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1 (a) Fig. 1 shows the graph of with domain 

Fig. 1

Sketch the graphs of

(i)

(ii) [3]

(b) Using a suitable substitution, or otherwise, find [4]

(c) Differentiate simplifying your answer. [4]

(d) Given that find and  

Hence verify that 

[5]
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2 A factory makes widgets. From January 2006, the production manager plans to phase out the
production of old widgets and phase in production of new widgets. He models this process as
follows.

For old widgets, the monthly production will form a geometric sequence with common ratio 0.9.
The production in month 1 (January 2006) will be 5000. 

(i) Find the production figures predicted by the model for months 2, 3 and 12. [4]

(ii) Find the total production of old widgets for the 24 months from the start of January 2006. [3]

(iii) Show that the total production of old widgets from the start of January 2006 will not exceed
50 000. [2]

For new widgets, the production in month 1 (January 2006) will be 500. Production will increase
by 10% per month, forming a geometric sequence.

(iv) Write down an expression for the production of new widgets in month n. Hence show that
monthly production of new widgets will first exceed that of old widgets in month k, where k
is the smallest integer for which

Find this value of k. [6]
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3 Fig. 3 shows the graph of where 

The curve crosses the x-axis at the point and has a turning point at B.

Fig. 3

(i) Show that [2]

(ii) Find as an exact fraction the gradient of the curve at A. What happens to the gradient of the
curve near the origin? [4]

(iii) Find the exact coordinates of B. State the range of the function [5]

(iv) Calculate the area of the region enclosed by the curve and the x-axis. [4]

Total [15]
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4 A pan of water is heated. The temperature T °C of the water t minutes after switching on the heat
is modelled by the equation

(i) Using this model, calculate the initial temperature of the water, and the initial rate of
temperature increase. [3]

(ii) Find the time predicted by the model for the water to reach its boiling point of 100 °C. [3]

Once the water reaches 100 °C, the heat is switched off. The temperature T °C of the water is now
modelled by the equation

where t now denotes the time in minutes after the heat is switched off.

(iii) Write down the value of a. What does the constant 20 in the equation represent? [2]

(iv) Show that plotting values of against t would result in a straight line. [2]

Fig. 4 shows the graph of against t. 

Fig. 4

(v) Use the graph to estimate the value of k, and the time for the temperature of the water to drop
from 100 °C to 50 °C. [4]

[Total 14]
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