2008 Applied Maths Higher Level Solutions (see alternative solutions also)
1. (a) 
A ball is thrown vertically upwards with an initial velocity of 39.2 m/s.

(i) Find the time taken to reach the maximum height

(ii) Find the distance travelled in 5 seconds.
Solution
v = u + at
0 = 39.2 – 9.8(t)

t  = 4 s

(ii)

s = ut + ½ at2
   = 39.2(4) – 4.9(16)

   = 78.4 m

Fifth second:

s = ut + ½ at2
  = 0 + 4.9(1)

  = 4.9 m

Total distance = 78.4 + 4.9 = 83.3 m
1. (b) 
Two particles P and Q, each having constant acceleration, are moving in the same direction along parallel lines. When P passes Q the speeds are 23 m/s and 5.5 m/s, respectively. Two minutes later Q passes P, and Q is then moving at 65.5 m/s.

(i) Find the acceleration of P and the acceleration of Q

(ii) Find the speed of P when Q overtakes it

(iii) Find the distance P is ahead of Q when they are moving with equal speeds.

Solution
(i) 
Q
v = u + at

65.5 = 5.5 + a(120)

a = 0.5 m s-2
s = ut + ½ at2
  = 5.5(120) + ½ (½ )(120)2
  = 4260 m
P
s = ut + ½ at2
4260 = 23(120) + ½ a(120)2
a = 5/24

(ii)

v = u +at

   = 23 + 5/24(120)

   = 48 m/s

(iii)

VP = VQ
23 + 5/24(t) = 5.5 + ½ t

T = 60 s

SP = 23(60) = ½ (5/24)(60)2 = 1755

SQ = 5.5(60) + ½ (1/2)(60)2 = 1230

Distance = 1755 – 1230 = 525 m.
[image: image1.emf]2. 
(a) 
Two straight roads cross at right angles.

A woman C, is walking towards the intersection with a uniform speed of 1.5 m/s.

Another woman D is moving towards the intersection with a uniform speed of 2 m/s.

C is 100 m away from the intersection as D passes the intersection.

(i) Find the velocity of C relative D

(ii) Find the distance of C from the intersection when they are nearest together.
Solution
(i)

VC = 1.5i + 0j
[image: image18.emf]VD = 0i + 2j

VCD = 1.5i – 2j

Magnitude = 2.5 m/s

Direction: East 53.130 South

(ii)

[image: image19.emf][image: image20.emf]
time 
= 
= 
= 
24 s
In this time C travels 1.5 × 24 = 36 m

Distance of C from the intersection = 100 – 36 = 64 m
(b) 
On a particular day the velocity of the wind, in terms of i and j, is x i – 3 j where x ∈ N.
[image: image21.emf] i and j are unit vectors in the directions East and North respectively.
To a man travelling due East the wind appears to come from a direction North α° West where tan α = 2.

When he travels due North at the same speed as before, the wind appears to come from a direction North β° West where tan β = 3/2.

Find the actual direction of the wind.
Solution
VM = ai
VWM = VW - VM


= (xi – 3j) – ai


= (x-a)i – 3j
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· 
a = x - 6


VM = aj

VWM = VW - VM


= (xi – 3j) – aj


= xi – (3 + a)j

[image: image24.emf][image: image25.emf]




a = x - 6
3. 
[image: image26.emf](a) 
[image: image27.emf]A ball is projected from a point on the ground at a distance of a from the foot of a vertical wall of height b, the velocity of projection being u at an angle 45° to the horizontal.

If the ball just clears the wall prove that the greatest height reached is
Solution
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(b) 
A particle is projected down an inclined plane with initial velocity u m/s.

The line of projection makes an angle of 2θ ° with the inclined plane and the plane is inclined at θ ° to the horizontal.

The plane of projection is vertical and contains the line of greatest slope.

[image: image28.emf]
The range of the particle on the inclined plane is 
Find the value of k.
Solution

[image: image2.emf]

4. 
[image: image29.emf](a) 
The diagram shows a light inextensible string having one end fixed, passing under a smooth movable pulley A of mass m kg and then over a fixed smooth light pulley B.

