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Answer all questions.

1 (a) The polynomial f(x) is defined by f(x) = 3x> + 2x? — 7x + 2.
(i) Find f(1). (1 mark)
(ii) Show that f(—2) =0. (1 mark)
(ii1)) Hence, or otherwise, show that

x—Dx+2) 1
3x3 4+ 2x2 —7x+2 ax+b

where a and b are integers. (3 marks)
(b) The polynomial g(x) is defined by g(x) = 3x> +2x? — 7x+d.

When g(x) is divided by (3x — 1), the remainder is 2. Find the value of d. (3 marks)

2 A curve is defined by the parametric equations

2
x=3—-4 y=1~|—;

d
(a) Find ay in terms of . (4 marks)

(b) Find the equation of the tangent to the curve at the point where ¢ = 2, giving your
answer in the form ax 4 by 4+ ¢ = 0, where a, b and ¢ are integers. (4 marks)

(c) Verify that the cartesian equation of the curve can be written as

x=3)r—-1)+8=0 (3 marks)

3 It is given that 3cosf —2sinf = Rcos(0 + o), where R > 0 and 0° <o <90°.
(a) Find the value of R. (1 mark)
(b) Show that o ~ 33.7°. (2 marks)

(¢) Hence write down the maximum value of 3 cos — 2sin 6 and find a positive value
of 0 at which this maximum value occurs. (3 marks)
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4 On 1 January 1900, a sculpture was valued at £80.

When the sculpture was sold on 1 January 1956, its value was £5000.

The value, £V, of the sculpture is modelled by the formula V = 4 k!, where ¢ is the time in

years since 1 January 1900 and 4 and k are constants.
(a) Write down the value of A4.
(b) Show that £ ~ 1.07664.

(c) Use this model to:

(1 mark)

(3 marks)

(1) show that the value of the sculpture on 1 January 2006 will be greater than

£200000;

(2 marks)

(i) find the year in which the value of the sculpture will first exceed £800 000.

(3 marks)

5 (a) (i) Obtain the binomial expansion of (1 — x)_1 up to and including the term in x2.
(2 marks)
(i1)) Hence, or otherwise, show that
11 +2 N 4 5
3-2¢ 3 9 27"
for small values of x. (3 marks)
(b) Obtain the binomial expansion of 5 up to and including the term in x2.
1 —x) (2 marks)
2x2 -3 C
(c) Given that al 5 can be written in the form 5
(3 —2x)(1 —x) (1 —x)
find the values of 4, B and C. (5 marks)
w2 -3

(d) Hence find the binomial expansion of 3
(3—2x)(1 —x)

in x2.

Turn over for the next question
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6 (a) Express cos2x in the form acos®x + b, where a and b are constants. (2 marks)
3 m

(b) Hence show that J cos’ xdx = =, where a is an integer. (5 marks)
0 a

7 The quadrilateral ABCD has vertices 4 (2,1,3), B(6,5,3), C(6,1,—1) and D (2,—3,—1).

1
The line /; has vector equation r = L +4]1
-1
(@) (1) Find the vector AB. (2 marks)
(11) Show that the line 4B is parallel to /;. (1 mark)
(11) Verify that D lies on /;. (2 marks)

(b) The line I, passes through D (2,—3,—1) and M (4,1,1).
(1) Find the vector equation of /,. (2 marks)

(i) Find the angle between /, and AC. (3 marks)

8 (a) Solve the differential equation

dx 1
— = -2(x —6)?
P (x —6)

to find ¢ in terms of x, given that x = 70 when ¢ = 0. (6 marks)

(b) Liquid fuel is stored in a tank. At time ¢ minutes, the depth of fuel in the tank is
xcm. Initially there is a depth of 70 cm of fuel in the tank. There is a tap 6cm
above the bottom of the tank. The flow of fuel out of the tank is modelled by the
differential equation

dx 1
— = -2(x—6)?
5 (x—6)

(1) Explain what happens when x = 6. (1 mark)

(i1)) Find how long it will take for the depth of fuel to fall from 70 cm to 22 cm.
(2 marks)

END OF QUESTIONS

Copyright © 2006 AQA and its licensors. All rights reserved.
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Answer all questions.

(b)

(b)

(©)

(d)

(b)

The polynomial p(x) is defined by p(x) = 6x> — 19x% 4+ 9x + 10.

(i) Find p(2). (1 mark)
(ii) Use the Factor Theorem to show that (2x + 1) is a factor of p(x). (3 marks)
(ili) Write p(x) as the product of three linear factors. (2 marks)

3x2 — 6x

Hence simplify

. 2 mark
6x3 — 19x2 + 9x + 10 (2 marks)

Obtain the binomial expansion of (1 — x)_3 up to and including the term in x2.

(2 marks)

-3
5
Hence obtain the binomial expansion of (1 — §x> up to and including the term

in x2. (2 marks)

-3
5
Find the range of values of x for which the binomial expansion of (1 — Ex) would

be valid. (2 marks)

3
Given that x is small, show that ( ) ~a-+ bx+ cxz, where a, b and ¢ are

2 —5x
integers. (2 marks)
9x2 — 6x +5 A B
Given that (3;_ l)ét 0 can be written in the form 3 + T +x 7 where A
and B are integers, find the values of 4 and B. (4 marks)
9x? —6x+5
Hence, or otherwise, find J al s dx. (4 marks)
Bx—1)(x—1)

P85556/Jun06/MPC4
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4 (a) (1) Express sin2x in terms of sinx and cosx. (1 mark)
(i1)) Express cos2x in terms of cosx. (1 mark)

(b) Show that

sin 2x — tanx = tanx cos 2x
for all values of x. (3 marks)

(c) Solve the equation sin2x —tanx = 0, giving all solutions in degrees in the interval
0° <x<360°. (4 marks)

5 A curve is defined by the equation

yz—xy+3x2—5:O

(a) Find the y-coordinates of the two points on the curve where x = 1. (3 marks)
d -6
(b) (i) Show that = =2 % (6 marks)
dx 2y—x
(i) Find the gradient of the curve at each of the points where x = 1. (2 marks)
(iii) Show that, at the two stationary points on the curve, 33x%> —5 =0. (3 marks)

6 The points A and B have coordinates (2, 4, 1) and (3, 2, — 1) respectively. The point C is
— —
such that OC = 20B, where O is the origin.

(a) Find the vectors:

(i) OC; (1 mark)
(i) 4B . (2 marks)
(b) (i) Show that the distance between the points 4 and C is 5. (2 marks)

(i1) Find the size of angle BAC, giving your answer to the nearest degree. (4 marks)
(c) The point P(a, f3, 7) is such that BP is perpendicular to AC.

Show that 400 — 3y = 15. (3 marks)

Turn over for the next question

Turn over p
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7 Solve the differential equation
dy 2
— = 6x
A y
given that y = 1 when x = 2. Give your answer in the form y = f(x). (6 marks)

8 A disease is spreading through a colony of rabbits. There are 5000 rabbits in the colony.
At time ¢ hours, x is the number of rabbits infected. The rate of increase of the number of
rabbits infected is proportional to the product of the number of rabbits infected and the
number not yet infected.

dx )
(@) (i) Formulate a differential equation for R in terms of the variables x and ¢ and a

constant of proportionality k. (2 marks)

(i) Initially, 1000 rabbits are infected and the disease is spreading at a rate of
200 rabbits per hour. Find the value of the constant k.

(You are not required to solve your differential equation.) (2 marks)

(b) The solution of the differential equation in this model is

4
t=4mn(—>
5000 — x

(1) Find the time after which 2500 rabbits will be infected, giving your answer in
hours to one decimal place. (2 marks)

(i1) Find, according to this model, the number of rabbits infected after 30 hours.
(4 marks)

END OF QUESTIONS

Copyright © 2006 AQA and its licensors. All rights reserved.
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Answer all questions.

