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Section A

Answer all questions.

Answer each question in the space provided for that question.

Use Bungee jumping on page 2 of the Data Sheet.

(a)

(b)

(c)

(d) (i)

(ii)

(iii)

(e)

Ellen is doing a bungee jump.

At time ¢ = 0, she jumps from a point 80 metres above ground level.

After 2 seconds, she is at a height of 60 metres above ground level.

At a time ¢ seconds after jumping, Ellen’s height above ground level is y metres.

For 0 < ¢ < 2, this height can be modelled by

y=m— nt? where m and n are constants.

Find the value of m, and show that n = 5.

[3 marks]
Use your values of m and n to complete the table.
[2 marks]
t 0 0.4 0.8 1.2 1.6 2.0
y=m — nt? 80 60
On the grid opposite, draw a graph of the data in the table.
[3 marks]
Find the gradient of the graph when ¢t = 1.
[2 marks]
State the units of this gradient.
[1 mark]
Interpret the meaning of this gradient.
[1 mark]

If this model continued to be valid for ¢ > 2, at what time would Ellen be 5 metres

above ground level?

[3 marks]
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2 Two seconds after Ellen jumps, the rope becomes taut for the first time.

At a time ¢ seconds after jumping, Ellen’s height above ground level is y metres.
For 2 <t < 7.8, this height can be modelled by

y =32.1cos (42.9(t — 0.693))° + 42.1
(a) Consider the function 32.1 cos(42.9(r — 0.693))° + 42.1

(i) State the amplitude of this function.

[1 mark]
(if) State the minimum value of this function.
[1 mark]
(iii) Find the period of this function.
[2 marks]
(b) Complete the table, giving values of y to one decimal place.
[2 marks]
t 2 3 4 5 6 7 7.8
y 60.0 37.1 16.8 60.5
(c) The graph opposite shows how Ellen’s actual height above the ground varies for
2<t<78.
On the same axes, draw the graph of
y =32.1c08(42.9(r — 0.693))° +42.1 for 2<¢<7.8
[3 marks]
(d) At the point where ¢ = 3, find the percentage error in the height obtained by using the
model.
[3 marks]
e | Answer space for question 2
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(a) (i) State the maximum value of y.

[1 mark]
(ii) State the value of ¢ which gives this maximum.
[1 mark]
(b) Express y in the form y = at> + bt + c.
[3 marks]
(c) Find the times when y = 62.
[3 marks]

The rope becomes slack again 7.8 seconds after Ellen jumps.

At a time ¢ seconds after jumping, Ellen’s height above ground level is y metres.
For 7.8 <t < 9.6, this height can be modelled by

y=64.1—5(t—8.7)

Use this model to answer the following questions.
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PART
REFERENCE
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Section B

Answer all questions.

Answer each question in the space provided for that question.

Use Electric car on page 3 of the Data Sheet.

(a)

(b)

(c)

(d)

(e)

(f)

The graph on the Data Sheet shows how the number of revolutions per minute (RPM)
of the electric car engine is related to the torque of the engine in foot pounds.

If y = (RPM) — 2000

and T foot pounds is the torque,

it is thought that y can be modelled by an equation of the form
y = Ak"

where 4 and k are constants.

Show that for this model log;,» = log;qg4 + T log;o k.

Complete the table.

T 6 10 20 30 40 50 60

70

y 3000 | 2500 | 1400 | 850 600 380 200

120

log,,y | 348 | 3.40 | 3.15 | 2.93

On the grid opposite, draw the graph of log;, y against 7.
Draw a line of best fit.

Find the constants 4 and k, and hence express y in terms of 7.

Use your equation to estimate 7" when y = 1000.

Use your equation to estimate the RPM when 7 = 80.

[1 mark]

[2 marks]

[3 marks]

[4 marks]

[3 marks]

[2 marks]
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Section C
Answer all questions.
Answer each question in the space provided for that question.

Use Pendulum on page 4 of the Data Sheet.

(a)

(b)

(c)

(d)

(e)

(i)

(ii)

A simple pendulum of length / metres has period 7" seconds.
T can be modelled by the equation
1
T=22 for >0

Find the period of a simple pendulum of length 0.4 metres.

[1 mark]
Find an expression for / in terms of 7.
[2 marks]
Find the length of a simple pendulum with period 2 seconds.
[1 mark]
1
On the grid opposite, sketch the graph of 7 = 2/2.
[2 marks]

On the Moon, a simple pendulum of a given length has a period that is different from
the value it would have on Earth.

On the Moon, 7' can be modelled by an equation of the form

1
T = ki?
where k is a constant.

A simple pendulum of length 0.8 metres has a period of 4.4 seconds on the Moon.
Find the value of &, giving your answer to three significant figures. Hence express T
in terms of /.

[2 marks]

Use your equation to find the length of a simple pendulum which has a period of
2 seconds on the Moon.
[2 marks]
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