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State Examinations Commission

LEAVING CERTIFICATE EXAMINATION, 2021

APPLIED MATHEMATICS — ORDINARY LEVEL

FRIDAY, 25 JUNE — AFTERNOON, 2:00 TO 4:30

Five questions to be answered. All questions carry equal marks.

A Formulae and Tables booklet may be obtained from the Superintendent.

Take the value of g to be 10 m 572,

Tand J are unit perpendicular vectors in the horizontal and vertical directions, respectively,

or eastwards and northwards, respectively, as appropriate to the question.

Marks may be lost if necessary work is not clearly shown.

Marks may be lost for omission of correct units with numerical answers.




1. The points P and Q lie 1 km apart on a straight level road. A car passes P with a speed of
2 m st and accelerates with a uniform acceleration of 2.5 m s for 8 seconds to a speed of
vm s7%, It then travels at this constant speed of v m s™* for 18 seconds. Finally, the car
decelerates uniformly to rest at Q.

Calculate

(i) thespeedv

(ii) the distance travelled in the first 8 seconds

(iii) the distance travelled in the next 18 seconds

(iv) the total time it takes the car to travel from P to Q.

Later, a motorbike passes P with a speed of k m s™* and continues at this speed for

10 seconds. It then accelerates uniformly for a further 2 seconds to a speed of 17 m s™2.

It continues at this speed until it passes Q. The motorbike takes one minute to travel from
Pto Q.

(v) Draw a speed-time graph of the motion of the motorbike from P to Q.

(vi) Find the value of k.

2. (a) Two cars, A and B, are located 100 m
and 40 m respectively from junction Ao
0, as shown in the diagram. Car A is
travelling east at 5 m s~ and car B is
travelling north at 8 m s™2.

(i) Calculate the time it takes B to
reach the junction O. 8ms

(i)  Write the velocity of car A and
car B in terms of 7 andj.

(iii) Find the velocity of A relative to
B in magnitude and direction.

(b) Anairport, D, is located 400 km north of a second airport C. In still air, an aircraft can
fly from Cto D in 1 hour 42 minutes. On a particular day the wind is blowing from the
east with a velocity of 50 km hr™t. The aircraft leaves airport C at 13:00.

Calculate
(i) the direction in which the aircraft heads so that it lands at airport D

(ii) the time that the aircraft will land at airport D.
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3. (a) A particle is projected with an initial velocity of 26 T + 407 m s™* from a point Con a
horizontal plane. The particle lands at point D.

The particle passes through points e T T e
P and Q which are 60 m above the p.-" T
horizontal plane. A A
RN | ‘\‘
Calculate P T
J 160 m 60 m! \

(i) the time of flight S : : .

/7 | | \
(i) the horizontalrange ¢/ v v \"‘D

(iii) the times when the particle is 60 m above the horizontal plane

(iv) the distance between points P and Q.

(b) A particle is projected from the top of a vertical cliff with an initial velocity of 35 m s™*
at an angle of a above the horizontal, where tan o = Z. The cliff is 98 m high and the
particle lands a distance of x m from the foot of the cliff.

Calculate
(i) thetime it takes for the particle to land

(ii) thevalue of x.

4. (a) Massesof 5kgand 3 kg are connected by a light inelastic string which
passes over a smooth light pulley.

The system is released from rest.

(i) Show the forces acting on each mass.

5kg

(i) Find the common acceleration of the system.

(iii) Find the tension in the string.

(iv) Calculate the speed of the 5 kg mass after it has travelled a distance

3k
of 2 m. B

inelastic string which passes over a light smooth pulley,
as shown in the diagram. The 5.2 kg mass lies on a

(b) Masses of 5.2 kg and 4 kg are connected by a light /‘

rough plane inclined at 6 to the horizontal, where

4 kg

tan 0 = % The coefficient of friction u is i.

The 4 kg mass hangs vertically and accelerates
downwards when the system is released from rest. 0

(i) Show on separate diagrams the forces acting on each mass.