1 A curve is defined by the parametric equations

(a)

(b)
(©)

x=1+2t y=1—4s

dx d
(i) Find = and <. (2 marks)
dt dt
.. dy .
(i1) Hence find & in terms of ¢. (2 marks)
Find an equation of the normal to the curve at the point where # = 1. (4 marks)
Find a cartesian equation of the curve. (3 marks)

2 The polynomial f(x) is defined by f(x) = 2x> — 7x% + 13,

(a)

(b)

(©)

(b)

(c)

Use the Remainder Theorem to find the remainder when f(x) is divided by (2x — 3).
(2 marks)

The polynomial g(x) is defined by g(x) = 2x3 — 7x2 + 13 4+ d, where d is a constant.

Given that (2x — 3) is a factor of g(x), show that d = —4. (2 marks)

Express g(x) in the form (2x —3)(x% +ax+b). (2 marks)

Express cos2x in terms of sinx. (1 mark)
(i) Hence show that 3sinx — cos2x = 2sin®x + 3sinx — 1 for all values of x.

(2 marks)

(i) Solve the equation 3sinx —cos2x = 1 for 0°<x<360°. (4 marks)

Use your answer from part (a) to find Jsinzx dx. (2 marks)

P90454/Jan07/MPC4
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3x —
4 (a) (i) Express il

B
in the form 4 + p— where 4 and B are integers. (2 marks)
J— x J—
3x—35
(ii) Hence find J il S dr. (2 marks)
x p—
. 6x—5 . P :
(b) (i) Express 4);7_25 in the form w1 + 2xQ— 5 where P and Q are integers.
(3 marks)
. 6x — 5
(i1)) Hence find Jm (3 marks)
1
5 (a) Find the binomial expansion of (1 +x)3 up to the term in x?. (2 marks)
1
(b) () Show that (8 +3x)? =2+ x — z>x> for small values of x. (3 marks)
(ii) Hence show that /9 ~ % (2 marks)

6 The points A, B and C have coordinates (3, —2,4), (5,4,0) and (11, 6, —4) respectively.

(@) (i) Find the vector BA .

(ii) Show that the size of angle ABC is cos™! (— %) .

8 1
(b) The line / has equation r=| =3 |+ 4| 3
2 -2

(1) Verify that C lies on /.

(1)) Show that 4B is parallel to /.

(c) The quadrilateral ABCD is a parallelogram. Find the coordinates of D.

Turn over for the next question
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7 (a) Use the identity
tanA4 + tan B
tan(d +B) = ———
an(4 + B) ]l —tanA tan B
to express tan2x in terms of tanx. (2 marks)
(b) Show that
2t
2~ 2tanx — 0¥ _ (1 — tanx)?
tan 2x
for all values of x, tan2x # 0. (4 marks)

d
8 (a) (1) Solve the differential equation d_)t} = ysint to obtain y in terms of . (4 marks)

(i) Given that y = 50 when ¢ = 1, show that y = 50e~ (1T ¢0s?) (3 marks)

(b) A wave machine at a leisure pool produces waves. The height of the water, y cm,
above a fixed point at time ¢ seconds is given by the differential equation

dy .
— =vySsIint
a7

(1) Given that this height is 50 cm after m seconds, find, to the nearest centimetre, the
height of the water after 6 seconds. (2 marks)

2

(i) Find d—g and hence verify that the water reaches a maximum height after
t

T seconds. (4 marks)

END OF QUESTIONS

Copyright © 2007 AQA and its licensors. All rights reserved.
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Answer all questions.

1 (a) Find the remainder when 2x2 + x — 3 is divided by 2x + 1. (2 marks)
o : . 22 +x -3
(b) Simplify the algebraic fraction —Z_1 (3 marks)
x —
2 (a) (i) Find the binomial expansion of (1 + x)fl up to the term in x3 . (2 marks)

(1) Hence, or otherwise, obtain the binomial expansion of 1 up to the term

+ 3x
inx3. (2 marks)
I +4x
b) Express in partial fractions. 3 marks
(b Express 5130 ™P (3 marks)
(c) (i) Find the bi ial i f Lrdr to the t in x3 (3 ks)
C i ind the binomial expansion o up to the term in x°. marks
P (1+x)(1+3x) P
(i) Find the range of values of x for which the binomial expansion of
1+4
+ A is valid. (2 marks)

(1 +x)(1 +3x)

3 (a) Express 4cosx+ 3sinx in the form Rcos(x — o), where R>0 and 0° <o <360°,
giving your value for o to the nearest 0.1°. (3 marks)

(b) Hence solve the equation 4 cosx + 3 sinx = 2 in the interval 0° <x <360°, giving all
solutions to the nearest 0.1°. (4 marks)

(c) Write down the minimum value of 4cosx + 3sinx and find the value of x in the
interval 0°<x<360° at which this minimum value occurs. (3 marks)
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4 A biologist is researching the growth of a certain species of hamster. She proposes that the
length, x cm, of a hamster ¢ days after its birth is given by

_r
x=15—12¢ 14
(a) Use this model to find:
(1) the length of a hamster when it is born; (1 mark)

(i1) the length of a hamster after 14 days, giving your answer to three significant

figures. (2 marks)

(b) (1) Show that the time for a hamster to grow to 10 cm in length is given by
t= 141n<%) , Where a and b are integers. (3 marks)
(i) Find this time to the nearest day. (1 mark)

(¢) (i) Show that

dx 1

E:ﬁ(ls_x) (3 marks)
(i1)) Find the rate of growth of the hamster, in cm per day, when its length is 8 cm.
(1 mark)
5 The point P(1,a), where a>0, lies on the curve y + 4x = 5x%)2.

(a) Show that a=1. (2 marks)
(b) Find the gradient of the curve at P. (7 marks)
(c) Find an equation of the tangent to the curve at P. (1 mark)

Turn over for the next question

Turn over p
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6 A curve is given by the parametric equations

x =cos0 y =sin20

(@) (i) Find (% and j—; (2 marks)
(i) Find the gradient of the curve at the point where 0 = % (2 marks)

(b) Show that the cartesian equation of the curve can be written as

y? =k (1 - x?)

where £ is an integer. (4 marks)
8 3 —4 1
7 The lines /; and /, have equations r = 6| +A| 3| and r = o +ul| 2
-9 -1 11 -3
respectively.
(a) Show that /; and /, are perpendicular. (2 marks)
(b) Show that /; and /, intersect and find the coordinates of the point of intersection, P.
(5 marks)
(c) The point 4(—4,0,11) lies on /,. The point B on /; is such that AP = BP.
Find the length of AB. (4 marks)
8 (a) Solve the differential equation
dy V142
dx x2
given that y =4 when x = 1. (6 marks)
. . 1 8 1
(b) Show that the solution can be written as y = 3 (15 -——+ —2) . (2 marks)
X x

END OF QUESTIONS

Copyright © 2007 AQA and its licensors. All rights reserved.
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Answer all questions.

