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1. The transformation P is an enlargement, centre the origin, with scale factor k, where k > 0
The transformation Q is a rotation through angle & degrees anticlockwise about the origin.

The transformation P followed by the transformation Q is represented by the matrix

- NG
43 -4
(a) Determine
(i) the value of k,

(ii) the smallest value of 9

(4)

A square S has vertices at the points with coordinates (0, 0), (a, —a), (2a, 0) and (a, a)
where a is a constant.

The square S is transformed to the square S’ by the transformation represented by M.

(b) Determine, in terms of a, the area of S’
()
i ' = M

det M= -y-u) - (4T Y-ugz) = 64 ()

3 k=l
k= @

1

> P

2 )

R
(8 ©)
Lo

QP=[coso ~sino)/ 8 O\ _/-y -u3)

Lsin® cosb O 2 J LqJ% -y

(1)  YeosB=-Y Ys1ab = YUz

(})

wsh=-1/2 () sind = 3
0 = 120,240 2

0= 40,120

B mosk be common ko ok
salublon sets, so0 ©:=120. @
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Question 1 continued
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 6 marks)
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2. (a) Use the Maclaurin series expansion for cos x to determine the series expansion of

X). . . . .
cos’ 3 in ascending powers of x, up to and including the term in x*

Give each term in simplest form.

(2)

(b) Use the answer to part (a) and calculus to find an approximation, to 5 decimal places, for

a

lcos2 2 dx
3

ol

(c) Use the integration function on your calculator to evaluate

E
2

lcos2 2 dx
X 3

ol

Give your answer to 5 decimal places.

(d) Assuming that the calculator answer in part (c) is accurate to 5 decimal places,
comment on the accuracy of the approximation found in part (b).

3)

1)

1)

&) expaasipn of cosx = | =Xt ex? o
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 7 marks)
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3. The cubic equation
ax’+bx*—19x-b =0

where a and b are constants, has roots «, £ and y

The cubic equation
w—9w?-97w+c=0

where c is a constant, has roots (4a — 1), (45 —1) and (4y — 1)

Without solving either cubic equation, determine the value of a, the value of b and the
value of c.

new suime:

(6)

G(oep+8) -3=9

o(+',§+5 =3

new Poir sum:
‘Qo\m 3ecand_culic,

(Ue-1) 4g=1) + (Ug=1LqB-1) + (43-1 X Ya=)) = -97

[L(2xg +A8 +Fox) -3 (x+f+¥) +3=-9% ()

ag +BY + I = =100+ §(3)_= ~19
' 16 q

N\

Qi XA + A% + Jox = 'ﬂw,. ‘_'ﬂ =-~19 sa-=-y @
~7 o o Iy b=_|g

New Produnce

from second cosic, (Y-t UB-1NUY-1) =-c

(Y116 88 -4 4¥ «1) ==
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 6 marks)
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4. (i) AlisaZ2by 2 matrix and B is a 2 by 3 matrix.
Giving a reason for your answer, explain whether it is possible to evaluate
(@) AB
(b) A+B
)
(ii) Given that

-5 3 1)( O 5 0
a 0 0f 2 12 —-1]|=]I
b a b)\-1 -11 3

where a, b and A are constants,

(a) determine
» the value of 1
* the value of a
» the value of b
-5 3 1

(b) Hence deduce the inverse of the matrix [ ¢ 0 0
b a b (3)

(i) Given that

1 1 1
M=[0 sinfd cosé where0 <0< rx
0 cos26 sin20

determine the values of # for which the matrix M is singular.
(4)
i) o ' i numb 0 Ax A

madehes Bhe awbecr oécmﬁ_a(’-_matux_ﬂ_Q—'

-
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-\
N

14

P 6 6 7 9 6 A0 1 4 3 6

PMT!

SLRRK
LR
Joteotetess

%
::oto’o‘
<
}
o

o
'
[
v
SIS

KGRI A
R ISAN
LRI
LN
sravededs
e

J
o’

06
XL
Patee!
ETH
Lot

%
%
f‘
S
030

Ca
>4
IS

R
%7
’ \J-
02019

NSt tete
e

QG ICIIIIIIIHHIIIIAIA

05
505K
X %
et
2!

