MECHANICS (C) UNIT 1 TEST PAPER 2

Take g =9-8 ms ~ and give all answers correct to 3 significant figures where necessary.

1. Forces of magnitude 4 N and 6 N act in directions 4N
which make an angle of 40° with each other. /
Calculate » 6N
(1) the magnitude of the resultant of the two forces, [3]
(i1) the angle, in degrees, between the resultant and the 4 N force. [2]

2. A particle P of mass 0-4 kg moves in a straight line such that, at time ¢ seconds after passing

through a fixed point O, its distance from O is x metres, where x = 37 + 81,

(1) Show that P never returns to O. [1]
(i1) Find the value of # when P has velocity 20 ms . (3]
(111) Show that the force acting on P is constant, and find its magnitude. (3]

3. A stone is dropped from rest at a height of 7 m above horizontal ground. It falls vertically, hits
the ground and rebounds vertically upwards with half the speed with which it hit the ground.

Stating any modelling assumptions which you make, calculate

(1) the time taken for the stone to fall to the ground, [3]
(i1) the speed with which the stone hits the ground, [2]
(111) the height to which the stone rises before it comes to instantaneous rest. [3]

4. Two railway trucks 4 and B, of masses 10 000 kg and 7 000 kg respectively, are moving towards
each other along a horizontal straight track. Immediately before the collision the speed of B is
2ms . Immediately after the collision, the trucks move together with speed 10 ms .

Modelling the trucks as particles,

(1) find the speed of 4 immediately before the collision. (3]
When the trucks are moving together along the track, the coefficient of friction between them and

the track is 0-15. Assuming that no other resisting forces act on the trucks, calculate

(i1) the magnitude of the resisting force on the trucks, [3]

(111) the time taken after the collision for the trucks to come to rest. (4]
5. A small package P of mass 1 kg is initially at rest on the rough P

horizontal top surface of a wooden packing case which is 1-5 m case

long and 1 m high and stands on a horizontal floor. Q

The coefficient of friction between P and the case 1s 0.2.
P is attached by a light inextensible string, which passes over a smooth fixed pulley, to a weight O
of mass M kg which rests against the smooth vertical side of the case.
The system is released from rest with P 0-75 m from the pulley and Q 0-5 m from the pulley. P
and Q start to move with acceleration 0-4 ms >. Calculate

(1) the tension in the string, in N, [3]
(i1) the value of M, [3]
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(i11) the time taken for Q to hit the floor.

Given that Q does not rebound from the floor,

(iv) calculate the distance of P from the pulley when it comes to rest.

[3]

[5]

A car starts from rest at time # = 0 and moves along a straight road with constant acceleration 4

ms ° for 10 seconds. It then travels at a constant speed for 50 seconds before decelerating to rest

over a further distance of 240 m.

(1) Sketch a graph of velocity against time for the total period of the car’s motion. [3]

(i1) Find the car’s average speed for the whole journey.

[6]

In reality the car’s acceleration a ms ~ in the first 10 seconds is not constant, but increases from 0

to 4 ms ~ in the first 5 seconds and then decreases to 0 again. A refined model, designed to take

account of this, uses the formula a = k(mt — tz) for 0 <¢<10.

(111) Calculate the values of the constants k and m.

[5]

(iv) Find the acceleration of the car when ¢ = 2 according to this model. [2]

MECHANICS 1 (C) TEST PAPER 2 : ANSWERS AND MARK SCHEME

(1) Cos. rule on force -: R°=16+36-48cos 140° R=942N Ml Al Al
(ii) sin 8/ 6 =sin 140/ R sin 6= 0-409 0=242° M1 A15
(1) Whenx=0, #3¢t+8)=0 No solution for >0 B1
(i) v=06¢+8 When v =20, 6¢=12 t=2 M1 Al Al
(111) a = 6, constant F=04x6=24N B1 M1 Al 7
Model stone as particle, ignore air resistance B1
(i) 7= gf F=14+98 1=120s M1 Al
(i) v=gr=117ms ' M1 Al
(iii) 0—5-85662 =—2gh h=175m M1 Al Al 8
(1) 10 000uy +7 000 x—2 =17 000 % 10 M1
10 000w, = 184 000 uys= 184 ms—1 Al Al
(i1) Resisting force = 4R =0-15x 17 000g =24 990 N MI Al Al
(i) v=u+at: 0=10- 0-15g¢ t=680s M1 M1 Al Al 10
(i) T-02g=0.4(1) T=04+02g=236N M1 Al Al
(i) Mg—T=04M 9-4M =2-36 M=0-251 M1 Al Al
(iii) 05= $x04F  r=158s M1 Al Al
(iv) P has moved 0-5 m and has speed 0-632 ms ' and acceleration Bl
—0-2g, s00°—0.632>=2(- 0-2g)s s=0-102 M1 Al
Comes to rest 0-75 — (0-5 + 0-102) = 0-148 m from pulley MI1 Al 14
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(ii) Time for last section = 240 + 3(40) = 12 s, so total time = 72 s
Total distance = (50 + 72) x 40 = 2440 m
Average speed = 2440 + 72 =339 ms '
(iii) Putt=5: k(5m-25)=4 Putz=10: k&(10m —100)=0
k= "*hs , m=10
(iv) Whent=2,a= *hsx16=2-56ms °
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