3 1 1
1 (a) Given that —— can be expressed in the form & + , find the value of
9 — x2 3+x 3-—x
the rational number k. (2 marks)
2 3 1 a
(b) Show that J dx = —ln<—) , where a and b are integers. (3 marks)
19 —x2 2 b

2 (a) The polynomial f(x) is defined by f(x) = 2x3 +3x? — 18x + 8.
(i) Use the Factor Theorem to show that (2x — 1) is a factor of f(x). (2 marks)

(i) Write f(x) in the form (2x — 1)(x% + px 4 ¢), where p and ¢ are integers.
(2 marks)

4x2 + 16x
2x3 +3x2 - 18x+ 8

(i) Simplify the algebraic fraction (2 marks)

2x? B+C
(b) Express the algebraic fraction m in the form 4 + W‘;ﬁ , where

A, B and C are integers. (4 marks)

N —

2

3 (a) Obtain the binomial expansion of (1 + x)° up to and including the term in x~.
(2 marks)

(b) Hence obtain the binomial expansion of \/ 1+ %x up to and including the term in x2 .
(2 marks)

243
(c) Hence show that —; T a + bx + cx? for small values of x, where a, b and ¢

are constants to be found. (2 marks)
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4 David is researching changes in the selling price of houses. One particular house was sold
on 1 January 1885 for £20. Sixty years later, on 1 January 1945, it was sold for £2000.
David proposes a model

P = Ak’

for the selling price, £P, of this house, where ¢ is the time in years after 1 January 1885
and 4 and k are constants.

(@) (1) Write down the value of 4. (1 mark)
(1)) Show that, to six decimal places, &k = 1.079775. (2 marks)

(ii1)) Use the model, with this value of &, to estimate the selling price of this house
on 1 January 2008. Give your answer to the nearest £1000. (2 marks)

(b) For another house, which was sold for £15 on 1 January 1885, David proposes
the model

0 = 15 x 1.082709!
for the selling price, £0, of this house ¢ years after 1 January 1885. Calculate the year

in which, according to these models, these two houses would have had the same selling
price. (4 marks)

1 1
5 A curve is defined by the parametric equations x = 2¢ + 2 y=2- 2

(a) At the point P on the curve, t = % .
(1) Find the coordinates of P. (2 marks)
(11) Find an equation of the tangent to the curve at P. (5 marks)
(b) Show that the cartesian equation of the curve can be written as
( =y +y)’ =k

where £ is an integer. (3 marks)

Turn over for the next question

Turn over p
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6 A curve has equation 3xy —2y? = 4.

Find the gradient of the curve at the point (2, 1). (5 marks)

7 (a) (i) Express 6sinf + 8cos6 in the form Rsin(0 + o), where R>0
and 0° <a <90°. Give your value for o to the nearest 0.1°. (2 marks)
(1)) Hence solve the equation 6sin2x + 8 cos2x = 7, giving all solutions to the
nearest 0.1° in the interval 0° <x <360°. (4 marks)
. : : sin 2x 1
(b) (i) Prove the identity = . (4 marks)
I —cos2x tanx
(i1)) Hence solve the equation
sin 2x ¢
———— =tan
1 —cos2x *
giving all solutions in the interval 0° <x <360°. (4 marks)
8 Solve the differential equation
dy  3cos3x
de
given that y =2 when x = g . Give your answer in the form y? = f(x). (5 marks)

9 The points 4 and B lie on the line /; and have coordinates (2, 5, 1) and (4, 1, —2) respectively.

(a) (i) Find the vector AB . (2 marks)
(i) Find a vector equation of the line /;, with parameter 4. (1 mark)
1 1
(b) The line /, has equation r = | _3 | +u| 0
-1 -2
(i) Show that the point P(—2, —3,5) lies on /, . (2 marks)
(i) The point Q lies on /; and is such that PQ is perpendicular to /, . Find the

coordinates of Q. (6 marks)

END OF QUESTIONS

Copyright © 2008 AQA and its licensors. All rights reserved.
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Answer all questions.

1 The polynomial f(x) is defined by f(x) =27x> —9x+2.

(a) Find the remainder when f(x) is divided by 3x + 1. (2 marks)
(b) (i) Show that f(—%) —0. (1 mark)
(ii) Express f(x) as a product of three linear factors. (4 marks)

(iii) Simplify

27x% — 9x +2
2ix” —x+ 2 (2 marks)
9x2 4 3x —2
2 A curve is defined, for # # 0, by the parametric equations
4t +3 : 1
X = , = — —
Y
At the point P on the curve, ¢ = %
(a) Find the gradient of the curve at the point P. (4 marks)
(b) Find an equation of the normal to the curve at the point P. (3 marks)
(c) Find a cartesian equation of the curve. (3 marks)

3 (a) By writing sin3x as sin(x + 2x), show that sin3x = 3sinx — 4sin®x for all values
of x. (5 marks)

(b) Hence, or otherwise, find Jsin3xdx. (3 marks)

1

4 (a) (i) Obtain the binomial expansion of (1 —x)4 up to and including the term in x2,
(2 marks)
1
(i) Hence show that (81 — 16x)4 ~ 3 — 24—7x — %xz for small values of x.
(3 marks)

(b) Use the result from part (a)(ii) to find an approximation for V380, giving your answer
to seven decimal places. (2 marks)
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5 (a) The angle o is acute and sino = %
(1) Find the value of cosoa. (1 mark)
(i) Express cos(o — f) in terms of sinff and cosf. (2 marks)
(iii) Given also that the angle f is acute and cos § = %, find the exact value
of cos(o — f). (2 marks)
(b) (i) Given that tan2x = 1, show that tan’x + 2tanx — 1 = 0. (2 marks)
(i1) Hence, given that tan45° = 1, show that tan 22%o =v2—-1. (3 marks)
6 (a E in the fi + 5 (3 ks)
a Xpress n the form : rks
P x2 -1 x—1 x+1 e
2
(b) Hence find J 71 dx. (2 marks)
x —_—
) . . dy 2y )
(c) Solve the differential equation — = ——=——, given that y =1 when x = 3.
de 3(x2-1)
2(x—1
Show that the solution can be written as y3 = (x+ 1 ) (5 marks)
X
7 The coordinates of the points 4 and B are (3, —2, 1) and (5, 3, 0) respectively.
5 1
The line / has equation r= |3 | +4| O
0 -3
(a) Find the distance between 4 and B. (2 marks)

(b) Find the acute angle between the lines 4B and /. Give your answer to the nearest
degree. (5 marks)

(c) The points B and C lie on / such that the distance AC is equal to the distance AB. Find
the coordinates of C. (5 marks)

Turn over for the next question

Turn over p
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8 (a) The number of fish in a lake is decreasing. After ¢ years, there are x fish in the lake.
The rate of decrease of the number of fish is proportional to the number of fish
currently in the lake.

(1) Formulate a differential equation, in the variables x and ¢ and a constant of
proportionality k, where k>0, to model the rate at which the number of fish in
the lake is decreasing. (2 marks)

(i) At a certain time, there were 20000 fish in the lake and the rate of decrease was
500 fish per year. Find the value of £. (2 marks)

(b) The equation
P =2000 — 4e 00

is proposed as a model for the number of fish, P, in another lake, where ¢ is the time in
years and A is a positive constant.

On 1 January 2008, a biologist estimated that there were 700 fish in this lake.
(1) Taking 1 January 2008 as ¢ = 0, find the value of 4. (1 mark)

(1)) Hence find the year during which, according to this model, the number of fish in
this lake will first exceed 1900. (4 marks)

END OF QUESTIONS
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Answer all questions.

(b)

2 (a)
(b)
3 (a)
(b)

The polynomial f(x) is defined by f(x) = 4x3 — 7x — 3.
(i) Find f(-1). (1 mark)
(i) Use the Factor Theorem to show that 2x + 1 is a factor of f(x). (2 marks)

4¢3 —Tx -3

Rl 3 mark
222 + 3x + 1 (3 marks)

(i11) Simplify the algebraic fraction

The polynomial g(x) is defined by g(x) =4x3 —7x +d. When g(x) is divided
by 2x + 1, the remainder is 2. Find the value of d. (2 marks)

T
Express sinx — 3 cosx in the form Rsin(x — o), where R>0 and 0<a < 5 Give

your value of o in radians to two decimal places. (3 marks)
Hence:
(1) write down the minimum value of sinx — 3 cosx; (1 mark)

(i) find the value of x in the interval 0 <x <2n at which this minimum value occurs,
giving your value of x in radians to two decimal places. (2 marks)

2x+7
(1) Express s in the form A4 + , Wwhere 4 and B are integers. (2 marks)
x+2 x—+2
2x+7
(i1)) Hence find J s (2 marks)
x—+2
28 + 4x? P
(1) Express R 5 in the form + Q + 5, where P, O and
(1 +3x)(5—x) 1+3x 5-x (5-x)
R are constants. (5 marks)

28 4 4x?
(1+3x)(5 —x)?

