0.004 ke

l 12kg

A machine for driving a nail into a block of wood canses a hammerhead to drop ventically onto the top
of a nail. The mass of the hammerhead is 1.2kg and the mass of the nail is 0.004 kg (see diagram).
The hammerhead hits the nail with speed vms ™' and remains in contact with the nail after the impact.
The combined hammerhead and nail move immediately afier the impact with speed 40ms ™.

(a) Calculate v, giving your answer as an exact fraction. [2]

(b} The nail is driven 4 cm into the wood.

Find the constant force resisting the motion. 31
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A particle stants from rest from a point O and moves in a straight line. The acceleration of the panticle

1
at time s afier leaving (2 is ams ™, where a = ki¥ for 0 7 £ 9 and wher k is a constant. The velocity
of the particle at r = 9is L.Ams .

{(a) Show that k = 0.1. 3]

Fort = 9. the velocity vms ™! of the particle is given by v = 0.2(1— 9)% + 1.8.

(hy Show that the distance travelled in the first 9 seconds is one tenth of the distance travelled between
r=%9ands =18 [4]
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{c) Find the greatest acceleration of the pariicle during the first 10 seconds of its motion. 131
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A cyclist is riding along a straight horizontal road. The total mass of the cyclist and her bicycle
is 70kg. At an instant when the cyclist’s speed is 4ms ', her acceleration is 0.3 ms 2. There is a
constant resistance o motion of magnimde 30N,

ia) Find the power developed by the cyclist. 3]
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The cyclist comes to the top of a hill inclined at 5% to the horizonal. The cyclist stops pedalling and
freewheels down the hill (so that the cyclist is no longer supplying any power). The magnitude of
the resistance force remains at 30N. Over a distance of 4 m, the speed of the cyclist increases from

6ms " o 12ms™ .

(b} Find the change in kinetic eneray. [2]
(e} Use an energy method to find 4. [3]
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1 Panicles P of mass m kg and  of mass 0.2kg are free to move on a smooth horizontal plane. Pis
projected at a speed of 2ms™! towards @ which is stationary. Afier the collision P and  move in
opposite directions with speeds of 0.5ms™" and 1 ms™" respectively.
Find ni. 131
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5 A particle P moves in a straight line, starting from rest at a point O on the line. Al time 1s after
leaving (7 the acceleration of P is k(16 —1* ) ms ™, wher k is a positive constant, and the displacement
from (2 is s m. The welocity of Pis 8ms™' when = 4.

(a) Show that s = (96— 1°). I51]
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(b) Find the speed of P at the instant that it retums w O, 3]

(e} Find the maximum displacement of the particle from €7, 3]
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A light string AB is fixed at A and has a panicle of weight 80N attached at 8. A horizontal force of
magnitude PN is applied at 8 suchthat the siring makes an angle 8° to the vertical (see diagram).

ia) Itis given that P = 32 and the system is inequilibriom.

Find the tension in the sring and the value of 8. [4]
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{b) It is given instead that the tension in the string is 120N and that the particle anached at B still
has weight 80M.

Find the value of P and the value of 8. [4]
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The displacement of a panicle moving in a stmight line is 5 metres at time 1 seconds after leaving a
fixed point O The panicle stans from rest and passes through points P, Qand R, attimesr = 5,1 = 10
and 1 = 15 respectively, and reums w () at time 1 = 20. The distances OF, 00 and OR are 50m,

150 m and 200 m respectively.

The diagram shows a displacement-ime graph which models the motion of the particle from 1 = 0 to
1 =20. The graph consists of two curved segmenis A8 and O and two simight line segments BC

and DE.

{a) Find the speed of the particle between 7 = 5 and 7 = 10. [
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ib) Find the acceleration of the particle betweenr = 0 and 7 = 5, given that it is constant. [2]

i¢) Find the average speed of the panicle during its motion. [2]
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The diagram shows a particle of mass 5kg on a rough horizontal table, and two light inextensible
strings attached to it passing over smooth pulleys fixed at the edges of the table. Panicles of masses
4kg and 6kg hang freely at the ends of the siings. The panicle of mass 6kg is 0.5 m above the
ground. The system is in limiting aquilibriem.

{a) Show that the coefficient of friction between the 5kg panicle and the table is 0.4, [2]

The 6 kg parnticle is now replaced by a panticle of mass 8 kg and the sysiem is released from rest.
ib) Find the accelertion of the 4 kg panticle and the tensions in the strings. [5]

D UCTES 2021 P0G 3V 2



{e)  Inthe subsequent motion the 8 kg panicle hits the ground and does not rebound.
Find the time that elapses afier the 8 kg particle hits the ground before the other two particles

cOMme Lo instantaneous rest. {You may assume this occurs before either particle reaches a pulley.)
[5]

D UCLES 2021 G030V 21