(ii) Find the common acceleration of the system.
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5. (a) Smooth spheres P and Q are travelling towards 1m st
each other on a smooth horizontal table. —

5ms™t
4—
P has a mass of 7 kg and Q has a mass of 3 kg.
Their speeds before collision are 1 m s™ and P Q

5 m s~ respectively, as shown in the diagram.

The coefficient of restitution for the collision is 2

Find (i) the speeds of P and Q immediately after the collision
(iif) the loss of kinetic energy due to the collision

(ili) the magnitude of the impulse imparted to P as a result of the collision.

(b) A ballis dropped from a height of 11.25 m. The ball strikes a smooth horizontal floor
and rises to a vertical height of h m. The coefficient of restitution between the ball and

the floor is %

Calculate
(i) the velocity of the ball immediately after it hits the floor
(i) the value of h.

6. (a) Particles of weight 3N, 1N, 4N, and 2 N are placed at the points (p, q), (1, p), (g, 4),
and (0, 3) respectively.

The co-ordinates of the centre of gravity of the system are (—0.5, 1.5).
Find (i) thevalueofp
(ii) thevalue ofg.

(b) A uniform triangular lamina in the shape of an
isosceles triangle has the vertices A, B and C.
|AB| = |BC| =25 cm and |AC| =14 cm. |BD| is
the perpendicular height of the triangle, where
D is the midpoint of AC.

Two uniform circles, S; and S, are removed
from the triangular lamina. Sz has a radius of
3 cm and its centre F, is on the midpoint of BD.
S2 has a radius of 2 cm and centre E on BD,
where |DE| =6 cm.

(i) Taking the coordinates of the vertex A to
be (0, 0), write down the coordinates of
the points B, C, E and F.

(ii) Calculate the coordinates of the centre of
gravity of the remaining shape.
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7. (a) Auniform beam AB of length 5 m and weight 1000 N is held in a horizontal position by
two vertical forces, F; and F», positioned at A and C respectively. Cis 1 m from B.
The beam is in equilibrium and stationary.

F
IFI ZA_t I1m

A C B

Find (i) the value of F;

(ii) the value of Fz.

(b) A uniform rod PQ of length 4 meters and
weight 120 N is smoothly hinged at end
P to a vertical wall. One end of a light
inelastic string connects to Q and the
other end of the string is connected to a
horizontal ceiling. The rod makes an
angle of 30° with the vertical wall and
the string makes an angle of 60° with the
ceiling.

The rod is in equilibrium.

(i) Show on a diagram all the forces
acting on the rod.

(ii) Write down the equations that arise from resolving the forces horizontally and
vertically.

(iii) Write down the equation that arises from taking moments about the point P.
(iv) Calculate the tension in the string.

(v) Calculate the horizontal and vertical components of the reaction at the hinge.
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8. (a) A smooth particle of mass 2 kg performs uniform
horizontal circular motion on the inside surface of a
smooth hollow sphere of radius 1.7 m. The radius of
the circular motion is r m. The centre of the circle is
1.5 m below the centre of the sphere.

(i) Calculate the value of r.

(ii)) Draw a diagram showing all the forces acting on
the particle.

(iii) Calculate the reaction between the particle and
the sphere.

(iv) Calculate the speed of the particle.

(b) A7 kg object is attached to a fixed point by a
light inelastic string of length 5 m. The object
moves in a uniform horizontal circle of radius 3 m.

(i) Draw a force diagram showing all the forces
acting on the object.

(ii)  Find the angular velocity of the object.
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9.  Arightcircular cone of radius 12 cm and height 25cm |- -- - oo e
is placed at the bottom of a tank of water. A sphere,
of radius 4 cm is attached to the top of the cone with a
light inelastic string. The relative density of the cone is
1.8 and the relative density of the sphere is 0.7.

Both the cone and the sphere are fully submerged in
water and are at rest.

(i) Show on separate diagrams the forces acting
on the cone and on the sphere.

(ii)  Write equations to represent all the forces
acting on the cone and the sphere.

(iii) Calculate the tension in the string.

(iv) Calculate the value of the reaction force

between the base of the cone and the bottom of the tank.

The pressure at the top of the sphere is 4000 Pa less than the pressure at the bottom of the
tank.

(v) Calculate the length of the string.
(Density of water is 1000 kg m3)
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