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Equilibrium of a rigid body, including toppling

Starter
1. (Review of last lesson)  A spinning top has a shape obtained by rotating the graph of 

 for , the units being cm.  It is made of wood with uniform 

density.  Find the distance of the centre of mass from the origin.

Notes
Suspension of a lamina from a point
If a rigid body is freely suspended, it will hang with its centre of mass vertically below the point of 
suspension.
The normal reaction acts vertically upwards from the point of suspension.
The weight of the lamina acts vertically downwards from the centre of mass.
Questions often ask to find the angle between a side and the vertical.  In such cases it can be 
easier to draw the side as vertical.

E.g. 1  A right-angled isosceles triangle lamina, whose shorter sides are of length  cm, is 	 	
	 suspended from one its corners.  Find the angle between the vertical and the side  	 	
	 where  is the point from which the triangle is suspended and  is at the right-angle. 	 


Working: so 

E.g. 2  A uniform triangular lamina has vertices ,  and .  If the lamina is 
suspended from , find the angle that the side  makes with the horizontal.

Toppling of a lamina when there is sufficient friction to prevent sliding
When an object stands on an inclined plane, equilibrium can be broken in two ways:

1. The object is on the point of sliding down the plane ( ).
2. The object is on the point of toppling

N.B. The object topples when the weight of the object acts beyond the pivot edge, E.
When toppling, the normal reaction force acts at E.
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E.g. 3 A cube with sides  cm is placed on a plane that is inclined at an angle of  to the 

horizontal.  The plane is rough enough to prevent sliding.  Determine whether the cube will 
rest in equilibrium or topple when:
(a)  
(b) .

Working: (a) Since the cube cannot slide, we need only 
consider whether it will topple.
For the cube to topple the centre of mass 
must act beyond the pivot edge, .
Given the sides are squares, the angle 
makes with the vertical is .
So when  the cube will 
rest in equilibrium.

(b) When  the cube will topple. 
(Bostock p457)  

E.g. 4 A rectangular block of mass  kg of height  m and length  m is placed on an inclined 
plane of angle .  Given that , decide whether the block will slide or topple first as 

 is increased.
Hodder p310)   
E.g. 5  A block of mass  kg is  m long and  m high stands on a rough horizontal plane.  An 

increasing horizontal force  newtons is applied to the block in the top (left) edge until the 
block moves.  The coefficient of friction between the block and the plane is .  Does the 
block slide or topple?

Working: Here is a diagram to help you do the 
question.
Find the smallest force, , that would 
make the block slide.
Then find the smallest force, , that 
would make the block topple
As  increases, what will happen first?
(Hodder p309)


Video: Freely hanging suspended laminas
Video Lamina toppling on an inclinded plane

Video (password needed): Sliding and toppling 
Video (password needed): Suspended objects 

Solutions to Starter and E.g.s 
Exercise
p281 10B Qu 1-15

Summary
Suspension of a lamina from a point
If is freely suspended, a rigid body will hang with its centre of mass vertically below the point of 
suspension.  The weight of the lamina acts vertically downwards from the centre of mass.

Toppling of a lamina when there is sufficient friction to prevent sliding
When an object stands on an inclined plane, equilibrium can be broken in two ways:

1. The object is on the point of sliding down the plane ( ).
2. The object is on the point of toppling

N.B. The object topples when the weight of the object acts beyond the pivot edge, E.
When toppling, the normal reaction force acts at E.
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