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Section A (36 marks)

1 Given that show that [4]

2 A population is P million at time t years. P is modelled by the equation 

where a and b are constants.

The population is initially 8 million, and declines to 6 million after 1 year. 

(i) Use this information to calculate the values of a and b, giving b correct to 3 significant figures. 
[5]

(ii) What is the long-term population predicted by the model? [1]

3 (i) Express as a single logarithm. [2]

(ii) Hence, given that x satisfies the equation 

show that x is a root of the quadratic equation [2]

(iii) Solve this quadratic equation, explaining why only one root is a valid solution of 

[3]2ln x � ln 3 � ln (5x � 2).

3x2 � 5x � 2 � 0.

2ln x � ln 3 � ln (5x � 2),

2ln x � ln 3

P � 5 � ae�b t,

dy

dx
�

2
y 2 .y x= +( ) ,1 6

1
3

4753/1 January 2006



4753/1 January 2006 [Turn over

3

4 Fig. 4 shows a cone. The angle between the axis and the slant edge is 30°. Water is poured into the
cone at a constant rate of 2 cm3 per second.  At time t seconds, the radius of the water surface is 
r cm and the volume of water in the cone is V cm3.

Fig. 4

(i) Write down the value of [1]

(ii) Show that and find [3]

[You may assume that the volume of a cone of height h and radius r is ]

(iii) Use the results of parts (i) and (ii) to find the value of when [3]

5 A curve is defined implicitly by the equation

(i) Show that [4]

(ii) Hence write down in terms of x and y. [1]
dx

dy

dy

dx
�

2(x � y)
3y 2 � 2x

.

y 3 � 2xy � x 2.

r � 2.
dr

dt

1
3p r2h .

dV

dr
.V r= 3

3
3p ,

dV

dt
.
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6 The function is defined by for 

(i) Show that and state the domain of this function. [4]

Fig. 6 shows a sketch of the graphs of and 

Fig. 6

(ii) Write down the coordinates of the points A, B and C. [3]

y

x

A

C

BO

y = f(x)

y = f -1(x)

y � f�1(x).y � f (x)

f - = -Ê
Ë

ˆ
¯

1 1
2

( ) arcsinx
x

� 1
2 p � x � 1

2 p .f (x) � 1 � 2sin xf (x)
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Section B (36 marks)

7 Fig. 7 shows the curve

, where 

The curve crosses the x-axis at A, and has a turning point at B. The point C on the curve has 
x-coordinate 1. Lines CD and BE are drawn parallel to the y-axis.

Not to
scale

Fig. 7

(i) Find the x-coordinate of A, giving your answer in terms of e. [2]

(ii) Find the exact coordinates of B. [6]

(iii) Show that the tangents at A and C are perpendicular to each other. [3]

(iv) Using integration by parts, show that 

Hence find the exact area of the region enclosed by the curve, the x-axis and the lines CD and
BE. [7]

[Question 8 is printed overleaf.]

�x ln x dx � 1
2 x 2 ln x � 1

4 x2 � c .

O AD E

C

B
y

x

x � 0.y � 2x � x ln x

5
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8 The function has domain 

Fig. 8 shows the graph of for 

Fig. 8

(i) Find in terms of . Hence sketch the graph of for the complete domain
[3]

(ii) Show that Hence find the exact coordinates of the turning point P. 

State the range of the function giving your answer exactly. [8]

(iii) Using the substitution  or otherwise, find the exact value of

[4]

(iv) Sketch the graph of [1]

(v) Using your answers to parts (iii) and (iv), write down the exact value of

[2]

sin
cos

.
2

2 20

1
2 x

x
x

-
Û
ıÙ

d
p

y � f (2x).

sin
cos

.
x

x
x

20 -
Û
ıÙ

d
p

u � 2 � cos x

f (x),

f� (x) �
2cos x � 1

(2 � cos x)2 .

�p � x � p .
y � f (x)f (x)f (�x)

O x

y

p

P

0 � x � p .y � f (x)

�p � x � p .f (x) �
sin x

2 � cos x
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