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PHYS 1443 – Section 004 
Lecture #18 

Tuesday, Oct. 28, 2014 
Dr. Jaehoon Yu 

•  Torque and Angular Acceleration 
•  Rolling Motion and Rotational Kinetic Energy 
•  Work, Power and Energy in Rotation 
•  Angular Momentum 
•  Angular Momentum Conservation 
•  Similarities Between Linear and Rotational 

Quantities 
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Announcements 
•  Mid-term exam results 

–  Class average: 57.7/105 
•  Equivalent to 55/100 
•  Previous exam: 69.5/100 

–  Top score: 99/105 
•  Grading scheme 

–  Homework: 25% 
–  Midterm and Final non-comprehensive exams: 19% each 
–  One better of non comprehensive exam: 12% 
–  Lab: 15% 
–  Pop quizzes: 10% 
–  Extra credit: 10%  

•  Mid-term grade discussion today 
•  Quiz coming this Thursday, Oct. 30; covers from CH10.2 to today’s 

–  Prepare your own formula sheet 
PHYS 1443-004, Fall 2014                            

Dr. Jaehoon Yu 
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Torque & Angular Acceleration 
Let’s consider a point object with mass m rotating on a horizontal circle. 

What does this mean? 

The tangential force Ft and the radial force Fr 

The tangential force Ft is 

What do you see from the above relationship? 

m 
r 

Ft 

Fr 
What forces do you see in this motion? 

 Ft = mat

The torque due to tangential force Ft is  τ = Ftr
 τ = Iα

The torque acting on a particle is proportional to the angular acceleration. 

What law do you see from this relationship? Analogs to Newton’s 2nd law of motion in rotation. 

How about a rigid object? 

r 

δFt 

δm 

O 

The external tangential force δFt is  δFt =

  
τ = lim

δτ→0
δτ∑ = dτ∫ =

The torque due to tangential force Ft is 
The total torque is 

δτ =

What is the contribution due 
to radial force and why? 

Contribution from radial force is 0, because its 
line of action passes through the pivoting 
point, making the moment arm 0. 

mrα=

 = matr   = mr 2α Iα=

tmaδ = mrδ α

tF rδ =  
r 2δm( )α

  
α lim

δm→0
r 2δm∑ = α r 2 dm∫ = Iα
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Rolling Motion of a Rigid Body 
What is a rolling motion? 

To simplify the discussion, let’s 
make a few assumptions 

Let’s consider a cylinder rolling on a flat surface, without slipping.  

A more generalized case of a motion where the 
rotational axis moves together with an object 

Under what condition does this “Pure Rolling” happen? 

The total linear distance the CM of the cylinder moved is 

Thus the linear 
speed of the CM is 

A rotational motion about a moving axis 
1.  Limit our discussion on very symmetric 

objects, such as cylinders, spheres, etc 
2.  The object rolls on a flat surface 

R θ	

 s 

s=Rθ 

 s =

 
vCM =

Δs
Δt

The condition for a “Pure Rolling motion” 

R
t
θΔ=
Δ ωR=

Rθ
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More Rolling Motion of a Rigid Body 

As we learned in rotational motion, all points in a rigid body 
moves at the same angular speed but at different linear speeds. 

At any given time, the point that comes to P has 0 linear 
speed while the point at P’ has twice the speed of CM 

The magnitude of the linear acceleration of the CM is 

A rolling motion can be interpreted as the sum of Translation and Rotation 

Why?? P 

P’ 

CM 
vCM 

2vCM 

CM is moving at  the same speed at all times. 

P 

P’ 

CM 
vCM 

vCM 

vCM 

+ 
P 

P’ 

CM 

v=Rω 

v=0 

v=Rω 

= 
P 

P’ 

CM 

2vCM 

vCM 

 aCM =
 

dvCM

dt
=

 
R dω

dt
=  Rα
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Kinetic Energy of a Rolling Sphere 

Since vCM=Rω 

Let’s consider a sphere with radius R 
rolling down the hill without slipping. 

=K

R 

h 
θ 

vCM 

ω	



= 1
2
ICM

vCM
R

⎛
⎝⎜

⎞
⎠⎟

2

Since the kinetic energy at the bottom of the hill must 
be equal to the potential energy at the top of the hill 

What is the speed of the 
CM in terms of known 
quantities and how do you 
find this out? 

K

= 1
2

ICM
R2

+M⎛
⎝⎜

⎞
⎠⎟ vCM

2

= 1
2

ICM
R2

+M⎛
⎝⎜

⎞
⎠⎟ vCM

2 = Mgh

vCM = 2gh
1+ ICM /MR

2

21
2 CMI ω 2 21

2
MR ω+

21
2 CMMv+
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Ex: Rolling Kinetic Energy 
For a solid sphere as shown in the figure, calculate the linear speed of the CM at the 
bottom of the hill and the magnitude of linear acceleration of the CM.  Solve this problem 
using Newton’s second law, the dynamic method. 

Gravitational Force, 

Since the forces Mg and n go through the CM, their moment arm is 0 
and do not contribute to torque, while the static friction f causes torque 

M 
h 

θ 

We know that   

What are the forces involved in this motion? 

Mg 

f 

Newton’s second law applied to the CM gives 
Frictional Force, Normal Force 

n 

We 
obtain  

 Substituting f in 
dynamic equations 

  Fx∑ = Mg sinθ − f = MaCM

  
Fy∑ = n− Mg cosθ = 0

 τCM = fR = ICMα

  
f =

ICMα
R

=

2
5

MR2

R
aCM

R
⎛
⎝⎜

⎞
⎠⎟
= 2

5
MaCM

  
ICM = 2

5
MR2

 aCM = Rα   
Mg sinθ = 7

5
MaCM ⇒ aCM = 5

7
g sinθ


