
Rotational Mechanics
“ We dance round in a ring and suppose, but the secret sits in the middle and knows.” — Robert Frost



Why do you hold your arms 
out when trying to hold your 
balance (on a balance beam, 
tightrope, slack line, curb 
etc.)?



Why do figure skaters pull 
their arms and legs in when 
performing quick spins?





Angular Quantities
• Angular quantities are 

analogous to corresponding 
quantities in linear motion

• Instead of asking how far 
and how fast an object 
travels, we can ask how 
much and how quickly it 
rotates
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Angular Quantities
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Quantity Linear Angular Relationship

position l in meters θ in radians θ = l/r

velocity v in m/s ω in rad/s ω = v/r
= ∆θ/∆t

acceleration a in m/s2 α in rad/s2 α = a/r
= ∆ω/∆t

Note: 2π rad = 360º



Example 1
• A particular bird’s eye can just 

distinguish objects that 
subtend an angle no smaller 
than about 3×10

a) How many degrees is 
this?

b) How small an object can 
the bird just distinguish 
when flying at a height of 
100 m?

• Ans. a) θ = 0.017º

• b) l = 3 cm



Sanity Check
• A rotating carousel has one 

child sitting on a horse near 
the outer edge and another 
child on a lion halfway out 
from the center.

a) Which child has greater 
linear speed?

b) Which child has greater 
angular speed?

• Ans. a) the child on the horse

• b) both are the same







Example 3
• The platter of the hard disk of a 

computer rotates at 5400 rpm.

a) What is the angular velocity of 
the disk?

b) If the reading head is of the drive 
is located 3.0 cm from the axis of 
rotation, what is the speed of the 
of the disk below it?

c) What is the linear acceleration of 
this point?

d) If a single bit requires 5 µm of 
length along the motion direction, 
how many bits per second can the 
writing head write when it is 3.0 
cm from the axis?









Rolling Motion

• A bicycle slows down uniformly from 
a distance of 115 m. Each wheel and tire has an overall 
diameter of 68.0 cm. Determine

a) the angular velocity of the wheels at the initial instant

b) the total number of revolutions each wheel rotates in coming 
to rest

c) the angular acceleration of the wheel

d) the time it took to come to a stop

































Moment of 
Inertia

• Don’t memorize

• Do

• roughly how they rank 
from greatest to least

• what that implies about 
their behavior











Conservation of Angular 
Momentum

• The total angular momentum of a rotating body 
remains constant if the net torque acting on it is 
zero





• Why do you hold your 
arms out when trying to 
hold your balance (on a 
balance beam, tightrope, 
slack line, curb etc.)?

• Holding your arms out 
increases your rotational 
inertial, making it harder 
for you to tip over.