(i1) Hence find J (4 marks)
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1

4 (a) (i) Find the binomial expansion of (1 —x)2 up to and including the term in x2.

(2 marks)

(i1)) Hence obtain the binomial expansion of /4 — x up to and including the term
in x2. (3 marks)

(b) Use your answer to part (a)(ii) to find an approximate value for v/3. Give your answer
to three decimal places. (2 marks)

5 (a) Express sin2x in terms of sinx and cosx. (1 mark)
(b) Solve the equation
S5sin2x +3cosx =0

giving all solutions in the interval 0° < x < 360° to the nearest 0.1°, where

appropriate. (4 marks)
(c) Given that sin2x + cos2x = 1 + sinx and sinx # 0, show that 2(cosx — sinx) = 1.
(4 marks)
6 A curve is defined by the equation x2y + 3 =2x + 1.
(a) Find the gradient of the curve at the point (2, 1). (6 marks)

(b) Show that the x-coordinate of any stationary point on this curve satisfies the equation

1
—=x+1 (4 marks)
X

Turn over for the next question

Turn over p
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dx 1
7 (a) A differential equation is given by @ — kte? , Where k is a positive constant.
t

(1) Solve the differential equation. (3 marks)

kt?
(1)) Hence, given that x = 6 when ¢ = 0, show that x = —21In (T + 63) .
(3 marks)

(b) The population of a colony of insects is decreasing according to the model

1
_'x . . . .
m = —kte? , where x thousands is the number of insects in the colony after time
t

¢t minutes. Initially, there were 6000 insects in the colony.

Given that £ = 0.004, find:

(1) the population of the colony after 10 minutes, giving your answer to the nearest
hundred; (2 marks)

(i) the time after which there will be no insects left in the colony, giving your answer
to the nearest 0.1 of a minute. (2 marks)

8 The points 4 and B have coordinates (2, 1, —1) and (3, 1, —2) respectively.
The angle OBA is 0, where O is the origin.

(@) (1) Find the vector AB . (2 marks)

5
(i1)) Show that cosf = ﬁ (4 marks)

(b) The point C is such that OC =20B . The line [/ is parallel to AB and passes through
the point C. Find a vector equation of /. (2 marks)

(c) The point D lies on / such that angle ODC = 90°. Find the coordinates of D.
(4 marks)

END OF QUESTIONS
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Answer all questions.

(b)

Use the Remainder Theorem to find the remainder when 3x3 + 8x2 — 3x — 5 is divided
by 3x—1. (2 marks)

3x3 +8x2 —3x—5
XT Ao il in the form ax2+bx+ ¢
3x—1 3x —1

are integers. (3 marks)

, Where a, b and ¢

Express

2 A curve is defined by the parametric equations

(@)

(b)
(c)

(b)

(©)

1 t+l
x:—’ = _—
A Y

d
Find ay in terms of . (4 marks)

Find an equation of the normal to the curve at the point where # = 1. (4 marks)
Show that the cartesian equation of the curve can be written in the form
2 _
x“=2xy+k=0

where k is an integer. (3 marks)

Find the binomial expansion of (1 — x)_1 up to and including the term in x2.
(2 marks)
} 3x—1 . B .
(1) Express in the form + , where 4 and B are integers.
(1 —x)(2 —3x) l—x 2-3x
(3 marks)
. . . : . 3x—1 . .
(i) Find the binomial expansion of up to and including the term
(I —x)(2 —3x)
in x2. (6 marks)
. . . . . 3x—1
Find the range of values of x for which the binomial expansion of
(I —x)(2 —3x)
is valid. (2 marks)
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4 A car depreciates in value according to the model

V = Ak’

where £V is the value of the car + months from when it was new, and 4 and k are constants.
Its value when new was £12 499 and 36 months later its value was £7000.

@ ()
(if)

Write down the value of A4. (1 mark)

Show that the value of & is 0.984 025, correct to six decimal places. (2 marks)

(b) The value of this car first dropped below £5000 during the nth month from new. Find
the value of n. (3 marks)

5 A curve is defined by the equation 4x2 + y2 =4 + 3xy.

Find the gradient at the point (1, 3) on this curve. (5 marks)

6 (a) (1) Show that the equation 3 cos2x + 7cosx + 5 = 0 can be written in the form
acos?x + bcosx + ¢ = 0, where a, b and ¢ are integers. (3 marks)
(i1)) Hence find the possible values of cosx. (2 marks)

(b) (i) Express 7sinf + 3 cos0 in the form Rsin(0 4 o), where R>0 and o is an

(i)

P15570/Jun09/MPC4

acute angle. Give your value of o to the nearest 0.1°. (3 marks)

Hence solve the equation 7sin@ + 3 cos) = 4 for all solutions in the interval
0° < 0 < 360°, giving 0 to the nearest 0.1°. (3 marks)

Given that f§ is an acute angle and that tan § = 21/2, show that cosf§ = %
(2 marks)

Hence show that sin2f = pv/2, where p is a rational number. (2 marks)

Turn over for the next question

Turn over p



PhysicsAndMathsTutor.com

4

7 The points 4 and B have coordinates (3, —2, 5) and (4, 0, 1) respectively.

The line /; has equation r = | =1 [ + 4| —1
(a) Find the distance between the points 4 and B. (2 marks)
(b) Verify that B lies on /;. (2 marks)
3 -1
(¢) The line /, passes through 4 and has equation r = | =2 | +u| 3
5 -8

The lines /; and /, intersect at the point C. Show that the points 4, B and C form an
isosceles triangle. (6 marks)

8 (a) Solve the differential equation

dx B 150 cos 2¢
dt  x

given that x =20 when ¢ = %, giving your solution in the form x2 = f(¢). (6 marks)

(b) The oscillations of a ‘baby bouncy cradle’ are modelled by the differential equation

dx 150 cos 2¢

e x
where x cm is the height of the cradle above its base ¢ seconds after the cradle begins to
oscillate.

. . . . T
Given that the cradle is 20 cm above its base at time ¢ = 1 seconds, find:

(1) the height of the cradle above its base 13 seconds after it starts oscillating, giving
your answer to the nearest millimetre; (2 marks)

(i1) the time at which the cradle will first be 11 cm above its base, giving your answer
to the nearest tenth of a second. (2 marks)

END OF QUESTIONS
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Answer all questions.

1 The polynomial f(x) is defined by f(x) = 15x> + 19x% — 4.

(a)

(b)

(b)

(©)

(b)

(i) Find f(-1). (1 mark)
(if) Show that (5x —2) is a factor of f(x). (2 marks)
Simplify

15x% — 6x
f(x)
giving your answer in a fully factorised form. (5 marks)

Express cosx + 3sinx in the form Rcos(x — o), where R>0 and O<oc<g. Give

your value of «, in radians, to three decimal places. (3 marks)

(1) Hence write down the minimum value of cosx + 3sinx. (1 mark)

(i1) Find the value of x in the interval 0 < x < 2m at which this minimum occurs,
giving your answer, in radians, to three decimal places. (2 marks)

Solve the equation cosx + 3sinx =2 in the interval 0 < x < 2n, giving all solutions,
in radians, to three decimal places. (4 marks)

1

(i) Find the binomial expansion of (1 +x) 3 up to and including the term in x2.

