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Torque 
•  Calculate torque given the lever arm 

(perpendicular distance) and the force. 

•  Calculate torque in newton meters and 

in pound feet. 

•  Interpret positive and negative signs in 

the context of torque. 

Objectives 

Assessment 
1.  A 200 N force is applied to a wrench at a distance of 

0.25 meters.  What is the torque? 

2.  A car engine produces a torque of 280 N m.  If the tires 

of the car have a diameter of 64 cm, what force is 
acting to move the car? 

Assessment 
3.  Two forces act on a uniform horizontal rod that is free to pivot 

about an axis through point P at its center.   

a)   What is the sign of the torque about point P applied by force F? 
 

b)  What is the sign of the torque applied by force 2F? 
 
c)   What is the sign of the net torque? 
 

Physics terms 

•  torque 

•  lever arm or moment arm 

•  newton-meter (N m) 

•  foot-pound (ft-lb) 

•  line of action 

Equations 

Torque τ   equals the force F 

multiplied by the lever arm r. 
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This box is initially at rest. 

Two forces act on the box. 

Will it move? 

What is the net force on the box? 

 

 

What is the net force on the box? 

 

 

Will the box move? 

 

 

This box is initially at rest. 

Two forces act on the box. 

Will it move? 

Zero.   F
net

 = +100 N -100 N = 0 N  

What is the net force on the box? 

 

 

Will the box move? 

 

 

Will it move? 

This box is initially at rest. 

Two forces act on the box. 

Zero.   F
net

 = +100 N -100 N = 0 N  

Yes!  The box will rotate 
counterclockwise. 

 

What is the net force on the box? 

 

 

Will the box move? 

 

 

Yes!  The box will rotate 
counterclockwise. 

 

This box is initially at rest. 

Two forces act on the box. 

The concept of torque 

Zero.   F
net

 = +100 N -100 N = 0 N  

Torque is the rotational analog 
of force.  

If “push” and “pull” describe 
force, then “twist” describes 

torque. 

The concept of torque 

Torque is the rotational analog 
of force.  

If “push” and “pull” describe 
force, then “twist” describes 

torque. 

The same force can produce 
different torques depending 

on where it is applied. 

The concept of torque 
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A 50 N force is applied to a door at three different places. 

Which is more effective at opening the door? 

Overhead view 

Consider opening a door . . . 

Force A is most effective. 

Why?  The forces have the same strength. 

Consider opening a door . . . 

Overhead view 

The line of action is an 
imaginary line in the 

direction of the force that 
passes through the point 

of application. 

The line of action 

The torque created by a force depends on the 
perpendicular distance between the center of rotation 

(in this case, the hinge) and the force’s line of action. 

The line of action 

The line of action is an 
imaginary line in the 

direction of the force that 
passes through the point 

of application. 

Torque τ  is the force F 

multiplied by the 

perpendicular distance r. 

This distance r is called the 

lever arm. 

Calculating the torque 

Torque τ  is the force F 

multiplied by the 

perpendicular distance r. 

This distance r is called the 

lever arm. 

Calculating the torque 

The torque is a maximum 

when r is greatest. 



6/2/14 

4 

  50 N 

Calculating the torque 

0.50 m What is the torque on the 
door in this example? 

0.50 m 

  50 N 

Calculating the torque 

What is the torque on the 
door in this example? 

The units of torque are force 
multiplied by distance. 

SI units:  Newton-meter, or N m 

English units:  pound-foot 

 

 

  50 N 

The units of torque 

0.50 m 
Click this 
interactive 

calculator on 
page 238 

Exploring the ideas 

Engaging with the concepts  

A force of 60 N produces 
480 N m of torque.   

What is the lever arm r? 

480  60  

Distance  

Engaging with the concepts  

A force of 60 N produces 
480 N m of torque.   

What is the lever arm r? 

            8 m 

480  60  

Distance  

8  
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What if the force acts right 
at the center of rotation? 

Set the lever arm r to 0 m 

and the force to 50 N. 

What is the torque? 

