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Centres of mass of composite bodies

Starter
1. (Review of last lesson) 

A uniform lamina has the shape of an equilateral triangle with sides of length �  cm.  Find 
the perpendicular distance of the centre of mass of the lamina from one of its sides.

Working: Let one of the vertices be at �  and the another at � .

The height of the triangle�

The 3rd vertex is at �

Required distance�  cm (3 s.f.)

2.	 Find the coordinates of the centre of mass of this 

	 uniform lamina.


Working: Centre of mass of square is � .
Centre of mass of top triangle:

�

Centre of mass of right triangle:

�

The mass of the lamina is unknown so areas will need to be used.
Area of square is  units2.
Area of each triangle is  units2.
�  about the origin:

�

�

     �

The coordinates of the centre of mass of the uniform lamina are � .

6.9

(0, 0) (6.9, 0)

= 6.92 − 3.452 =
69 3

20
≈ 5.976

(3.45,
69 3

20 )
=

1
3

×
69 3

20
=

69 3
60

≈ 1.99

(1, 1)

( 0 + 2 + 1
3

,
2 + 5 + 2

3 ) = (1, 3)

( 2 + 5 + 2
3

,
0 + 2 + 1

3 ) = (3, 1)

4
3

↻

10 (x̄
ȳ) = 4 (1

1) + 3 (3
1) + 3 (1

3)
10 (x̄

ȳ) = (16
16)

(x̄
ȳ) = (1.6

1.6)
(1.6, 1.6)
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E.g. 1	 Find the centre of mass of this uniform lamina relative to � .


	 Working:	 CoM of big rectangle is � 

	 	 	 CoM of square is � 

	 	 	 Area of rectangle is 12 cm2.

	 	 	 Area of square is 1 cm2.

	 	 	 Area of compound shape is 11 cm2.

	 	 	 �  about the � :


�

�

     �

	 	 	 The centre of mass is at �  (3 s.f.)


E.g. 2 The diagram shows a hollow lantern made of glass of uniform 	
	 thickness.  It is formed by joining together a conical shell of 

	 height �  cm , a cylindrical shell of height �  cm and a hemispherical 
	 shell, all of radius �  cm.

	 Find the depth of the centre of mass of the lantern below the vertex 
	 �  of the cone.

	 Hint:  	 since the lantern is hollow you will need to find the surface 
	 	 area of the different parts.

	 	 Surface area of cylinder � 

	 	 Surface area of sphere � 

	 	 Surface area of a cone � 


(M2 p177)

	 Working:	 Let  kg be the mass of the glass per cm2.

	 	 	 Surface area of curved part of cone � 

	 	 	 Surface area of curved part of cylinder � 

	 	 	 Surface area of curved part of hemisphere � 

	 	 	 It can be useful to put the information into a table like the one below.

	 	 	 

	 	 	 	 Lantern (whole) 	 Cone	 	 Cylinder	 Hemisphere	    

	 Mass (kg)	 	       � 	 	 � 	 	 � 		    � 	 

	 Distance from V	 	 �    	 	    � 	 	    � 	 	       � 


�  about the � : �
     �

�

	 	 	 The centre of mass is �  cm (3 s.f.) below � .

	 	 	 N.B.	 Since �  cancels, volume rather than mass could be used


O

(1.5, − 2)
(1.5, − 1.5)

↻ O

(12 − 1)(x̄
ȳ) = 12 (1.5

−2) − 1 ( 1.5
−1.5)

11 (x̄
ȳ) = ( 16.5

−22.5)
(x̄

ȳ) = ( 1.5
−2.05)

(1.5, − 2.05)

6 10
8

V

= 2πr2 + 2πrh
= 4πr2

= πrl + πr2

k
= πrl = π × 8 × 10 = 80π

= 2πrh = 2 × π × 8 × 10 = 160π
= 2πr2 = 2π × 82 = 128π

368πk 80πk 160πk 128πk
x 4 11 20

↻ V 368πk x = 80πk × 4 + 160πk × 11 + 128πk × 20
368x = 320 + 1760 + 2560

x =
290
23

≈ 12.61

12.6 V
k
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E.g. 3 A vase is made from a uniform solid cylinder of height �  cm and radius �  cm by 

removing a smaller cylinder of height �  cm and radius �  cm from it so that there is an axis 
of symmetry vertically through the centre of the base.  Find the centre of mass of the vase.

Working: The CoM will be on the axis of symmetry

   Vase Cylinder     Smaller cylinder
Volume   � �           �

Distance from base      � �   �

�  about the base of vase:     �
  �

N.B. Subtraction because the smaller vase is removed.
The centre of mass is �  cm from the base of the vase on the axis of 
symmetry 
(Part remove

d: Hodder p201)  
Video: Composite CoM (rectangle/triangle)

Video:  Composite CoM (rectangle/semi-circle)
Video:  Composite CoM (rectangle/circle removed)

Video:  Wire framework CoM (rectangle/triangle)
Video:  CoM uniform lamina with lines of symmetry

Video (password needed): Centre of mass of composite bodies 

CoM laminas EQ
CoM wire frameworks EQ

Solutions to Starter and E.g.s 

Exercise
p123 5C Qu 1ace…, 2-14

25 10
22 9

718π π × 102 × 25 = 2500π 1782π
x̄ 12.5 14

↻ 718π x̄ = 2500π × 12.5 − 1782π × 14
x̄ ≈ 8.777

8.78
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