12

Particles of masses 1.5kg and 3kg lie on a plane which is inclined at an angle of & to the horizontal,
where tan o = di The section of the plane from A to B is smooth and the section of the plane from B
to O is rough. The 1.5kg panicle is held at rest at A and the 3 kg particke is in limiting equilibrium
at 8. The distance AB is xm and the distance BC is 4m (see diagram).

ta) Show that the coefficient of friction between the particke at B and the plane is (L.75. [3]
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The 1.5kg particle is released from rest.  In the subsequent motion the two panticles collide and
coalesce. The time taken for the combined particle to travel from 8 to C is 2s. The coefficient of
friction between the combined panicle and the plane is still 0.75.

{b) Find x. [&]

{e)  Find the total loss of energy of the particles from the time the 1.5kg particle is released until the
combined panicle reaches C. 3]
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4 A car has mass 1600ke.

{a) The caris moving along a straight horizontal road at a constant speed of 24ms™! and is subject
0 a consiant resistance of magnitude 480N,

Find. in kW, the rate at which the engine of the caris working.

The car now moves down a hill inclined at an angle of 8 1o the horizontal, where sinf = 0.09. The
engine of the car is working at a constant rate of 12kW. The speed of the car is 24 ms ™! at the top of
the hill. Ten seconds later the car has travelled 280 m down the hill and has speed 32ms™"

{b) Given that the resistance is not constant, use an energy method to find the total work done agains
the resistance during the ten seconds. 51
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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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4 A car of mass 1400 kg is moving on a straight road against a constant force of 1250 N mesisting the
modon.

{a) The car moves along a horizonial section of the road at a constant speed of 36m s~

(i} Caleulate the work done against the resisting force during the first 8 seconds. [2]
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{ifi} Given that this power is suddenly increased by 12kW, find the instantaneous acceleration
of the car. 3]

{h) The car now travels at a constant speed of 32ms™! up a section of the road inclined at 8 to the
horizontal, with the engine working at 64 kKW,

Find the value of 8. [2]

© UCLES 2021 GT09E 3OV 2 | Turn over



120kg

40 kg

A metal post is driven ventically into the ground by dropping a heavy object onto it from above. The
mass of the object is 120 ke and the mass of the post is 40 kg (see diagram). The object hits the post
with speed 8ms~! and remains in contact with it after the impact.

{a) Calculatethe speed with which the combined post and object moves immediately afierthe impact.
12]

{h) Themr is a constant force resisting the motion of magnitude 4800 .
Calculate the distance the post is driven into the ground.
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£an

A block B of mass 4 kg is pushed up a line of greatest slope of a smooth plane inclined at 307 to the
horizontal by a force applied to B, acting in the direction of motion of B. The block passes through
points P and ( with speeds 12ms™! and 8 ms™! respectively. P and @ are 10 m apart with P below
the level of {J.

{a) Find the decrease in kinetic energy of the block as it moves from P o 0. 2]

(b} Hence find the work done by the force pushing the block up the slope as the block moves from
ProQ. 3]
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{c) At the instant the block reaches 0, the force pushing the block up the slope is emoved.
Find the time taken, after this instant., for the block to etum to P, [4]

& UCLES 2030 G0 M0 | Turn over



2
1 Paricles P of mass 0.4 kg and () of mass 0.5kg are free to move on a smooth horizontal plane. P and
( are moving directly towards each other with speeds 2.5ms™" and 1.5ms™" respectively. Afier P

and  collide, the speed of (is twice the speed of P.

Find the two possible values of the speed of P after the collision. [4]
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1  Two particles P and (), of masses 0.3kg and 0.2kg mespectively, are at rest on a smooth horizontal
plane. P is projected at a speed of 4ms™' directly towards 0. Afier P and ( collide,  begins 1o
move with a speed of 3ms™".

ta) Find the speed of P after the collision. 2]

Afier the collision, ) moves directly towards a third particle R, of mass m kg, which is at rest on the

plane. The two panicles ¢ and R coalesce on impact and move with a speed of 2ms ™.

{h) Find m. [2]
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