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1.

(2)

(2)

cos
0

sin

0
1
0

sin
0

cos

With respect to the right-hand rule, a rotation through θ° anticlockwise about the
y-axis is represented by the matrix

 
   
   
   
   
 
 
 

 
    

    
 

   
   
   
   
   
   
 
 

M
 

 

   
 
 

     

(b) show that k = 2 sec θ

Given that the image of  lies on the plane with equation

x + z = 4

The point P has coordinates (k, 2, k), where k is a constant.

(a) Determine the coordinates of the image of P under the transformation represented 
by M, giving the answer in terms of k and θ

π
2

 Given also that k = 4 and 0 < θ < 

 (c) describe the single geometric transformation represented by M
(1)
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2. In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

(1)

(2)

(2)

(3)

 ½ z ½

(ii) arg 

A complex number

(a) Show that

(c) Hence determine,

 (i) the exact value of

Given that 3z* + z  is imaginary,

(b) determine the value of λ.

2

 is given by  = 

3z* + z2 = (λ

λ – 2i , where λ 

2 + 3λ – 4) + i(6 – 4λ)

z, giving your answer in radians, to 3 significant figures.

is a real constant and 0

 (d) Show z, z* and 3z* + z  on a single Argand diagram.2

(2)
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3. 

(5)

(2)

 where  and 

(2r 31)

 are integers to be determined.

)

(b) Hence, making your method clear, determine

11  + 13  + 15  + ... + 97  + 993 3 3 3 3

(a) Use the standard results for summations to show that, for all positive integers 
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4. In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

x x 5
x2   25f() 

 Show that the mean value of f (x) over the interval [0, 5] is

a ln 2 + b π

 where a and b are rational numbers to be determined.
(5)
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5. In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

(2)

The cubic equation

has roots α, β and γ

Without solving the equation,

(a) write down the value of

 

 

 

(i) α + β + γ

(ii) αβ + αγ + βγ

(iii) αβγ

16x3 – 156x2 + 260x + 75 = 0

 

 

Given that β = 3α

(b) use the results from part (a) to determine the exact roots of the equation. 
You must make your method clear.

(3)
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



*P81303A01332* Turn over
13

���� 

DO
NO

TW
RI

TE
 IN

 T
HI

S 
AR

EA
 D

O 
NO

T 
W

RI
TE

IN
TH

IS
AR

EA
DO

 N
OT

 W
RI

TE
IN

TH
IS

AR
EA

Question 5 continued_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



*P81303A01432*

DO NOT W
RITEINTHISAREA

 DO NOT W
RITEINTHISAREA

DONOTW
RITE IN THIS AREA

14

���� 
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6. 

(6)

A game is downloaded from the internet.

During the download, the download speed, x megabits per second (Mb s
by the differential equation

2dx dx
dt

  4   148x 4440
t2d 

where t minutes is the time after the download was started.

(a) Determine the general solution of the differential equation.

), is modelled 

 Given that initially

• 
• 

(b) determine the particular solution of the differential equation.

the download speed is 28 Mb s–1

the download speed is increasing at a rate of 47 Mb s  every minute–1

 
(3)
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7. 

(3)

(4)

 Show that

(i) The series S is defined as

S = eiθ

 Making your method clear, show that

 + e θ + e θ + e

(ii) The convergent infinite series P and Q are defined as

θ + ... + e
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3i 5i 7i 19iθ

10iS = e
θ sin 10θ
sinθ

P

Q

1
2

cosθ

1
2

sinθ

1
4

cos 3θ

1
4

sin 3θ

1
8

1
8

cos 5θ

sin 5θ ...

... 

 

 

 

 

   

 

P iQ 2e 
1

iθ e iθ
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8. 

Figure 1 Figure 2 

In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

(1)

(5)

(5)

(1)

 where 

 show that

(a) Given that

 and 

where k is a constant.

(b) Determine the value of 

(d) State a limitation of the model.

7cos

64 cos θ ≡ a cos 7θ + b cos 5θ + c7

 are integers to be found.

 cos 3θ +  cos 

Figure 1 shows the central vertical cross‑section ABCDEA of a solid paperweight.

Figure 2 shows the region R, bounded by the curve CD, the x‑axis and the y‑axis.

The paperweight is made up of a dome on top of a cylinder such that

•
• 

the cylinder has diameter 16 cm and height 2 cm
the dome is obtained by rotating R through 2π radians about the y‑axis

The curve CD is modelled by the equation

(c) Using algebraic integration and showing all your working, determine, according to 
the model, the volume of the paperweight, giving your answer to the nearest cm3

1 2cosn
nz
z

nθ    

a, b, c dC

k

x k y

d θ

=

n  ∈  �

B

A

D

E

C

O

y

R

D x16 cm

2 cm

π
2

0 � y � 
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9. In this question you must show all stages of your working. 
Solutions relying entirely on calculator technology are not acceptable.

(3)

(2)

(3)

(6)

Initially, the mass of chemical X is 3 mg and the mass of chemical Y is 1 mg.

(b) Solve equation (I) to determine the particular solution for the mass of chemical 
time t. 

(c) Hence, or otherwise, determine the particular solution for the mass of chemical 
time t.

A scientist studies the reaction of two chemicals X and Y during an experiment.

The masses of each chemical, t hours after the experiment begins, are modelled by the
differential equations

dx
dt x y

dy
dt    5     2 x  2 y

 

where x and y are the masses, in mg, of chemical X and chemical Y respectively.

(a) Show that

2dx
dt  2

dx
dt

  7   12x 0 (I)

(d) Use the equations found in part (b) and part (c) to determine

 (i) the mass, in mg, of chemical X after 15 minutes, giving the answer to 
3 significant figures,

 (ii) the exact time when the mass of chemical Y is four times the mass of chemical 

 at 

 at 

 Given that it takes 2 hours for the mass of chemical Y to be four times the mass of
chemical X

(e) evaluate the model, giving a reason for your answer. 
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
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_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

X

Y

X
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