[image: image30.emf]The other end of the string is attached to a particle of mass 1 m1 kg.

The system is released from rest.

Show that the upward acceleration of A is 
Solution

[image: image3.emf]

[image: image31.emf](b) 
Particles of mass 2m and m are connected by a light inextensible string which passes over a smooth pulley at the vertex of a wedge-shaped block, one particle resting on each of the smooth faces.

The mass of the wedge is 4m and the inclination of each face to the horizontal is 30°.
The wedge rests on a smooth horizontal surface and the system is released from rest.

(i) Show, on separate diagrams, the forces acting on the wedge and on the particles.

(ii) Find the acceleration of the wedge.
Solution

[image: image4.emf]
5. 
(a) 
Three identical smooth spheres lie at rest on a smooth horizontal table with their centres in a straight line. The first sphere is given a speed 2 m/s and it collides directly with the second sphere. The second sphere then collides directly with the third sphere.

The coefficient of restitution for each collision is e, where e < 1.

(i) Find, in terms of e, the speed of each sphere after two collisions have taken place.

(ii) Show that there will be at least one more collision.

Solution
[image: image5.emf]

(b) 
[image: image32.png]100 cos53.13°)
25



A smooth sphere A moving with speed u, collides with an identical smooth sphere B which is at rest.

The direction of motion of A, before impact, makes an angle of 45° with the line of centres at the instant of impact.
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The coefficient of restitution between the spheres is e.

Show that the direction of motion of A is deflected through an angle α where
Solution
[image: image6.emf]
6. 
(a) 
A particle of mass 5 kg is suspended from a fixed point by a light elastic string which hangs vertically. The elastic constant of the string is 500 N/m.

The mass is pulled down a vertical distance of 20 cm from the equilibrium position and is then released from rest.

(i) Show that the particle moves with simple harmonic motion.

(ii) Find the speed and acceleration of the mass 0.1 seconds after it is released from rest.

Solution

[image: image7.emf]

(b) 
[image: image34.emf]A and B are two fixed pegs, A is 4 m vertically above B.

A mass m kg, connected to A and B by two light inextensible strings of equal length, is describing a horizontal circle with uniform angular velocity ω.

For what value of ω will the tension in the upper string be double the tension in the lower string?

Solution

[image: image8.emf]

7. 
[image: image35.png]


(a) 
One end of a uniform ladder, of weight W, rests against a rough vertical wall, and the other end rests on rough horizontal ground. The coefficient of friction at the ground is ¼ and at the wall is ½.
The ladder makes an angle α with the horizontal and is in a vertical plane which is perpendicular to the wall.

The ladder is on the point of slipping.

Find tan α.

Solution

[image: image9.emf]

(b) 
Two equal uniform rods AB and BC smoothly jointed at B are in equilibrium with the end C resting on a rough horizontal surface.

The end A is held above the surface.

The rod AB is horizontal and the rod BC is inclined at an angle of 45° to the horizontal.

If C is on the point of slipping find the coefficient of friction.

Solution
[image: image10.emf]
8. 
(a) 
Prove that the moment of inertia of a uniform circular disc, of mass m and radius r, about an axis through its centre perpendicular to its plane is ½ mr2.

Solution

[image: image11.emf]

(b) 
Masses of 4 kg and 6 kg are suspended from the ends of a light inextensible string which passes over a pulley.

The axis of rotation of the pulley is horizontal, perpendicular to the pulley, and passes through the centre of the pulley.

The moment of inertia of the pulley is 0.08 kg m2 and its radius is 20 cm.

The particles are released from rest and move vertically.

When each mass has acquired a speed of 1 m/s, find

(i) the common acceleration of the masses

(ii) the tensions in the vertical portions of the string.

Solution
[image: image12.emf]
10.
(a) 
If 
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And y = 0 when x = 0, find the value of x when 
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Solution
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(b) 
A train of mass 200 tonnes moves along a straight level track against a resistance of 400v2, where v m/s is the speed of the train.

The engine exerts a constant power of P kW.

The acceleration of the train is 
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(i) Find the value of P.

(ii) The train travels a distance 69.07 m while its speed increases from 10 m/s to v1 m/s. Find the value of v1.

Solution
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