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1. The point 4 has coordinates (-3, —2)
The point B has coordinates (7, 5)
The straight line /, passes through 4 and B.

(a) Find the gradient of /| giving your answer in simplest form.

(b) Find an equation for /, giving your answer in the form ax + by + ¢ = 0,
where a, b and c are integers to be found.

Given that the line /, is perpendicular to /|

(c) write down the gradient of /)

(2)
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Question 1 continued
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(Total for Question 1 is 5 marks)
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2. The sequence u, u,, u,, ... is defined by

unﬂ -p un + q
where p and ¢ are constants.
Given that u, =4

(a) write down u, in terms of p and g.
1)

Given also that

. u2=10

2

r=I1

(b) find the value of p and the value of g.
3)
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Question 2 continued
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(Total for Question 2 is 4 marks)
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-
3. The functions f and g are defined by

f(x)y=e*+2 xeR
g(x)=Inx xeR x>0

(a) State the range of f
1)

(b) Find fg(x), giving your answer in simplest form.

(2)
(c) Find f'

3)
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Question 3 continued
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(Total for Question 3 is 6 marks)
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4. Using the rules of logarithms, solve the equation

log, (x +2) + log, (x +3) — 2log,x = 1

C))
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Question 4 continued
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(Total for Question 4 is 4 marks)
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5. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of
(2 +3x)°

giving each coefficient in simplest form.
(b) Hence find the coefficient of x in the expansion of

1
3x — — (2 + 3x)°
" ( )

C))
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Question 5 continued
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(Total for Question 5 is 7 marks)
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6. Prove by contradiction that for all positive real values of x

x+£>4
X

(C))
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Question 6 continued
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(Total for Question 6 is 4 marks)
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7. Relative to a fixed origin O
» the point 4 has position vector 8i — 3j + 2k
» the point B has position vector ¢i + 2¢j + 5tk
where 7 is a non-zero constant.

—>2
(a) Show that ‘AB| =30¢2—-24t+77

3
(b) Hence find
. % . . .
(1) the value of t when |AB| takes its minimum value,
—>
(i1) the minimum value of ‘AB , giving your answer as a simplified surd.
C))
Given that
% . . .
* |AB| takes its minimum value
+ the point C lies on 4B such that C divides 4B in the ratio 5:3
(c) find the coordinates of C &
(2) S
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 9 marks)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Given that cos260+ cosf + 1 # 0, show that

sin 26 + sin @

=tand
c0s20 + cosO +1 an

(&)

(b) Hence solve, for 0 <x <m

sin2x + sinx

=2cosx
cos2x +cosx +1

Give your answers to 3 decimal places.
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 8 marks)
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9. A kettle contains a quantity of water.

The water is cooling down.

The temperature, 6°C, of the water at time # minutes after cooling began is modelled by

the equation

0=21+Ae™

where A and k are constants.

Given that

 at the instant cooling began, the temperature of the water was 80°C

* 40 minutes after cooling began, the temperature of the water was 33 °C

(a) find a complete equation for the model. Give the exact value of 4 and the value of &

to 3 significant figures.

“4)

Given that 20 minutes after cooling began, the temperature of the water was 48 °C

(b) evaluate the model.
(2)

(c) Find, according to the model, the rate of the decrease in the temperature of the water

20 minutes after cooling began.
(Solutions relying entirely on calculator technology are not acceptable.)
3)
.
22
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Question 9 continued
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Question 9 continued

<
%5
3
3RS
35
5K

<
ool
$RXXS
IR

590
255
<

0K
B
o=

XX

bo%el
%5
09
&
D%
oo
bo%et
P
jess s
oo
PRl ravede!

(000,
S0
K
N
L
0%’

X

0.0
XX
K
P9
154
<X
%!

0

i

X I %
X KKK
LR

OO
pgeteletet
%)

3
o6

25055

RS

&??
%!

4%%&#
LB

XXX
5%
ZRIEKK

Ot otetetete!
Ot totetetete!
L

fv
0%

<
5
0ol
boes
X

d&o
& X

<
R
3%
X
29S
5%

‘f

(Total for Question 9 is 9 marks)
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10. A geometric series has
o firstterm 4 + k

e second term 8 — 2k

where £ is a positive constant.

(a) Explain why the series does not converge when k = 20

Given that the series does converge,

(b) find the range of possible values of .

(0))

C))
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Question 10 continued
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(Total for Question 10 is 5 marks)
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11. The global yearly energy output from onshore wind farms was first measured in 1996.
The equation

E=ab’ where a and b are constants

models the global yearly energy output, £ gigawatts (GW), from onshore wind farms
t years after 1996.

Given that the global yearly energy output from onshore wind farms was
*  74GW in 2006

* 198GW in 2010

(a) (1) find the value of b to 3 decimal places,

(i1) find the value of a to one decimal place.

C))
(b) With reference to the model
(1) interpret the value of a,
(i1) interpret the value of b.
2
Using the model,
(c) find the predicted global yearly energy output from onshore wind farms in 2025.
2

28
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Question 11 continued
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12. (a) Find
x2e”dx

2

(b) Using the substitution u =x* or otherwise, show by integration that

e dx = %e"3 (x6 + Ax>* + B) + ¢

where 4 and B are constants to be found and c is an arbitrary constant.
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Question 12 continued
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13.

1
(a) Express ) in partial fractions.

x(100 — x

A scientist is studying the spread of a fungus in a field.
The field has an area of 100 m?

The area of the field affected by the fungus, xm?, is modelled by the
differential equation

SOO% = x(100 — x)
dr
where ¢ days is the time after the start of the study.
Given that at the start of the study 5m? of the field was affected by the fungus,

(b) solve the differential equation to show that

A

X = 1

1+ Be s

where A and B are constants to be found.

(c) Hence find the area of the field affected by the fungus 10 days after the start of
the study.

(2)

(6)

2
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Question 13 continued
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(Total for Question 13 is 10 marks)
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14.

VA
C
/
P
R
>
0 X
Figure 1
Figure 1 shows a sketch of the curve C with parametric equations

_ ] Osind . % <0< o
x—E sin y—gsec 0<0< B

T
The point P lies on C where 6 = 3

(a) Find, in simplest form, the exact Cartesian coordinates of P
The line / meets C at P and is parallel to the x-axis.
The region R shown shaded in Figure 1 is bounded by C, the y-axis and /.
(b) Show that the area of R is given by
Az — BI3(tan0 +0)do
0

where A and B are rational numbers to be found.

(c) Hence, use algebraic integration to find the exact area of R

2

C))

3
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Question 14 continued
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(Total for Question 14 is 10 marks)
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15.

=V

Figure 2
Figure 2 shows a sketch of
 the curve C, with equation y = arccos —x

2
 the curve C, with equation y = arcsinx

The curves meet at the point P as shown in Figure 2.

(a) Show that at P

tany =2

(b) Hence, or otherwise, find the exact x coordinate of P

(2

2
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Question 15 continued

(Total for Question 15 is 4 marks)

TOTAL FOR PAPER IS 100 MARKS
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