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Answer all questions.
SECTION A
Mechanics
1 Bodies P and Q are travelling in the same direction along the same straight line.

P has a of mass of 3kg and a speed of 5ms™!
Q has a of mass of 2kg and a speed of 2ms™!

P collides directly with Q.

(i) IfPand Q coalesce, find the velocity of the combined body after the collision. [4]
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(ii) Find the impulse exerted on P by Q. [2]
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2 Ata fireworks display, a rocket is launched from a fixed point O at time ¢ = 0 seconds.
Its position vector r metres, relative to O, at time ¢ is given by
r=122i+ (-~ +57+18)j for0<¢<4

(i) Find an expression for the velocity of the rocket at time . [3]
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(ii) Find the value of # when the acceleration of the rocket is parallel to the i vector.

[4]
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3 A particle moves in a straight line through a fixed point O.

At time ¢ seconds the velocity v ms™! is given by

v=52+2t-3

Initially, the displacement of the particle is 0.5m from O.

(i) Find an expression for the displacement of the particle from O at time ¢. [4]
(i) Find the distance travelled by the particle in the first 3 seconds. [8]
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4 Fig. 1 below shows a golfer striking a golf ball.
The golf ball is projected from a point O on horizontal ground.

Fig. 1

It has an initial velocity of 50ms~! at an angle of 65° to the horizontal.

(i) Find the magnitude and direction of its velocity after 4 seconds. [6]
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Fig. 2 below shows a tree in the plane of projection which is 180 m from O and
25m tall.

180m

Fig. 2

(ii) Determine whether the ball will clear the tree. [5]
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5 Fig. 3 below shows a uniform rod AB of length 4 m and mass 8kg.
The rod is smoothly hinged at end A to a vertical wall.

One end of a light inextensible string of length 5m is attached to the rod at a point C,
where C is I m from B.

The other end of the string is attached to the wall at a point D vertically above A.

The rod rests in equilibrium in a horizontal position.
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(i) Complete the diagram below showing all the external forces acting on the rod. [3] =

o
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SECTION B

Statistics

6 (i) Define the term null hypothesis. [2]
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Over time, a mechanic has noticed that cars with smaller depths of tyre tread seem to
consume more fuel per mile.

He wishes to use a sample of 10 cars to test this observation.

For the sample, the mechanic calculates the product-moment correlation coefticient
between the depth of tyre tread and fuel consumption per mile to be » =—0.6172

(ii) Explain why a one-tailed test is appropriate in this context. [2]
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At the 5% level of significance, the critical value of » is —0.5494

(iii) State the critical region for the test. [1]
(iv) What conclusion can the mechanic draw from this information? [2]
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7  In healthy adults, systolic blood pressure is normally distributed with mean
112mmHg and standard deviation 10 mmHg.

(i) Find the probability that a healthy adult, selected at random, has a systolic blood
pressure of less than 125 mmHg. [2]
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(ii) Calculate the interquartile range of this distribution. [5]
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A clinical trial is to be carried out involving healthy adults whose systolic blood
pressure is below 104 mmHg or above 130 mmHg.

(iii) Estimate the percentage of healthy adults who are eligible for the trial. [6]
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8 A manufacturer of nylon fishing lines claims that the breaking strength of its nylon
fishing lines is normally distributed with mean 3.5 kg and variance 0.43 kg?

Following the installation of a new machine, the manager wishes to carry out a
hypothesis test at the 5% level of significance to see if the breaking strength of the
fishing lines has increased.

In a random sample of 50 lines, the mean breaking strength is found to be 3.7kg.

(i) Calculate the value of the standardised test statistic. (4]
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(ii) Hence, or otherwise, complete the hypothesis test. [7]
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9 Events 4 and B are such that
P(4|B)=0.45 P(ANB)=0.18 and P(B|4)=0.72

(i) Find the values of P(4) and P(B). [5]
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(ii) Hence determine whether or not 4 and B are independent. [2]
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(iii) Using a Venn diagram, or otherwise, calculate P(4 N B). [3]
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10 The organisers of a large sporting competition believe that 15% of the athletes
involved have taken a banned performance-enhancing substance.

A journalist suggests that the number is more than 15%.
The organisers wish to investigate the journalist’s claim.

A random sample of 20 athletes is taken and tested for the banned substance.
Six of the athletes in the sample are found to have taken the banned substance.

Test the journalist’s claim at the 5% level of significance. [9]
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