(2 marks)

1

(i1)) Hence find the binomial expansion of (1 + %x) : up to and including the term

in x?. (2 marks)
3 6 ) .
Hence show that 453 ~ a + bx + cx* for small values of x, stating the values of
X
the constants a, b and c. (3 marks)
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10x2 + 8 B
4 The expression ot lx) (5—; Y can be written in the form 2 —i—x 1 + w1’ where A
and B are constants.
(a) Find the values of 4 and B. (4 marks)
10x2 + 8
(b) Hence find J il (4 marks)
(x+1)(5x—1)
5 A curve is defined by the equation
4xy=¢’
Find the gradient at the point (—1, 0) on this curve. (5 marks)
6 (a) (i) Express sin20 and cos260 in terms of sinf and cos6. (2 marks)

3 24
(i) Given that 0<0 <g and cosf = 3 show that sin20 = 75 and find the value

of cos20. (2 marks)

(b) A curve has parametric equations

x =3sin20, y=4cos20
) .o dy |
(1) Find o in terms of 6. (3 marks)
3
(i) At the point P on the curve, cosl = 3 and 0<0< g Find an equation of the

tangent to the curve at the point P. (3 marks)

d 1
7 Solve the differential equation Y " cos (E) , given that y = 1 when x = r
dx y 3 2

Write your answer in the form y2 = f(x). (6 marks)

Turn over for the next question

Turn over p
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8 The points 4, B and C have coordinates (2, —1, —5), (0, 5, —9) and (9, 2, 3)

respectively.
2 1
The line / has equation r = | —1 | + 4| =3
-5 2
(a) Verify that the point B lies on the line /. (2 marks)
. —_—
(b) Find the vector BC. (2 marks)

—

(c) The point D is such that AD = 2BC .
(i) Show that D has coordinates (20, —7, 19). (2 marks)

(ii) The point P lies on / where 4 = p. The line PD is perpendicular to /. Find the
value of p. (5 marks)

9 A botanist is investigating the rate of growth of a certain species of toadstool. She observes
that a particular toadstool of this type has a height of 57 millimetres at a time 12 hours after
it begins to grow.

_1
She proposes the model 7 = A4 (1 —e 4t) , where A is a constant, for the height

h millimetres of the toadstool, ¢ hours after it begins to grow.

(a) Use this model to:
(1) find the height of the toadstool when ¢ = 0; (1 mark)

(i1)) show that 4 = 60, correct to two significant figures. (2 marks)
1,
(b) Use the model 4 = 60(1 —c 4 ) to:

(1) show that the time 7 hours for the toadstool to grow to a height of 48 millimetres

is given by
T'=alnb
where a and b are integers; (3 marks)
dh h
(i1)) show that 4 =15— Z; (3 marks)
t

(i11) find the height of the toadstool when it is growing at a rate of 13 millimetres
per hour. (1 mark)

END OF QUESTIONS
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1 (a) The polynomial f(x) is defined by f(x) = 8x> + 6x2 — 14x — 1.
Find the remainder when f(x) is divided by (4x —1). (2 marks)
(b) The polynomial g(x) is defined by g(x) = 8x> + 6x2 — l4x +d.
(i) Given that (4x — 1) is a factor of g(x), find the value of the constant d. (2 marks)
(ii) Given that g(x) = (4x — 1)(ax? 4 bx + ¢), find the values of the integers a, b and c.
(3 marks)
2 A curve is defined by the parametric equations
x=1-3t, y=1+2¢
. dy |
(a) Find 0 in terms of ¢. (3 marks)
(b) Find an equation of the normal to the curve at the point where ¢t = 1. (4 marks)
(c) Find a cartesian equation of the curve. (2 marks)
Tx —3 A B
3 i) E in the f . 3 k.
(a) (i) Express G+ 1)0Bx—2) in the Ormx+1+3x—2 (3 marks)
Tx —3
(ii) Hence find J(x T lx)(3x gy (2 marks)
6x2 2 R
(b) Express ﬁ in the form P + bch——tﬁ—l (3 marks)
3
4 (a) (i) Find the binomial expansion of (1 +x)2 up to and including the term in x2.
(2 marks)

(b)

(ii)

3
Find the binomial expansion of (16 4 9x)2 up to and including the term in x?.
(3 marks)

3
Use your answer to part (a)(ii) to show that 132 ~ 46 +g , stating the values of the

integers a and b. (2 marks)

P28271/Jun10/MPC4
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Show that the equation 3 cos2x 4 2sinx + 1 = 0 can be written in the form
3sin’x —sinx —2 =0 (3 marks)

Hence, given that 3 cos2x + 2sinx + 1 = 0, find the possible values of sinx.

(2 marks)
Express 3 cos2x + 2sin2x in the form Rcos(2x — o), where R > 0 and
0° < o < 90°, giving o to the nearest 0.1°. (3 marks)
Hence solve the equation
3cos2x +2sin2x+1 =0
for all solutions in the interval 0° < x < 180°, giving x to the nearest 0.1°.
(3 marks)

6 A curve has equation x3y + cos(ny) = 7.
(a) Find the exact value of the x-coordinate at the point on the curve where y = 1.
(2 marks)
(b) Find the gradient of the curve at the point where y = 1. (5 marks)
7 The point A4 has coordinates (4, —3, 2).
4 2
The line /; passes through 4 and has equation r= | _3 | + 4|0
2 1
—1 1
The line /, has equation r = 3 +u| =2
4 -1
The point B lies on /; where yu =2.
(a) Find the vector AB . (3 marks)
(b) (i) Show that the lines /; and /, intersect. (4 marks)
(ii) The lines /; and /, intersect at the point P. Find the coordinates of P. (1 mark)

(c)

The point C lies on a line which is parallel to /; and which passes through the
point B. The points 4, B, C and P are the vertices of a parallelogram.

Find the coordinates of the two possible positions of the point C. (4 marks)

Turn over »
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Solve the differential equation
o Lerp
— = ——(x
dt 5
given that x = 80 when ¢ = 0. Give your answer in the form x = f(¢). (6 marks)

A fungus is spreading on the surface of a wall. The proportion of the wall that is
unaffected after time ¢ hours is x%. The rate of change of x is modelled by the
differential equation

dr _
dr

1
g(x—{— 1)2

At ¢t =0, the proportion of the wall that is unaffected is 80%. Find the proportion
of the wall that will still be unaffected after 60 hours. (2 marks)

A biologist proposes an alternative model for the rate at which the fungus is
spreading on the wall. The total surface area of the wall is 9m?. The surface area
that is affected at time ¢ hours is A m®. The biologist proposes that the rate of
change of A4 is proportional to the product of the surface area that is affected and the
surface area that is unaffected.

Write down a differential equation for this model.

(You are not required to solve your differential equation.) (2 marks)

A solution of the differential equation for this model is given by

_ 9
1 + 4¢—0.09¢

Find the time taken for 50% of the area of the wall to be affected. Give your answer
in hours to three significant figures. (4 marks)

END OF QUESTIONS
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Answer all questions in the spaces provided.

1 (a) Express 2sinx + 5cosx in the form Rsin(x 4 o), where R > 0 and 0° < o < 90°.
Give your value of « to the nearest 0.1°. (3 marks)

(b) (i) Write down the maximum value of 2sinx + 5cosx. (1 mark)

(ii) Find the value of x in the interval 0° < x < 360° at which this maximum occurs,
giving the value of x to the nearest 0.1°. (2 marks)
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2 (a) The polynomial f(x) is defined by f(x) = 9x> 4 18x% —x — 2.

(b) When the polynomial 9x3 + px? —x — 2 is divided by 3x — 2, the remainder is —4.

