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INSTRUCTIONS:	
   	
  

1. Show	
  all	
  necessary	
  calculations.	
  
2. Round	
  off	
  to	
  two	
  decimal	
  places,	
  unless	
  specified	
  otherwise.	
  
3. Non-­‐programmable	
  calculators	
  may	
  be	
  used,	
  unless	
  instructed	
  otherwise.	
  
4. Diagrams	
  are	
  not	
  necessarily	
  drawn	
  to	
  scale.	
  
5. This	
  question	
  paper	
  consists	
  of	
  5	
  	
  typed	
  pages	
  and	
  an	
  answer	
  sheet.	
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Question	
  1	
  

Prove	
  by	
  induction	
  that	
  	
  

0,1+ 1,4+ 2,7+ 3,10+⋯ . .+ 𝑛 − 1 3𝑛 − 2 = 𝑛! 𝑛 − 1 	
  for	
  all	
  natural	
  
numbers	
  ,	
  with	
  𝑛 ≥ 1	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (14)	
  

Question	
  2	
  

2.1	
   Solve	
  for	
  x	
  without	
  the	
  use	
  of	
  a	
  calculator:	
  

	
   2.1.1	
   𝑙𝑛𝑥 − 2 = !
!"#

	
  	
  	
   	
   	
   	
   	
   	
   	
   (8)	
  

	
   2.1.2	
   2𝑥! − 3 𝑥 − 5 = 0  	
  	
  	
  	
   	
   	
   	
   	
   	
   (8)	
  

2.2	
   Given:	
  𝑓 𝑥 = ln  (𝑥 + 3)	
  

	
   2.2.1	
   Find	
  𝑓!! 𝑥 	
  	
  	
   	
   	
   	
   	
   	
   	
   	
   (4)	
  

	
   2.2.2	
   Sketch	
  the	
  graph	
  of	
  𝑓(𝑥).	
  Indicate	
  all	
  intercepts	
  with	
  the	
  axes	
  as	
  	
  
well	
  as	
  all	
  asymptotes	
  clearly.	
   	
   	
   	
   	
   	
   (3)	
  

	
   2.2.3	
   Find	
  𝑓 ∘ 𝑓!!(𝑥)	
  	
   	
   	
   	
   	
   	
   	
   (4)	
  

2.3	
   The	
  number	
  of	
  rabbits,	
  K,	
  on	
  an	
  island	
  after	
  t	
  years	
  	
  can	
  be	
  determined	
  by	
  	
  

	
   𝐾 𝑡 = !"""
!!!!!!,!"!

	
  

	
   2.3.1	
   Determine	
  the	
  number	
  of	
  rabbits	
  when	
  the	
  experiment	
  started.	
  	
  (3)	
  

2.3.2	
   Determine	
  the	
  number	
  of	
  rabbits	
  after	
  one	
  year.	
  Give	
  your	
  answer	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
as	
  a	
  whole	
  number.	
   	
   	
   	
   	
   	
   	
   (3)	
  

2.3.3	
   More	
  than	
  900	
  rabits	
  is	
  an	
  epidemic.	
  After	
  how	
  many	
  years	
  will	
  an	
  
epidemic	
  occur?	
   	
   	
   	
   	
   	
   	
   (5)	
  

Question	
  3	
  

3.1	
   If	
  it	
  is	
  given	
  that	
  𝑧 = 𝑥 + 𝑖𝑦	
  and	
  𝑧 = 𝑥 − 𝑖𝑦	
  ,	
  find	
  x	
  and	
  y	
  if	
  𝑧 + 2𝑧 = !!!
!!!
  	
