
Lecture 20
(Torque)

Physics 160-02 Spring 2017

Douglas Fields



Moments of Inertia



• Rotational

– For const α:

– Kinetic energy:

Review

• Linear

– For const a:

– Kinetic energy:
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CPS Question 26-1
• Two objects of equal mass and diameter roll without slipping 

down an incline, one is a hollow cylinder, the other a solid 
cylinder.  Which one wins the race to the bottom of the 
incline?

A) The solid cylinder.

B) The hollow cylinder.

C) It’s a tie.

D) Not enough information to solve.



Problem 9.85



Problem 9.89



Review

• Linear

– For const a:

– Kinetic energy:

– Comes from:
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???

• Rotational

– For const α:

– Kinetic energy:

– Comes from:



How Do You Get Rotational KE?

• You know it can’t just be a force:

• Getting the wheel to rotate depends upon 
where you apply the force!!

Force



Torque

• The concept of torque takes into account both the 
magnitude of a force applied, and where it is applied.

• Torque is maximum when the perpendicular distance 
to the rotation axis is maximum.
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CPS Question 25-2
• Three forces of equal magnitude act on a sphere. Which 

force supplies the largest torque on the object?

A) A

B)  B

C)  C

D) Not enough information to solve.

B

A

C



• Rotational

– For const α:

– Kinetic energy:

– Comes from:

Then…

• Linear

– For const a:

– Kinetic energy:

– Comes from:
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• Rotational

– For const α:

– Kinetic energy:

– Comes from:

– Newton’s 2nd Law

What Causes Acceleration?
• Linear

– For const a:

– Kinetic energy:

– Comes from:

– Newton’s 2nd Law

21

2
f i i

f i

x x v t at

v v at

  

 

F ma

W F ds 

21

2
f i i

f i

t t

t

   

  

  

 

21

2
KE I

zW d  

I 

21

2
KE Mv



No New Physics!

• Start with F=ma…

• But,

• And multiply both 
sides by r1:

1tan 1 1tanF m a

1tan 1 za r

2

1tan 1 1 1 zF r m r 



Example



Problem 10.16



Rolling Without Slipping
• An important case of a combination of translational and 

rotational motion:

• So, must have: 

• If vcm changes with time, then also must have: 
cmv R

cma R



Problem 10.22
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Problem 10.83



CPS Question 26-1
• What is the magnitude of the tension T1 relative to the 

tension T2 in the drawing below?

A)T1 is larger than T2.

B) T1 is the same as T2.

C) T1 is smaller than T2.

D) Not enough information to solve.



Problem 10.57
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Problem 10.68



Problem 10.69



Problem 10.70