(i) Use the Factor Theorem to show that 3x + 1 is a factor of f(x). (2 marks)

(i) Express f(x) as a product of three linear factors. (3 marks)

9x3 + 21x2 + 6x
f(x) '

(iii) Simplify (3 marks)

Find the value of the constant p. (2 marks)
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3+9 . A B )
3 (a) Express (0 +x)4£3 j_ 5 in the form T x + 3T 5y where 4 and B are integers.
(3 marks)
. . . . 349
(b) Hence, or otherwise, find the binomial expansion of up to and
(1 +x)(3+ 5x)
including the term in x2. (7 marks)
. . . . ) 349
(c) Find the range of values of x for which the binomial expansion of is
(1 +x)(3 + 5x)
valid. (2 marks)
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4 A curve is defined by the parametric equations
x=3¢/, y=eX—e ¥
(a) (i) Find the gradient of the curve at the point where ¢t = 0. (3 marks)
(ii) Find an equation of the tangent to the curve at the point where ¢t = 0. (1 mark)
(b) Show that the cartesian equation of the curve can be written in the form
2k
VST
where k is an integer. (2 marks)
auEsTION
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5 A model for the radioactive decay of a form of iodine is given by
m = my 2_%t

The mass of the iodine after ¢ days is m grams. Its initial mass is m grams.
(a) Use the given model to find the mass that remains after 10 grams of this form of

iodine have decayed for 14 days, giving your answer to the nearest gram. (2 marks)
(b) A mass of m( grams of this form of iodine decays to T—g grams in d days.

Find the value of d. (2 marks)
(c) After n days, a mass of this form of iodine has decayed to less than 1% of its initial

mass.

Find the minimum integer value of n. (3 marks)

10
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6 (a) (i) Given that tan2x + tanx = 0, show that tanx = 0 or tanx = 3. (3 marks)

(1 mark)
(b) (i) Given that cosx # 0, show that the equation
sin 2x = cosx cos 2x
can be written in the form
2sinx 4 2sinx — 1 =0 (3 marks)

(ii) Hence find all solutions of tan2x + tanx = 0 in the interval 0° < x < 180°.

(ii) Show that all solutions of the equation 2 sinx + 2sinx — 1 =0 are given by

sinx = , where p is an integer. (3 marks)
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dx t
7 (a) (i) Solve the differential equation & = 4/xsin (§> to find x in terms of z. (3 marks)

(b) The height, x metres, above the ground of a car in a fairground ride at time ¢ seconds

(ii) Given that x =1 when ¢ = 0, show that the solution can be written as
_ 2
x = (a — cos bt)
where a and b are constants to be found. (3 marks)

is modelled by the differential equation % = 4/xsin (é) .

The car is 1 metre above the ground when ¢ =0.

(i) Find the greatest height above the ground reached by the car during the ride.
(2 marks)

(ii) Find the value of # when the car is first 5 metres above the ground, giving your
answer to one decimal place. (2 marks)
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8 The coordinates of the points 4 and B are (3, —2, 4) and (6, 0, 3) respectively.
3 2
The line /; has equation r = | —_2 | + 4| —1
4 3
(a) (i) Find the vector 4B . (2 marks)
(ii) Calculate the acute angle between AB and the line /1, giving your answer to the
nearest 0.1°. (4 marks)
(b) The point D lies on /; where 4 =2. The line /, passes through D and is parallel
to AB.
(i) Find a vector equation of line /, with parameter u . (2 marks)
(ii) The diagram shows a symmetrical trapezium ABCD, with angle DAB equal to
angle ABC.
line /,
D / C  line ],
A B
The point C lies on line /,. The length of 4D is equal to the length of BC.
Find the coordinates of C. (6 marks)
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1 The polynomial f(x) is defined by f(x) = 4x> — 13x+6.
(a) Find f(-2). (1 mark)
(b) Use the Factor Theorem to show that 2x — 3 is a factor of f(x). (2 marks)
22 4x—6
(c) Simplify ————— (4 marks)
f(x)
2 The average weekly pay of a footballer at a certain club was £80 on 1 August 1960.

(a) (i)
(ii)
(b)

By 1 August 1985, this had risen to £2000 .
The average weekly pay of a footballer at this club can be modelled by the equation
P = Ak'

where £P is the average weekly pay ¢ years after 1 August 1960, and A4 and & are
constants.

Write down the value of A4. (1 mark)
Show that the value of & is 1.137411, correct to six decimal places. (2 marks)

Use this model to predict the year in which, on 1 August, the average weekly pay of
a footballer at this club will first exceed £100000. (3 marks)

3 (a) (i)

(ii)

(b)

02

—_

Find the binomial expansion of (1 — x)3 up to and including the term in x2 .
(2 marks)
Hence, or otherwise, show that
% m n_2
(125 -27x)" = 5 +Ex+ﬁx
for small values of x, stating the values of the integers m and n. (3 marks)

Use your result from part (a)(ii) to find an approximate value of V119, giving your
answer to five decimal places. (2 marks)
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4 (a) A curve is defined by the parametric equations x = 3 cos260, y =2cosf.
(i) Show that dy : here k is an integer (4 ks)
W — = , W : marks
dx kcos0 8
(ii) Find an equation of the normal to the curve at the point where 0 = g (4 marks)
%
(b) Find the exact value of J sin? xdx. (5 marks)
i
s
5 The points 4 and B have coordinates (5, 1, —2) and (4, —1, 3) respectively.
-8 5
The line / has equation r = 50+u] o0
—6 -2
(a) Find a vector equation of the line that passes through 4 and B. (3 marks)
(b) (i) Show that the line that passes through 4 and B intersects the line /, and find the
coordinates of the point of intersection, P. (4 marks)
(ii) The point C lies on / such that triangle PBC has a right angle at B. Find the
coordinates of C. (5 marks)
6 A curve is defined by the equation 2y + e*y2 = x2 + C, where C is a constant.

(a)

(b)

(c)

03

1
The point P(l, —) lies on the curve.
e

Find the exact value of C. (1 mark)
) . dy .
Find an expression for i in terms of x and y. (7 marks)
. 1y . : .
Verify that P(l, —) is a stationary point on the curve. (2 marks)
e

Turn over »
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7 A giant snowball is melting. The snowball can be modelled as a sphere whose
surface area is decreasing at a constant rate with respect to time. The surface area of
the sphere is 4 cm? at time ¢ days after it begins to melt.
(a) Write down a differential equation in terms of the variables 4 and ¢ and a constant £,
where k& > 0, to model the melting snowball. (2 marks)
(b) (i) Initially, the radius of the snowball is 60 cm, and 9 days later, the radius has halved.
Show that 4 = 12007 (12 —¢).
(You may assume that the surface area of a sphere is given by 4 = 4nr?, where r is
the radius.) (4 marks)
(ii) Use this model to find the number of days that it takes the snowball to melt
completely. (1 mark)
1 A B C
8 (a) Express 5 in the form + + 5 - (4 marks)
(3—-2x)(1 —x) 3-2x 1-x (1—x)
(b) Solve the differential equation

b 2
dx (3 —2x)(1 —x)?

where y = 0 when x = 0, expressing your answer in the form

X

yP = qIn[f(x)] + 17—

where p and ¢ are constants. (9 marks)

END OF QUESTIONS
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2x+3 A B
1 (a) Express 4;2% in the form o + il where 4 and B are integers. (3 marks)
12x3 — 7x — 6 D(2x +3
(b) Express ey 7o in the form Cx + M, where C and D are integers.
4x2 — 1 4x2 — 1
(3 marks)
212x3 —7x—6 .. .
valuate | ——————— dx, giving your answer in the form nq, where p an
(c) Evaluat Y dx, giving y the f p +Ing, where p and
1 Xs —
g are rational numbers. (5 marks)
2 Angle o is acute and coso = % Angle f is obtuse and sinff = %
(a) (i) Find the value of tan« as a fraction. (1 mark)
(ii) Find the value of tan f in surd form. (2 marks)
my3 —n .
(b) Hence show that tan(o 4+ f) = ——=——, where m and n are integers. (3 marks)
n\/§ +m
2
3 (a) Find the binomial expansion of (1 + 6x)3 up to and including the term in x2.
(2 marks)
2
(b) Find the binomial expansion of (8 4 6x)3 up to and including the term in x2.
(3 marks)

(c)

02

Use your answer from part (b) to find an estimate for /100 in the form %, where
a and b are integers. (2 marks)
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4 A scientist is testing models for the growth and decay of colonies of bacteria.
L
For a particular colony, which is growing, the model is P = Ae® , where P is the
number of bacteria after a time ¢ minutes and A4 is a constant.

