QQQ - Further Mechanics 2 - Chapter 3 - Further Centres of

Mass (Version 2)

Total Marks: 23
(23 = Platinum, 21 = Gold, 18 = Silver, 16 = Bronze)

2h

Figure 1

A uniform solid S is formed by taking a uniform solid right circular cone, of base radius 27 and

height 2h, and removing the cone, with base radius r and height h, which has the same vertex as

the original cone, as shown in Figure 1.
(a) Show that the distance of the centre of mass of .S from its larger plane face is % h. (5)

The solid S lies with its larger plane face on a rough table which is inclined at an angle 6° to the

horizontal. The table is sufficiently rough to prevent S from slipping. Given that h = 27,
(b) find the greatest value of § for which S does not topple. 3)

(Total 8 marks)
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Figure 2

A uniform solid hemisphere H has radius 2a. A solid hemisphere of radius g is removed from the
hemisphere H to form a bowl. The plane faces of the hemispheres coincide and the centres of the

two hemispheres coincide at the point O, as shown in Figure 2.

The centre of mass of the bowl is at the point G.

(a) Show that OG = % (4)

Figure 3 below shows a cross-section of the bowl which is resting in equilibrium with a point P
on its curved surface in contact with a rough plane. The plane is inclined to the horizontal at an
angle « and is sufficiently rough to prevent the bowl from slipping. The line OG is horizontal
and the points O, G and P lie in a vertical plane which passes through a line of greatest slope of

the inclined plane.



Figure 3

(b) Find the size of o, giving your answer in degrees to 3 significant figures. 2

(Total 6 marks)
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3. [In this question, you may assume that the centre of mass of a circular arc, radius r, with angle

rsin o

at centre 2, is a distance from the centre.]

Figure 5

A thin non-uniform metal plate is in the shape of a sector O AB of a circle with centre O and

71'
radius a. The angle AOB = 588 shown in Figure 5.

The plate is modelled as a non-uniform lamina.

The mass per unit area of the lamina, at any point P of the lamina, is modelled as k(OP)2,

where K = — and A is a constant.
Ta
Using the model,
(a) find the mass of the plate in terms of ), (5)
(b) find, in terms of a, the distance of the centre of mass of the plate from O. (4)

(Total 9 marks)
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