ERLEIKLIKLAL
K RCIKIERIIKIE LI R IR IIRIK KK

R RAIR KKK RLR LK KKAR

o:e 0
%o TS
KIS
PNz 9%
SCPRR








PhysicsAndMathsTutor.com PMT

<

R
RSB
000

3
X AKX
X ICK K
<
5
X

N
Sosesesed
QKKK
KK

LR

%
SERRRKR

%%
<

X

Question 4 continued

<K
<X
5

RS
o
S
%3
(G
5

25

Q0

BRI
"
i,

%%
KK

<
QL

665
RS

b
S

99 %
o
=y
250

0)  fiom top e entry: ~5(0) +3(2) +1(-1) = X
J A - 5 @

Lrom centre entu: o (5)+ O((Z) +0(-1l) = \=5
J
So =5
o= |
from logtbom rignc entry : b(0) +a.(-1) + (3

2b -

O
batoesetets
ISR
LA
soselee?
RLRK

Speteeie’s
Vo B
4555

QOO
)
> "\
o%¢
4

%
5%
2etelotet

K

\

)

"
3

5

%
X X
RS
QGRS
RS

0090

X SRR
SRR
KHLES

XK

5%

0

'S
005
58

K

<55
9%,

0

u

A
=S
b=2 ()

4

%3?
BEE5

<
S
bose%s

X8
2
5

0
0559
KR
<o
oo
K5

<
S
bose%s

X8
29

QOO
SRELRS
X
<50
555
tttete?

<

otetete%s

RS

e e
SRS
585

K
S
oo%e%

%
SRR
XK
RSKKL

RS

:
8
=
=
l\—

Inverse matex = | 0O 5 0\
\-l -1l 3

IR LRRKLR,
SSELRRKESS

%
CRIIIEARIKIHRK

<
35?\.$'
o0 J
2

5%

CERREHAR

KL ’o

%
X

2R
UK

QLY

R

S
Ko

AR
SR ARKLK

0>
RS
0%l
%!
SR
s
RRRIELRLLRRIERS

when detEM =0

(X
5K
XY
0SS
%
<
K

000
53R
BB
SRS
5K
KRR
85

%
<

06
KKK
XX

5

5555
55

@

25
K
poseds

sin® s [-1]10 cos® [+1]0 sinb
052020 0 sin?d O 20

<X

RRELRLS
RS
A
BT SS
%

O = snBsin?B - cosbcos2B -1 (0) +1(0)
O = cos36 (V) 0<B6<T — 0<£3p<43m

%Q:Tl';%‘n'l_?m‘ =)9=1TI_TI' STI‘(D
2 "2 T 2 6 "2 ¢

GRS
‘fggf Qﬁ:;gﬁ 'A?
< B

SOLOTNOSINL. S0 NN 4

X e $0RS

%
doSete!
delelele!

s

o2}
o todeteds

KL
KKK

LKL
SRS
ZRLRRLRKLLS

LRKLHEK

OIS
oo

80908

S

!

050598

%
0%
o%
X2
0%
%
b

15

VD 00 D O A —
Turn over »
P 6 6 7 9 6 A0 1 5 3 6 urnove











PhysicsAndMathsTutor.com
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Question 4 continued

(Total for Question 4 is 9 marks)
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5. (i) Evaluate the improper integral

(if) The air temperature, 6°C, on a particular day in London is modelled by the equation

0=8-5sin| =+ |-cos| Z¢ 0<t<24
12 6

where t is the number of hours after midnight.

(@) Use calculus to show that the mean air temperature on this day is 8°C,
according to the model.

Given that the actual mean air temperature recorded on this day was higher than 8°C,

(b) explain how the model could be refined.

(3)

(3)

1)

N
N
~
)
1
S
)
o
N

T
h
<
N
o

1
~T~
\

Ky
N,

L/
=Yg " ()

L/»

=4
since as € oo, ~Ye -0

0) choose a =0, b=2Y
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6. A tourist decides to do a bungee jump from a bridge over a river.
One end of an elastic rope is attached to the bridge and the other end of the elastic rope
is attached to the tourist.
The tourist jumps off the bridge.

At time t seconds after the tourist reaches their lowest point, their vertical displacement
is X metres above a fixed point 30 metres vertically above the river.

Whent=20
. =-20
« the velocity of the tourist is Oms™
« the acceleration of the tourist is 13.6ms™

In the subsequent motion, the elastic rope is assumed to remain taut so that the vertical
displacement of the tourist can be modelled by the differential equation

d’x dx
+ 2k—

5kd7 ds

+17x=0 t>0

where K is a positive constant.

(a) Determine the value of k

(2)

(b) Determine the particular solution to the differential equation.

