn the chair 
slightly the chair tends to topple over.

A body supported at its center of mass is in neutral equlibrium

If we turn such a body, it remains in equilibrium in its new position and exhibits no 
tendency to return to its original position or to turn farther away.
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Examples of Static Equilibrium

A locomotive of 90,000 kg is one third of the way across a bridge 90 m long. The bridge , g y g g g
consists of a uniform iron girder of 900,000 kg, which rests at two pieces. What is the 
load on each piece?

Method:
1. Select the body which is to obey the equilibrium 

condition
2 List all the external forces that act on this body2. List all the external forces that act on this body 

and display them on a free body diagram
3. Choose coordinate axes and resolve the forces 

into x and y components. (+ or – with respect to 
positive direction that you have chosen)positive direction that you have chosen)

4. Apply equilibrium condition: ΣFx = 0
ΣFy = 0

5. Make a choice of axis rotation. Choose positive 
direction of rotation Apply the static equilibriumdirection of rotation. Apply the static equilibrium 
condition

6. Solve the equations in steps 4 and 5 for the 
desired unknown quantities.
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Problem 13:  What is the minimum value for the coefficient of static friction between the 
ladder and the ground? (ladder does not slip)

WL = 355 N
WF = 875 N

Gx = fs
max = μsGyx s μs y

μs = Gx/Gy

1) Select the body
2) Free-body diagram
3) Coordinate axes
4) Apply equilibrium ) pp y q

conditions
ΣFx = 0
ΣFy = 0

5) Choice of axis of rotation)
Apply static equilibrium 
condition
Σtorque = 0
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Problem 27 (static equilibrium):  The drawing shows an A-shaped ladder. Both sides of 
the ladder are equal in length. This ladder standing on a frictionless horizontal surface, 
and only the crossbar (which has a negligible mass) of the “A” keeps the ladder from 

ll i Th l dd i if d h f 20 0 k D t i th t i i thcollapsing. The ladder is uniform and has a mass of 20.0 kg. Determine the tension in the 
crossbar of the ladder.
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Problem 72 (Newton’s 2nd Law for Rot. Motion About a Fixed Axis): By means of a rope 
whose mass is negligible, two blocks are suspended over a pulley, as the drawing shows. 
The pulley can be treated as a uniform solid cylindrical disk. The downward acceleration 

f fof the 44.0 kg block is observed to be exactly one-half the acceleration due to gravity. 
Noting that the tension in the rope is not the same on each side of the pulley, find the 
mass of the pulley.

29