(a) This growing colony consists initially of 500 bacteria. Calculate the number of
bacteria, according to the model, after one hour. Give your answer to the nearest
thousand. (2 marks)

1,

(b) For a second colony, which is decaying, the model is O = 500000e 8 , where Q is
the number of bacteria after a time ¢ minutes.

Initially, the growing colony has 500 bacteria and, at the same time, the decaying

colony has 500000 bacteria.
(i) Find the time at which the populations of the two colonies will be equal, giving your

answer to the nearest 0.1 of a minute. (3 marks)
(ii) The population of the growing colony will exceed that of the decaying colony by

45000 bacteria at time 7 minutes.

Show that

17\? 1y
<68 > — 90e® —1000=0
and hence find the value of 7, giving your answer to one decimal place. (4 marks)
5 A curve is defined by the parametric equations

(a)

(b) (i)

(ii)

03

2 3

_t’ y:;

x = 8¢

Show that the cartesian equation of the curve can be written as xy? + 3y = k, stating
the value of the integer & . (2 marks)

Find an equation of the tangent to the curve at the point P, where ¢ = % (7 marks)

Verify that the tangent at P intersects the curve when x = 3

5 (2 marks)

Turn over »
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6 (a) Use the Factor Theorem to show that 4x — 3 is a factor of
16x> + 11x — 15 (2 marks)
(b) Given that x = cos 6, show that the equation
27cos B cos20 + 19sinfsin260 — 15 =0
can be written in the form
16x> +11x—15=0 (4 marks)
(c) Hence show that the only solutions of the equation
27cosBcos20 + 19sinfsin20 — 15 =0
are given by cosf = % (4 marks)
7 Solve the differential equation
d
Y y2x sin 3x
. T ) . 9
given that y =1 when x = r Give your answer in the form y = ﬂ (9 marks)
X
8 The points 4 and B have coordinates (4, —2, 3) and (2, 0, —1) respectively.
4 1
The line / passes through 4 and has equation r= | —2 | + 4| 5
3 -2
(a) (i) Find the vector 4B . (2 marks)
(ii) Find the acute angle between AB and the line /, giving your answer to the nearest

(b)

0 4

degree. (4 marks)
The point C lies on the line / such that the angle ABC is a right angle. Given that
ABCD is a rectangle, find the coordinates of the point D. (6 marks)

Copyright © 2012 AQA and its licensors. All rights reserved.
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2
5x—6 B
Express al in the form — + . (2 marks)
x(x —3) x x—3
5x—6
Find J al dx. (2 marks)
x(x —3)
Given that
43 +5x—2=(2x+ 1)(2x2 +px +q) +r
find the values of the constants p, ¢ and r. (4 marks)
4x3 4 5x -2
Find J% dx. (3 marks)

2 (a) Express sinx — 3 cosx in the form Rsin(x — o), where R > 0 and 0° < o < 90°,
giving your value of o to the nearest 0.1°. (3 marks)
(b) Hence find the values of x in the interval 0° < x < 360° for which
sinx —3cosx+2=0
giving your values of x to the nearest degree. (4 marks)
1
3 (a) Find the binomial expansion of (1 +4x)2 up to and including the term in x?.
(2 marks)
1
2

(b) (i)
(ii)

(c)

02

Find the binomial expansion of (4 —x) 2 up to and including the term in x?.
(3 marks)

State the range of values of x for which the expansion in part (b)(i) is valid. (I mark)

1+4
R up to and including the term in x?.

(2 marks)

Find the binomial expansion of

P50339/Jun12/MPC4



PhysicsAndMathsTutor.com

3
4 The value, £V, of an initial investment, £P, at the end of n years is given by the
formula
v=p(1+--)"
=P(1+15)
where 7% per year is the fixed interest rate.
Mr Brown invests £1000 in Barcelona Bank at a fixed interest rate of 3% per year.
(a) (i) Find the value of Mr Brown’s investment at the end of 5 years. Give your value to
the nearest £10. (1 mark)
(ii) The value of Mr Brown’s investment will first exceed £2000 after N complete years.
Find the value of N. (3 marks)
(b) Mrs White invests £1500 in Bilbao Bank at a fixed interest rate of 1.5% per year.
Mr Brown and Mrs White invest their money at the same time. The value of
Mr Brown’s investment will first exceed the value of Mrs White’s investment after 7
complete years.
Find the value of 7. (4 marks)
5 A curve is defined by the parametric equations
x=2cos0, y = 3sin20
(@) (i) Show that
d
& _ 4sing + b cosec 0
where a and b are integers. (4 marks)
T
(ii) Find the gradient of the normal to the curve at the point where 0 = ra (2 marks)
(b) Show that the cartesian equation of the curve can be expressed as
y?=px*(4—x?)
where p is a rational number. (3 marks)
6 A curve is defined by the equation 9x% — 6xy + 4y? = 3.

03

Find the coordinates of the two stationary points of this curve. (8 marks)
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7 The line /; has equation r = | —2 | +4| (|, where ¢ is an integer.
L 9 —1
The line /, has equation r = |3 | +u |5
L5 4
The lines /; and /, intersect at the point P.
(a) Show that ¢ =4 and find the coordinates of P. (3 marks)
(b) Show that /; and /, are perpendicular. (1 mark)
(c) The point 4 lies on the line /; where 4 =1.
(i) Find AP2. (2 marks)
(ii) The point B lies on the line /, so that the right-angled triangle APB is isosceles.
Find the coordinates of the two possible positions of B. (6 marks)
8 (a) A water tank has a height of 2 metres. The depth of the water in the tank is
h metres at time ¢ minutes after water begins to enter the tank. The rate at which the
depth of the water in the tank increases is proportional to the difference between the
height of the tank and the depth of the water.
Write down a differential equation in the variables / and ¢ and a positive constant £.
(You are not required to solve your differential equation.) (3 marks)
(b) (i) Another water tank is filling in such a way that # minutes after the water is turned
on, the depth of the water, x metres, increases according to the differential equation
de 1
dr 15xv2x —1
The depth of the water is 1 metre when the water is first turned on.
Solve this differential equation to find ¢ as a function of x. (8 marks)
(ii) Calculate the time taken for the depth of the water in the tank to reach 2 metres,

giving your answer to the nearest 0.1 of a minute. (1 mark)

