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1 A particle P is moving in a fixed circle of radius 0.8 m. At time ¢s its velocity is (> — ¢ + 2) ms™'.

Find the magnitudes of the radial and the transverse components of the acceleration of P when ¢ = 2.

[3]

2 Two uniform small spheres A and B have equal radii and masses 4m and m respectively. Sphere A is
moving with speed # on a smooth horizontal surface when it collides directly with sphere B which is
at rest. The coeflicient of restitution between the spheres is e.

(i) Show that after the collision A moves with speed éu(4 — e) and find the speed of B. [4]
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Sphere B continues to move until it collides with a fixed smooth vertical barrier which is perpendicular
to the direction of motion of B. The coefficient of restitution between B and the barrier is 3e. After

1
this collision, the speeds of A and B are equal.

(ii) Find the value of e. (3]
The spheres A and B now collide directly again.

(iii) Determine whether sphere B collides with the barrier for a second time. [2]
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3 A particle P moves on the positive x-axis in simple harmonic motion. The centre of the motion is a
distance d m from the origin O, where 0 < d < 6.5. The points A and B are on the positive x-axis,
with OA = 6.5 m and OB = 7.5 m. The magnitude of the acceleration of P when it is at B is twice the
magnitude of the acceleration of P when it is at A.

(i) Find d. [2]

The period of the motion is 7's and the maximum acceleration of P during the motion is 10 ms ™.

(ii) Find the speed of P when it is 7m from O. [5]
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4 A uniform rod AB has length 2a and weight W. The end A rests on rough horizontal ground and the
end B rests against a smooth vertical wall. The angle between the rod and the horizontal is 6, where
tan O = %. One end of a light inextensible rope is attached to a point C on the rod. The other end
is attached to a point where the vertical wall and the horizontal ground meet. The rope is taut and
perpendicular to the rod. The rope and rod are in a vertical plane perpendicular to the wall.

(i) Show that AC = %a. [2]

The magnitude of the frictional force at A is equal to one quarter of the magnitude of the normal
reaction force at A.

(i) Show that the tension in the rope is %W. [6]
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(iii) Find expressions, in terms of W, for the magnitudes of the normal reaction forces at A and B.

(2]
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A particle P of mass m is attached to one end of a light inextensible string of length a. The other end
of the string is attached to a fixed point O. The particle is held with the string taut and horizontal. It is
projected downwards with speed 4/(12ag). At the lowest point of its motion, P collides directly with a
particle Q of mass km which is at rest (see diagram). In the collision, P and Q coalesce. The tension
in the string immediately after the collision is half of its value immediately before the collision. Find

[11]

the possible values of k.
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6 A random sample of 15 observations of pairs of values of two variables gives a product moment
correlation coeflicient of 0.430.

(i) Test at the 10% significance level whether there is evidence of non-zero correlation between the
variables. [4]

A second random sample of N observations gives a product moment correlation coefficient of 0.615.
Using a 5% significance level, there is evidence of positive correlation between the variables.

(ii) Find the least possible value of N, justifying your answer. [2]

7  The probability that a driver passes an advanced driving test has a fixed value p for each attempt. A
driver keeps taking the test until he passes. The random variable X denotes the number of attempts
required for the driver to pass. The variance of X is 3.75.

(i) Show that 15p? + 4p — 4 = 0 and hence find the value of p. [4]
P /4
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8  For a random sample of 6 observations of pairs of values (x, y), the equation of the regression line of
yonxisy=bx+ 1.306, where b is a constant. The corresponding equation of the regression line of
xonyisx=0.6331y +d, where d is a constant. The values of x from the sample are

2.3 2.8 3.7 p 6.1 6.4

and the sum of the values of y is 46.5. The product moment correlation coefficient is 0.9797.

(i) Find the value of b correct to 3 decimal places. [2]
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(iii) Use the equation of the regression line of x on y to estimate the value of x when y = 8.5. [3]
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9  The continuous random variable X has probability density function given by

1
1
%(3—5) 1<X<9’

0 otherwise.

The random variable Y is defined by Y = vX.

f(x) =

(i) Show that the probability density function of Y is given by

o) = {f—o(sy— 1) 1<y<3,
0 otherwise. [7]

© UCLES 2018 9231/23/M/J/18



GradeMax
Further_Mathematics - 2018 - May/Jun - Paper 23 - QP - Cambridge

15

© UCLES 2018 9231/23/M/J/18 [Turn over



Further_Mathematics - 2018 - May/Jun - Paper 23 - QP - Cambridge

16

GradeMax

10 During the summer months, all members of a large swimming club take part in intensive training.
The times taken to swim 50 metres at the beginning of the summer and at the end of the summer are
recorded for each member of the club. The time taken, in seconds, at the beginning of the summer is
denoted by x and the time taken at the end of the summer is denoted by y. For a random sample of
9 members the results are shown in the following table.

Member A B C D E F G H 1
X 38.5140.2 | 323 |35.1|362|414 320|382 (382
y 37.4 | 38.1 | 31.6 | 347 | 342 | 38.6 | 31.8 | 36.3 | 36.8

The swimming coach believes that, on average, the time taken by a swimmer to swim 50 metres will
decrease by more than one second as a result of the intensive training.

(i) Stating suitable hypotheses and assuming a normal distribution, test the coach’s belief at the 10%

significance level.

[8]
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(if) Find a 95% confidence interval for the population mean time taken to swim 50 metres after the
intensive training, assuming a normal distribution. [4]
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11 Answer only one of the following two alternatives.

EITHER
D C
a
2a
A B

An object is formed from a square frame ABCD with a square lamina attached in one corner of the
frame. The frame consists of four identical thin rods, each of mass M and length 2a. The lamina has
mass kM and edges of length a. It has one vertex at C and adjacent sides in contact with CB and CD
(see diagram).

(i) Show that the moment of inertia of the object about an axis / through A perpendicular to the plane
of the object is Ma*(7k +20). (8]
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The object is released from rest with the edge AB horizontal and D vertically above A. The object

5
rotates freely about the fixed axis /. The angular speed of the object is %\/ (_g) when D is first
a

vertically below A.

(ii) Find the value of k. (6]
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A scientist carries out an experiment to investigate the quantity X, which takes the values 0, 1, 2, 3, 4,
5 or 6. He believes that the values taken by X follow a binomial distribution. He conducts 250 trials.

His results are summarised in the following table.

X

0

1

2

3

4

Observed frequency

22

83

72

53

17

(i) Show that unbiased estimates of the mean and variance for these results are 1.876 and 1.266
respectively, correct to 3 decimal places. By evaluating the mean and variance of the distribution
B(6, 0.313), explain why X could have this distribution.

[4]

The expected frequencies corresponding to the distribution B(6, 0.313) are shown in the following

table.
X 0 1 2 3 4 5
Observed frequency | 22 83 72 53 17 3
Expected frequency | 26.3 | 71.9 | 81.8 | 49.7 | 17.0 | 3.1 0.2

(i) Show how the expected frequency for x = 4 is calculated.

© UCLES 2018
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(iii) Test at the 5% significance level whether the scientist’s belief is correct. [8]
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Additional Page

If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
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