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Rotation Of A Rigid Ob ject 
About A Fixed Axis

Chapter 10
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Torque
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Torque,𝜏, is the tendency of a force to rotate an object about some axis.
Torque is a vector, but we will deal with its magnitude here:

𝜏 = 𝑟 𝐹⃗ 𝑠𝑖𝑛𝜑

𝐹 Is the force
 is the angle the force makes with the horizontal 
𝑟 is the distance between the rotation axis and the point of application of 𝐹⃗.
There is no unique value of the torque on an object.

Its value depends on the choice of a rotational axis.
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Torque

Torque, cont
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The moment arm, d, is the 

perpendicular distance from the axis of 

rotation to a line drawn along the 

direction of the force.

𝑑 = 𝑟𝑠𝑖𝑛𝜑

The horizontal component of the force 

(𝐹𝑐𝑜𝑠𝜑) has no tendency to produce a 

rotation.
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Net Torque
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Torque will have direction.

If the turning tendency of the force is 
counterclockwise, the torque will be 
positive.

If the turning tendency is clockwise, 
the torque will be negative.

force 𝐹⃗ଵ will tend to cause a 
counterclockwise rotation about O.

The force 𝐹⃗ଶ will tend to cause a clockwise 
rotation about O.

෍𝜏 = 𝜏ଵ + 𝜏ଶ = 𝐹ଵ𝑑ଵ − 𝐹ଶ𝑑ଶ

Torque vs. Force
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Forces can cause a change in translational motion.

 Described by Newton’s Second Law

Forces can cause a change in rotational motion.

 The effectiveness of this change depends on the force and the moment arm.

 The change in rotational motion depends on the torque.

5

6



7-Oct-25

4

Torque Units
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The SI units of torque are 𝑁.𝑚.

 Although torque is a force multiplied by a distance, it is very different from 

work and energy.

 The units for torque are reported in 𝑁.𝑚 and not changed to Joules.
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What is the net torque acting on the cylinder about the rotation axis (which 
is the z axis)?

○

Suppose 𝑇ଵ = 5 𝑁, 𝑅ଵ = 1 𝑚, 𝑇ଶ = 15 𝑁 and 𝑅ଶ = 0.5 𝑚. What is the net 
torque about the rotation axis, and which way does the cylinder rotate 
starting from rest?

○
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A force of 𝐹⃗ = 2𝚤̂ + 3𝚥̂ (N) is applied to an object that is pivoted about a  fixed axis aligned along the 𝑧
coordinate axis. The force is applied at a  point located at 𝑟 = 4𝚤̂ + 5𝚥̂ (m). Find the torque applied to 
the object.
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Three forces, each of magnitude 2 𝑁, act on a particle, as shown. The particle is in the 
plane at point 𝐴 given by position vector 𝑟 , where 𝑟 = 3 𝑚 and 𝜃 = 30°. What is the 
torque, about the origin 𝑂, due to each force?
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