
Physics 121 – October 26, 2017 

Announcements: 

Answers in back of book for #41 may not be correct. 

We are only covering through section 10.5 this week 

Interesting NRAO seminar on Friday, Nov 3. 

Assignments: 
This week:  

 Read Chapter 10. 

 Complete ETA Problem Set #10 by Monday, Oct 30. 

 End-of-chapter problems: Chap 10 #35, 41, 54, 62, 67, and 

68. Due by 4 pm, Oct 30. 

 Recitation: Practice problems on springs, Chap 9, and on 

free body diagrams. 

 

 

https://science.nrao.edu/facilities/vla/ctw/coll/abstracts-2017-fall/Howes


Topics for today: 
 

• Definitions for rotational motion: angular displacement, 

angular velocity, and angular acceleration. 

• Kinematic equations for rotational motion with constant 

angular acceleration. 

• Moment of inertia. 

• Rotational kinetic energy and conservation of total energy. 

 



Quantities for Describing Rotational Motion 

r = distance from rotational axis 

q = angular displacement 

w = angular velocity = dq/dt 

 = angular acceleration = dw/dt 
 

v = tangential velocity = rw 

a = tangential acceleration = r 





 will always be parallel to w (if w is increasing in magnitude 

with time) or anti-parallel to w (if w is decreasing with time). 



Acceleration in Uniform vs. Non-uniform Circular Motion 



Example 

Let’s examine one of the turbines in the 

Brazos wind farm in west Texas.  It has 

blades that are 40 meters long and the 

turbine is rotating at a constant 20 rpm 

(revolutions per minute).   

 

What is the magnitude (in rad/s) and 

direction of w ? What is the tangential 
velocity at the blade tip? 



For constant angular acceleration, the kinematic equations look 

similar to the translational kinematic equations. 



Example 

For the Brazos wind farm turbine, suppose it 

shuts down from 20 rpm to 0 rpm in a time 

span of one minute, with a constant angular 

acceleration. 

 

What is the magnitude (in rad/s2) and direction 

of  ? What is the tangential acceleration at the 
blade tip? 

 

How many revolutions does the turbine make 

during the minute it takes to come to rest? 



Rotational kinetic energy 

Consider a single mass being swung in a circle on the end 

of a string with length r. 

The kinetic energy is just 
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Now if we have a large number of little 

masses connected together to form a 

hoop, then we add up all of the kinetic 

energies to get the total for the hoop. 
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Note that for all solid rotating bodies, w is the same at all points 



Moment of Inertia for a distribution of discrete masses 

Example:  for case (a), I = mR2 + mR2 = 2mR2 

                 for case (b), I = m(0)2 + m(2R)2 = 4mR2 

The moment of inertia for an object depends on where we 

place the axis of rotation! 



For objects with a continuous distribution of mass, 



FIGURE 10.20 

Values of rotational inertia for 

common shapes of objects 

Note that the book goes through 

the calculations for various 

shapes and rotation axes, and 

presents the “parallel axis” 

theorem.  

This is important material, but 

we will not be doing integral 

calculations or solving 

complicated mass distributions to 

find moments of inertia.  For the 

most part, we can just refer to the 

results shown in this table.  





Now that we’ve defined the moment of inertia, 

And the total energy becomes 
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Example:   

(a) A hoop of mass M and radius R, and a solid disk 

of mass M and radius R, both slide down a 

frictionless ramp of height H, starting from rest.  

What are their velocities when they reach the 

bottom? 

 

(b) Now suppose the hoop and disk both roll down 

the ramp. What are the final velocities? 

 

Note: for rolling motion, it’s easy to show (though 

not until Chap 11!) that the translational velocity is 

given by  v = rω 



ETA Problem 9.4.22 