(7)

(c) Hence find, according to the model, the vertical height of the tourist above the river
15 seconds after they have reached their lowest point.

)

(d) Give a limitation of the model.

(1)

ok otz
5k (13.6) + 2k (o) # (F(-20) =0 ()

6k - 3y0=0
k=S @

auwodsahe

m=--02+0% 0 ¢ 'envmhom
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 12 marks)
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7. The plane 7 has equation

3 -1 2
3|+Al 2|+u|0
2 1 1

r =

where A and u are scalar parameters.

(@) Show that vector 2i + 3j — 4k is perpendicular to /7.
(@)

(b) Hence find a Cartesian equation of I7.

(2)

The line | has equation

4 1

r =S5|+t] 6

where t is a scalar parameter.
The point A lies on I.
Given that the shortest distance between A and I7 is 2+/29

(c) determine the possible coordinates of A.

(4)

. . . -

and show Bnak H/\ets oce zew
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23 {' 2 |-
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[
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veckors, b is perpendicor fo 1T 0

wiHe A=2i+%

4+0-Y=0 (0

—
3 |°[o0
4

(‘-n:a-ﬁ
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Question 7 continued

[ x

n

[3
3

2
9 )13

{
2/ \-4) \2

,
l
L

Ia+8y -Yz=72 0

Q) lek A=[4+t
-s+6k

2-13¢,

o_plone.:

U T

2(u+E)+3(-S+¢) -H(2-36)- 1 _ @3 @
V22 +32.4?

~22 +32£ =-5%

or

£=-3 0

¥

or A:/4-9/%

P

0,

\
5+ bx-9/8|
2 -2 x-9/9/

0)

_uF  us
R ° 4y

o’

P 6 6 7 9 6 A0 2 5 3 6

25

Turn over »

PMT















PhysicsAndMathsTutor.com

Question 7 continued
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Question 7 continued

(Total for Question 7 is 8 marks)
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SR
RS
KL

Two different colours of paint are being mixed together in a container. §§§§§§§§§§
388
. A . A L A KRR
The paint is stirred continuously so that each colour is instantly dispersed evenly e
. KR
throughout the container. =
Keg2
. . : . . . . S
Initially the container holds a mixture of 10 litres of red paint and 20 litres of blue paint. §§ =5
e
The colour of the paint mixture is now altered by o
:“4;,»
 adding red paint to the container at a rate of 2 litres per second §§§-.§
. . . . o
* adding blue paint to the container at a rate of 1 litre per second ;2%%333‘3
X =
« pumping fully mixed paint from the container at a rate of 3 litres per second. s
Let r litres be the amount of red paint in the container at time t seconds after the colour L
of the paint mixture starts to be altered. 55

(@) Show that the amount of red paint in the container can be modelled by the
differential equation

dr _ P
dt a
where a is a positive constant to be determined.

(2)

(b) By solving the differential equation, determine how long it will take for the mixture
of paint in the container to consist of equal amounts of red paint and blue paint,
according to the model. Give your answer to the nearest second.

(6)

It actually takes 9 seconds for the mixture of paint in the container to consist of equal
amounts of red paint and blue paint.

(c) Use this information to evaluate the model, giving a reason for your answer.

(1)
o) S\ice bhe rake of adding paink = the roke of emoyng EoIAL)
Ene volume remains constant ok V=30,

so_the proporkion of red. paint akany Bme s

30
roke of red painc ok = 3 X Y (ikres per second. @
<30
coke of point in = 2 (res per second
. d-r:.'z—_%_,‘: :Z—LG S
olE 30 10

W8 = 1t
QRKKK
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Question 8 continued

(Total for Question 8 is 9 marks)
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9. (a) Use a hyperbolic substitution and calculus to show that

2
Jx—dx = 1 xvVx? =1+ arcoshx |+ k
[ .2 _1 2
X
where K is an arbitrary constant.

(6)
YA

<V

Figure 1

Figure 1 shows a sketch of part of the curve C with equation
4
y:Exarcoshx x>1

The finite region R, shown shaded in Figure 1, is bounded by the curve C, the x-axis
and the line with equation x = 3

(b) Using algebraic integration and the result from part (a), show that the area of R is given by

%[17ln(3 +242) - 6x/§:|
(5)

I
xl-|=sinlhtd

2 = coshB

dx = <inh®
do

2 da = sinhBdB
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Question 9 continued

(Total for Question 9 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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