  	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (8)	
  

3.2	
   Factorise	
  𝑓 𝑥 = 𝑥! − 4𝑥! − 4𝑥 − 1	
  in	
  C(x)	
  if	
  2− 5	
  is	
  a	
  zero	
  point	
  of	
  
                            𝑓(𝑥).	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (8)	
  

3.3	
   𝑥 = −3+ 4𝑖	
  is	
  a	
  root	
  of	
  the	
  equation	
  −2𝑥! + 𝑘𝑥! − 44𝑥 + 25 = 0.	
  Find	
  	
  	
  	
  	
  
the	
  value	
  of	
  𝑘.	
  	
   	
   	
   	
   	
   	
   	
   	
   (8)	
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Question	
  4	
  

4.1	
   Determine	
  c	
  if	
  the	
  function	
  is	
  continuous	
  

	
                     𝑒!!!!       𝑥 ≤ 0	
   	
   	
   	
   	
   	
   	
   	
   (4)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  𝑥 + 2            𝑥 > 0      

  

4.2                     −𝑥! − 6𝑥 − 5    ;     𝑥 ≤ −3  

                                                   2𝑥 − 4                        ;   −3 < 𝑥 ≤ 3  

                                                −
2
3
𝑥 + 4                        ; 𝑥 > 3  

4.1.1   What  type  of  discontinuity  exist  at  𝑥 = −3?  Motivate  your  answer.   (3)  

4.1.2   Assume  g(x)  is  continuous  at  x=3  .  Is  𝑔(𝑥)  differentiable  at  𝑥 = 3?  Justify  
your  answer  fully.                     (3)  

Question	
  5	
  

5.1   Determine  𝑓′(𝑥)  from  first  principles  if  𝑓 𝑥 = !
!!!

.            (6)  

5.2   The  graph  of  𝑓 𝑥 = 𝑥 ∙ 𝑐𝑜𝑠𝑥  is  given  for  𝑥 ∈ − !!
!
; !!
!
  

     

5.2.1   Draw  a  graph  that  represents  𝑓′(𝑥)  on  the  answer  sheet.      (6)  
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QUESTION 5 
 

5.1 Determine lim௞→଴
ୡ୭ୱଶ௞ିଵ

௞మ
 (6) 

 

5.2 The graph of 𝑓(𝑥) = 𝑥. cos 𝑥 is given for 𝑥 ∈ ቂ− ଷగ
ଶ
; ଷగ
ଶ
ቃ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Draw, on the diagram sheet, a graph that represents 𝑓′(𝑥) (6) 

[12] 
 
QUESTION 6 
 

The line 𝑓(𝑥) = ଵ
ଶ
 meets the curve 𝑔(𝑥) = sin 2𝑥 for 0 < 𝑥 < గ

ଶ
 in two points A and B. 

 
 
 
 
 
 
 
 
 
 
 
6.1 Solve for 𝑥 if 𝑓(𝑥) = 𝑔(𝑥)  and 0 < 𝑥 < గ

ଶ
 (4) 

 
6.2 Calculate the gradients of the tangents to the curve 𝑔(𝑥) at A and B. (6) 
 
6.3 Show that if these tangents meet at C, then ABC is an equilateral triangle. (4) 

[14] 

f(x)=	
  

g(x)=	
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5.3   The  figure  shows  a  circular  lake,  centre  O,  of  radius  2  km.  A  man  swims  across  
the  lake  from  A  to  B  at  3km/h  and  then  waks  round  the  edge  of  the  lake  from  B  to  
C  at  4km/h.  

     

   5.3.1   Show  that  𝐴𝐵 = 4𝑐𝑜𝑠𝜃                      (6)  

   5.3.2   Find  the  length  of  CB  in  terms  of  𝜃               (2)  

   5.3.3   Show  that  the  total  time  taken  in  hours  ,  T,  is  𝑇 = !
!
𝑐𝑜𝑠𝜃 + 𝜃        (4)  

   5.3.4   Find  the  value  of  𝜃  for  which  T  is  a  maximum.           (6)  

5.4     Determine  the  gradient  of  the  tangent  to  𝑥!𝑒! + 𝑦!𝑒! = 2𝑒  at  (1; 1)         (5)  

Question	
  6	
  

Given	
  𝑓 𝑥 = 2𝑥 − 𝑠𝑒𝑐𝑥	
  

6.1	
   Prove	
  that	
  the	
  given	
  function	
  has	
  a	
  zero	
  point	
  between	
  𝑥 = 0	
  and	
  𝑥 = !
!

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (3)	
  