Engaging with the concepts  

  

50  

Torque  

0  

A force acting at the 
center of rotation creates 

NO torque, no matter how 
strong it is! 

Engaging with the concepts  

What is the torque?  0 N m! 

 

50  

Torque  

0  

What if the force acts right 
at the center of rotation? 

Set the lever arm r to 0 m 

and the force to 50 N. 

0  

What happens if the 
direction of the force is 

reversed? 

A force of -40 N acts a 

distance of 5 m from the 

center of rotation. 

What is the torque? 

Engaging with the concepts  

-40  

Torque  

5  

What happens if the 
direction of the force is 

reversed? 

A force of -40 N acts a 

distance of 5 m from the 

center of rotation. 

What is the torque?   

        -200 N m 

Engaging with the concepts  

-40  

Torque  

5   -200 

The sign of torque can be 
positive or negative. 

 

A common convention:  

•  positive torques cause 

counterclockwise rotation 

•  negative torques cause 

clockwise rotation 

 

The sign of torque 

This disk is free to spin about an 
axis through its center at point P.   

What is the sign of the torque 

produced by force F? 

  

      

Test your knowledge 
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This disk is free to spin about an 
axis through its center at point P.   

What is the sign of the torque 

produced by force F? 

    negative (clockwise) 

by force 2F? 

                  

 

 

  

Test your knowledge 

This disk is free to spin about an 
axis through its center at point P.   

What is the sign of the torque 

produced by force F? 

    negative (clockwise) 

by force 2F? 

    negative (clockwise)! 

 

 

 

Test your knowledge 

The same force can 
create very different 

torques depending on 
where you place the 

center of rotation. 

What are the torques 

for each of these 10 N 

forces? 

 

 

The center of rotation 

The same force can 
create very different 

torques depending on 
where you place the 

center of rotation. 

What are the torques 

for each of these 10 N 

forces? 

 

 

The center of rotation 

The net torque is the vector 
sum of all torques acting 

around a common center. 

Think about the direction of 

rotation for each torque in 

this diagram. 

What is the net torque?     

The net torque The net torque 

The net torque is the vector 
sum of all torques acting 

around a common center. 

Think about the direction of 

rotation for each torque in 

this diagram. 

What is the net torque?    

Will the beam start rotating? 
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The net torque is zero, so 

the beam will stay at rest! 

The net torque is the vector 
sum of all torques acting 

around a common center. 

Think about the direction of 

rotation for each torque in 

this diagram. 

What is the net torque?   

Will the beam start rotating? 

The net torque 

The net torque determines the 
rotational acceleration.   

For an object initially at rest . . . 

•  if τnet = 0 zero, the object will 

remain at rest. 

•  if τnet ≠ 0, the object will start 

rotating faster and faster. 

 

 

   

The net torque 

Assessment 
1.  A 200 N force is applied to a wrench at a distance of  

0.25 meters, as shown.  What is the torque? 

          0.25 m 

Assessment 
1.  A 200 N force is applied to a wrench at a distance of  

0.25 meters, as shown.  What is the torque? 

      50 N m 

 

2.  A car engine produces a torque of 280 N m.  If the tires 
of the car have a diameter of 64 cm, what force is 

acting to move the car? 

     

Assessment 
1.  A 200 N force is applied to a wrench at a distance of     

0.25 meters, as shown.  What is the torque? 

      50 N m 

 

2.  A car engine produces a torque of 280 N m.  If the tires 
of the car have a diameter of 64 cm, what force is 

acting to move the car? 

                                                                       

Assessment 
3.   Two forces act on a uniform horizontal rod that is free to pivot 

about an axis through point P at its center.   

a)   What is the sign of the torque about point P applied by force F?  
 

b)  What is the sign of the torque applied by force 2F?  
 
c)   What is the sign of the net torque?   



6/2/14 

8 

Assessment 
3.  Two forces act on a uniform horizontal rod that is free to pivot 

about an axis through point P at its center.   

a)   What is the sign of the torque about point P applied by force F? - (cw) 
 

b)  What is the sign of the torque applied by force 2F? + (ccw) 
 
c)   What is the sign of the net torque?  + (ccw) 


