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A uniform beam AB of length 3 m and weight 80 N is freely hinged at A.

Initially, the beam is held horizontally in equilibrium by a small, smooth peg at C where the
distance AC i1s 2.5 m, as shown in Fig. 1.1.
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Fig. 1.1
(i) Calculate the force on the beam from the peg at C. [3]

The peg is now moved so that the beam is in equilibrium with AB at 60° to the vertical, as shown
in Fig. 1.2. AC is still 2.5 m.

Fig. 1.2 Fig. 1.3 Fig. 1.4

(ii) Calculate the new force on the beam due to the peg. (4]

A light string is now attached to the beam at B. The string is perpendicular to the beam. The beam
is in equilibrium with a tension of 20 N in the string, as shown in Fig. 1.3.

(iii) Calculate the new force on the beam due to the peg. [2]

The peg is now removed and the string attached to a point D vertically above A so that angle ABD
is 50°, as shown in Fig. 1 4.

(iv) Calculate the new tension in the string. Calculate also the vertical component of the force
acting on the hinge at A. [5]

[Total 14]
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A small block of mass 25 kg is on a rough slope inclined at &° to the horizontal. The block is held
in equilibrium by a force of magnitude PN applied parallel to the slope and up the slope, as shown
in Fig. 2.

PN

Fig. 2

When P = 259, the block is about to slip up the slope. When P = 35, the block is about to slip
down the slope. In each case, the magnitude of the frictional force acting on the block is F'N.

(i) Draw separate force diagrams for these two cases, showing all the forces and making clear the

direction in which the frictional force acts. [2]
(ii) Calculate the value of o and show that FF = 112. [5]
(iii) Calculate the coefficient of friction between the block and the slope. [3]

The force of magnitude P N is removed and the block slides from rest down the slope. The slope
is not uniformly smooth but the frictional force averages 112 N over the distance slid.

The speed of the block is to be calculated after it has slid 3 m.

(iv) (A) Explain briefly why a method using Newton’s second law with the constant acceleration
formulae is not appropriate.

(B) Use an energy method to calculate the speed. [6]
[Total 16]
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A lamina ACDEFI is made from uniform material. ACGI and DEFG are both rectangular. The
dimensions in centimetres are shown in Fig. 3.1.
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Fig. 3.1

(i) Calculate the coordinates of the centre of mass of the lamina ACDEFI, with respect to the axes
shown in Fig. 3.1. [5]

ABHI is now folded along BH so that it is perpendicular to the plane BCGH. XEFY is folded along
XY so that it is also perpendicular to the plane BCGH but on the other side of it. This situation is
shown in Fig. 3.2. XY is parallel to EF and the distance EX is such that the centre of mass of the
folded lamina remains in the plane BCGH.

A
H P
G
D
c X
Fig. 3.2

(ii) Verify that the distance EX is 2 cm. [4]
(iii) Calculate the x- and y-coordinates of the centre of mass of the folded lamina with respect to
the axes shown in Fig. 3.2. [4]

(iv) The folded lamina is freely suspended from H and hangs in equilibrium with HBCDXYG in
a vertical plane. Calculate the angle between HB and the vertical. [3]
[Total 16]
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Two circular discs of equal radius slide on a smooth, horizontal surface. Disc A has mass 2 kg and
disc B has mass m kg. All impacts are direct and motion is along the line of centres, which is
perpendicular to a wall. The situation is shown in Fig. 4.

Fig. 4

A force of 4 N acts on A for 5 seconds along the line of centres in the direction AB. Disc A is
initially at rest and does not reach disc B in the 5 seconds.

(i) Show that A achieves a speed of 10ms ™~ !in the direction AB. [1]

Suppose that m = 5, B is initially at rest and the coefficient of restitution in the impact between A
and B is 0.54.

(ii) Show that, after the impact, A has a speed of 1 ms ™! in the direction BA and B has a speed of
4 4ms~!in the direction AB. [5]

Disc B rebounds from the wall with its speed halved.

(iii) Calculate the impulse of the wall on B. [2]

Consider now the more general case of the collision between A and B where B is initially at rest.
In this general case, B has mass m kg and the coefficient of restitution in the impact between A and B
is e. Disc A travels at 10ms~! in the direction AB and collides with B. After the collision, A has
speed 1 ms~ ! in the direction BA.

22 +m

(iv) (A) Show that e = .
10m

(B) The speed of B is halved in its impact with the wall. Disc B collides again with A after
the impact with the wall. Show that m < 11 and find the range of possible values of e.
[6]

[Total 14]
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