6.2	
   Use	
  𝑥! = 0,895	
  and	
  Newton’s	
  method	
  to	
  determine	
  the	
  zero	
  point	
  correct	
  
to	
  5	
  decimal	
  places.	
   	
   	
   	
   	
   	
   	
   (6)	
  

6.3	
   Give	
  the	
  formula	
  that	
  will	
  be	
  used	
  to	
  determine	
  the	
  x-­‐value	
  of	
  the	
  turning	
  
point.	
   	
   	
   	
   	
   	
   	
   	
   	
   (3)	
  

	
  

Question	
  7	
  

7.1	
   Evaluate:	
  

	
   7.1.1	
   𝑥! + !
!!
− 𝑥 𝑑𝑥	
  	
  	
   	
   	
   	
   	
   	
   	
   (4)	
  

	
   7.1.2	
   𝑐𝑜𝑠2𝑥 ∙ 𝑐𝑜𝑠4𝑥  𝑑𝑥    	
  	
  	
  	
   	
   	
   	
   	
   	
   	
   (6)	
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QUESTION 10 
 
Evaluate: 
 
10.1 ∫{𝑥ଶ + 𝑥(1 − 𝑥ିଷ)}𝑑𝑥  (4) 
 
10.2 ∫ ି௫

√ସି௫మ
𝑑𝑥  (6) 

 

10.3 ∫ 𝑥 cos 𝑥
ഏ
మ
଴ 𝑑𝑥   without the use of a calculator (10) 

 
10.4 ∫ sin 2𝑥 . sin 3𝑥 𝑑𝑥  (6) 

[26] 
 
QUESTION 11 
 
The figure shows a circular lake, centre O, of radius 2 km. A man swims across the lake from 
A to B at 3 km/h and then walks round the edge of the lake from B to C at 4 km/h. 
 
 
 
 
 
 
 
 
 
 
 
 
11.1 Show that the length of AB is 4 cos 𝜃. (6) 
 
11.2 Find the length of CB in terms of θ. (2) 
 
11.3 Show that the total time taken in hours, 𝑇, is 𝑇 = ସ

ଷ
cos 𝜃 + 𝜃 (4) 

 
11.4 Find the value of 𝜃 for which 𝑇 is a maximum. (6) 

[18] 
 

Total for Module 1: 200 marks 
 
 
 

T

O
C

B

A
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   7.1.3	
   𝑥 ∙ 𝑐𝑜𝑠3𝑥
!
!
!   𝑑𝑥	
  	
  	
  	
  	
  	
   	
   	
   	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (10)	
  

	
   7.1.4	
   !!!!
!!!!!!!!!

𝑑𝑥	
  	
  	
  	
   	
   	
   	
   	
   	
   	
   (6)	
  

7.2	
   Determine	
  the	
  volume	
  if	
  1 + 𝑐𝑜𝑠𝑥	
  rotate	
  around	
  the	
  𝑥 − 𝑎𝑥𝑖𝑠	
  from	
  𝑥𝜀 0; !
!
.	
  

Give	
  your	
  answer	
  in	
  terms	
  of	
  𝜋    	
  	
  	
   	
   	
   	
   	
   	
   (6)	
  

	
  

Question	
  8	
  	
  

8.1	
   The	
  figure	
  shows	
  a	
  cross-­‐section	
  of	
  a	
  log	
  with	
  centre	
  O	
  and	
  radius	
  15	
  cm.	
  Chord	
  
AB	
  is	
  24	
  cm	
  in	
  length.	
  

