Name:

Total Marks:

A level Applied
Mathematics

Paper 3B Mechanics

Practice Paper J9

Time: 2 hours

Information for Candidates
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Question 1

A small ball is projected vertically upwards from ground level with speed u m s™". The ball takes 4 s to
return to ground level.

(a) Draw, in the space below, a velocity-time graph to represent the motion of the ball during the first 4 s.

(b) The maximum height of the ball above the ground during the first 4 s is 19.6 m. Find the value of u.

(Total 5 marks)

Question 2

A particle P moves with constant acceleration (2i — 5j) m s™. Attime t = 0, P has speed u m s™". At time t
=3 s, P has velocity (-6i + j)m s™".

Find the value of u.
(Total 5 marks)

Question 3

Two forces, (4i — 5j) N and (pi + gj) N, act on a particle P of mass m kg. The resultant of the two forces is
R. Given that R acts in a direction which is parallel to the vector (i — 2j),

(a) find the angle between R and the vector j,
(b) show that 2p + g + 3 = 0.
Given also that g = 1 and that P moves with an acceleration of magnitude 8V5 m s2,

(c) find the value of m.
(Total 14 marks)
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Question 4

Figure 2

A small package of mass 1.1 kg is held in equilibrium on a rough plane by a horizontal force. The plane is
3

inclined at an angle a to the horizontal, where tan a = 4. The force acts in a vertical plane containing a
line of greatest slope of the plane and has magnitude P newtons, as shown in Figure 2.

The coefficient of friction between the package and the plane is 0.5 and the package is modelled as a
particle. The package is in equilibrium and on the point of slipping down the plane.

(a) Draw, on Figure 2, all the forces acting on the package, showing their directions clearly.

(b) (i) Find the magnitude of the normal reaction between the package and the plane.
(i) Find the value of P.

(Total 13 marks)
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Figure 1

A bench consists of a plank which is resting in a horizontal position on two thin vertical legs. The plank is
modelled as a uniform rod PS of length 2.4 m and mass 20 kg. The legs at Q and R are 0.4 m from each
end of the plank, as shown in Figure 1.

Two pupils, Arthur and Beatrice, sit on the plank. Arthur has mass 60 kg and sits at the middle of the
plank and Beatrice has mass 40 kg and sits at the end P. The plank remains horizontal and in equilibrium.
By modelling the pupils as particles, find

(a) the magnitude of the normal reaction between the plank and the leg at Q and the magnitude of the
normal reaction between the plank and the leg at R.

Beatrice stays sitting at P but Arthur now moves and sits on the plank at the point X. Given that the plank
remains horizontal and in equilibrium, and that the magnitude of the normal reaction between the plank
and the leg at Q is now twice the magnitude of the normal reaction between the plank and the leg at R,

(b) find the distance QX.
(Total 13 marks)
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Question 6

x

Figure 3

One end of a light inextensible string is attached to a block P of mass 5 kg. The block P is held at rest on
3

a smooth fixed plane which is inclined to the horizontal at an angle a, where sin a = 5. The string lies
along a line of greatest slope of the plane and passes over a smooth light pulley which is fixed at the top
of the plane. The other end of the string is attached to a light scale pan which carries two blocks Q and R,
with block Q on top of block R, as shown in Figure 3. The mass of block Q is 5 kg and the mass of block
Ris 10 kg. The scale pan hangs at rest and the system is released from rest. By modelling the blocks as
particles, ignoring air resistance and assuming the motion is uninterrupted, find

(a) (i) the acceleration of the scale pan,

(ii) the tension in the string,

(b) the magnitude of the force exerted on block Q by block R,

(c) the magnitude of the force exerted on the pulley by the string.
(Total 16 marks)

www.naikermaths.com



Question 7

Figure 1

A

Figure 1 shows a ladder AB, of mass 25 kg and length 4 m, resting in equilibrium with one end A on rough

horizontal ground and the other end B against a smooth vertical wall. The ladder is in a vertical plane
11

perpendicular to the wall. The coefficient of friction between the ladder and the ground is 25. The ladder
makes an angle B with the ground. When Reece, who has mass 75 kg, stands at the point C on the ladder,
where AC = 2.8 m, the ladder is on the point of slipping. The ladder is modelled as a uniform rod and Reece
is modelled as a particle.

(a) Find the magnitude of the frictional force of the ground on the ladder.
(b) Find, to the nearest degree, the value of .

(c) State how you have used the modelling assumption that Reece is a particle.
(Total 10 marks)

Question 8

A particle P moves along the x-axis in a straight line so that, at time t seconds, the velocity of Pis vm s™,
where

10622, 0<t<6,
v=14 —432

— t > 6.
£

At t=0, Pis at the origin O. Find the displacement of P from O when

(a)t=6,
(b) t=10.
(Total 8 marks)
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Question 9
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Figure 3

A cricket ball is hit from a point A with velocity of (pi + gj) m s™, at an angle a above the horizontal. The
unit vectors i and j are respectively horizontal and vertically upwards. The point A is 0.9 m vertically
above the point O, which is on horizontal ground.

The ball takes 3 seconds to travel from A to B, where B is on the ground and OB = 57.6 m, as shown in
Figure 3. By modelling the motion of the cricket ball as that of a particle moving freely under gravity,

(a) find the value of p,

(b) show that g = 14.4,

(c) find the initial speed of the cricket ball,

(d) find the exact value of tan a.

(e) Find the length of time for which the cricket ball is at least 4 m above the ground.

(f) State an additional physical factor which may be taken into account in a refinement of the above model
to make it more realistic.

(Total 15 marks)

TOTAL FOR PAPER IS 99 MARKS
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