Copyright © 2012 AQA and its licensors. All rights reserved.
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1 The polynomial f(x) is defined by f(x) = 2x3 +x? — 8x — 7.
(a) Use the Remainder Theorem to find the remainder when f(x) is divided by (2x+1).
(2 marks)
(b) The polynomial g(x) is defined by g(x) = f(x) 4+ d, where d is a constant.
(i) Given that (2x + 1) is a factor of g(x), show that g(x) = 2x> + x? — 8x — 4.
(1 mark)
(i) Given that g(x) can be written as g(x) = (2x + 1)(x? 4+ a), where « is an integer,
express g(x) as a product of three linear factors. (1 mark)
: g(x) .9 .
(iii) Hence, or otherwise, show that > = p + —, where p and ¢ are integers.
2x3 —3x2 —2x X
(3 marks)
Tx —1
2 It is given that f(x) = :
is given that f(x) 0530902
. A B .
(a) Express f(x) in the form 3 + T3 where 4 and B are integers. (3 marks)
—X x

(b) (i)

(ii)

Find the first three terms of the binomial expansion of f(x) in the form a + bx + cx?,
where a, b and c¢ are rational numbers. (7 marks)

State why the binomial expansion cannot be expected to give a good approximation to
f(x) at x =04. (1 mark)

3 (a) (i)

(i)

(b) (i)
(ii)

02

Express 3 cosx + 2sinx in the form Rcos(x — o), where R > 0 and 0° < o < 90°,
giving your value of o to the nearest 0.1°. (3 marks)

Hence find the minimum value of 3 cosx + 2sinx and the value of x in the interval
0° < x < 360° where the minimum occurs. Give your value of x to the nearest 0.1°.

(3 marks)
Show that cotx — sin2x = cotxcos2x for 0° < x < 180°. (3 marks)
Hence, or otherwise, solve the equation
cotx —sin2x =0
in the interval 0° < x < 180°. (3 marks)
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4 (a) A curve is defined by the equation x2 — y% = 8.
(i) Show that at any point (p, ¢) on the curve, where g # 0, the gradient of the curve is
d
given by Y_P (2 marks)
dx ¢
(i) Show that the tangents at the points (p, ¢) and (p, —¢g) intersect on the x-axis.
(4 marks)
(b) Show that x = ¢+ V= t— n are parametric equations of the curve x* —y< =8§.
(2 marks)
5 (a) Find Jx\/xz +3dx. (2 marks)
(b) Solve the differential equation
dy  xvVx2+43
dx ¥
given that y = 0 when x = 1. Give your answer in the form y = f(x). (7 marks)
6 (a) The points 4, B and C have coordinates (3, 1, —6), (5, —2, 0) and (8, —4, —6)
respectively.
— — 1
(i) Show that the vector AC is given by AC =n| —1 |, where n is an integer.
0
(1 mark)
. . 1 (5V2
(ii) Show that the acute angle ACB is given by cos 1) (4 marks)
(b) Find a vector equation of the line AC. (2 marks)
(c) The point D has coordinates (6, —1, p). It is given that the lines AC and BD
intersect.
(i) Find the value of p. (4 marks)
(ii) Show that ABCD is a rhombus, and state the length of each of its sides. (4 marks)

03

Turn over »

P56734/Jan13/MPC4



PhysicsAndMathsTutor.com

4
7 A biologist is investigating the growth of a population of a species of rodent. The
biologist proposes the model
500
N=——
1+9 8

for the number of rodents, N, in the population ¢ weeks after the start of the
investigation.

Use this model to answer the following questions.
(a) (i) Find the size of the population at the start of the investigation. (1 mark)

(ii) Find the size of the population 24 weeks after the start of the investigation. Give
your answer to the nearest whole number. (1 mark)

(iii) Find the number of weeks that it will take the population to reach 400. Give your
answer in the form ¢ = rIns, where » and s are integers. (3 marks)

(b) (i) Show that the rate of growth, %, is given by

dN N

4000 (500 — N) (4 marks)

(ii) The maximum rate of growth occurs after 7 weeks. Find the value of 7. (4 marks)
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2
5-8 A B
1 (a) (i) Express Zra )i ) in the form T x + 35’ where 4 and B are integers.
(3 marks)
(ii) Hence show that JO S-S dx In2, where p is rational (4 ks)
A4 = , W . marks
L2 n-3) P P
9 — 18x — 6x°2 5-8
(b) (i) Given that ;xz can be written as C + —xz, find the value of C.
2 —5x—3x 2 —5x—3x

(1 mark)

(ii) Hence find the exact value of the area of the region bounded by the curve

9 — 18x — 6x°2
y= #, the x-axis and the lines x = —1 and x =0.
2 — 5x — 3x2
You may assume that y > 0 when —1 <x <0. (2 marks)
2 The acute angles o and f are given by tano = % and tanff = %
5

(a) (i) Show that sina = %, and find the exact value of cosa . (2 marks)
(ii) Hence find the exact value of sin2o . (2 marks)

(b) Show that the exact value of cos(x — f§) can be expressed as %(k +/5), where k

is an integer. (4 marks)
_1
3 (a) Find the binomial expansion of (14 6x) 3 up to and including the term in x2.
(2 marks)

_1
(b) (i) Find the binomial expansion of (27 + 6x) 3 up to and including the term in x2,

simplifying the coefficients. (3 marks)

2 2
(ii) Given that i/; = f/—fg’ use your binomial expansion from part (b)(i) to obtain an

2
approximation to i/;, giving your answer to six decimal places. (2 marks)
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3
4 A curve is defined by the parametric equations x = 8¢~ — 4, y = 2¢* + 4.
.o dy |
(a) Find o in terms of ¢. (3 marks)
(b) The point P, where ¢t = In2, lies on the curve.
(i) Find the gradient of the curve at P. (1 mark)
(ii) Find the coordinates of P. (2 marks)
(iii) The normal at P crosses the x-axis at the point Q. Find the coordinates of Q.
(3 marks)
(c) Find the Cartesian equation of the curve in the form xy + 4y — 4x = k, where £ is an
integer. (3 marks)
5 The polynomial f(x) is defined by f(x) = 4x> — 11x — 3.

(a)
(b)

(c) (i)

(ii)

03

Use the Factor Theorem to show that (2x + 3) is a factor of f(x). (2 marks)

Write f(x) in the form (2x + 3)(ax? + bx + ¢), where a, b and c are integers.
(2 marks)

Show that the equation 2 cos26sinf +9sinf + 3 = 0 can be written as
4x3 — 11x —3 =0, where x = sin0. (3 marks)

Hence find all solutions of the equation 2cos20sin0 + 9sin0 + 3 = 0 in the
interval 0° < 0 < 360°, giving your solutions to the nearest degree. (4 marks)

Turn over »
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4
6 The points 4, B and C have coordinates (3, —2, 4), (1, —5, 6) and (—4, 5, —1)
respectively.
3 7
The line / passes through 4 and has equation r = | =2 |+ 4| =7 |.
4 5
(a) Show that the point C lies on the line /. (2 marks)
(b) Find a vector equation of the line that passes through points 4 and B. (3 marks)
(c) The point D lies on the line through 4 and B such that the angle CDA is a right angle.
Find the coordinates of D. (5 marks)
(d) The point £ lies on the line through 4 and B such that the area of triangle ACE is
three times the area of triangle ACD.
Find the coordinates of the two possible positions of E. (4 marks)
7 The height of the tide in a certain harbour is # metres at time ¢ hours. Successive
high tides occur every 12 hours.
The rate of change of the height of the tide can be modelled by a function of the
form acos(kt), where a and k are constants. The largest value of this rate of change
is 1.3 metres per hour.
Write down a differential equation in the variables 4 and ¢. State the values of the
constants a and k. (3 marks)
) T
8 (a) Find Jtcos <Z t> dr. (4 marks)
(b) The platform of a theme park ride oscillates vertically. For the first 75 seconds of

0 4

the ride,
T
dy fcos (Z t)
dt 32x
where x metres is the height of the platform above the ground after time ¢ seconds.
At t = 0, the height of the platform above the ground is 4 metres.

Find the height of the platform after 45 seconds, giving your answer to the nearest
centimetre. (6 marks)
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