	
  

	
  

	
  

	
  

	
  

	
  

     

   8.1.1	
  	
   Show	
  that	
  𝐴𝑂𝐵 = 1,85  𝑟𝑎𝑑𝑖𝑎𝑛𝑠    	
  	
   	
   	
   	
   	
   (4)	
  

	
   8.1.	
  2	
   Find	
  the	
  area	
  of	
  the	
  shaded	
  region.	
   	
   	
   	
   	
   (6)  

8.2   The  following  is  a  cross-­‐section  of  the  same  log  with  section  ADCBYA  removed
   throughout  the  length  of  the  log.  
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QUESTION 7 
 
Given:  𝑦 = 3 cos 𝑥 + sin 𝑥 
 
7.1 Find ௗ௬

ௗ௫
  (4) 

 
7.2 Show that the values of 𝑥 for which ௗ௬

ௗ௫
= 0 form an arithmetic sequence. Also state 

the common difference. (6) 
[10] 

 
QUESTION 8 
 
Figure 1 shows the cross-section of a uniform cylindrical  
log with centre O and radius 15 cm. Points A, Y, B and  
X lie on the circumference of the cross-section and the  
chord AB is 24 cm in length. 
 
 
 
 
 
                                                                                                                       Figure 1 
 
8.1 Show that �AOB = 1,85 radians (4) 
 
8.2 Find the area of the shaded region. (6) 
 
8.3 Figure 2 shows the cross-section of the same log  
 with the section ADCBYA removed throughout  
 the length of the log.  
 
 
 
 
 
 
                                                                                                                   Figure 2 
 
 Given that AD = BC = 13 cm and that ABCD is a rectangle, find the area of the new 

cross-section, AXBCDA. (6) 
[16] 

  

24 cm

15 cm

Y

X

O

BA

O

CD 24 cm

13 cm

Y

X

BA
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Y
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O
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O
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Y

X
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Given	
  that	
  𝐴𝐷 = 𝐵𝐶 = 13  𝑐𝑚	
  and	
  that	
  𝐴𝐵𝐶𝐷	
  is	
  a	
  rectangle,	
  find	
  the	
  area	
  of	
  the	
  
new	
  cross-­‐section	
  ,	
  𝐴𝑋𝐵𝐶𝐷𝐴	
  	
  	
   	
   	
   	
   	
   	
   	
   (6)	
  

	
  

	
  

Question	
  9	
  

Given	
  :	
  	
  𝑓 𝑥 = !!!!!!!
!!!

	
  

	
   9.1	
   Determine	
  the	
  asymptotes	
  of	
  the	
  rational	
  function.	
   	
   	
   (5)	
  

	
   9.2	
   Determine	
  the	
  coordinates	
  of	
  the	
  stationary	
  points	
  of	
  the	
  graph.	
   (8)	
  

	
   9.3	
   Determine	
  the	
  intercepts	
  with	
  the	
  axes.	
   	
   	
   	
   (2)	
  

9.4	
   Sketch	
  the	
  graph.	
  Indicate	
  all	
  asymptotes,	
  stationary	
  points	
  and	
  
intercepts	
  with	
  axes	
  cleary.	
   	
   	
   	
   	
   	
   (4)	
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NAME_________________________________________________	
  

ANSWER	
  SHEET	
  

QUESTION	
  5.2	
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QUESTION 5 
 

5.1 Determine lim௞→଴
ୡ୭ୱଶ௞ିଵ

௞మ
 (6) 

 

5.2 The graph of 𝑓(𝑥) = 𝑥. cos 𝑥 is given for 𝑥 ∈ ቂ− ଷగ
ଶ
; ଷగ
ଶ
ቃ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Draw, on the diagram sheet, a graph that represents 𝑓′(𝑥) (6) 

[12] 
 
QUESTION 6 
 

The line 𝑓(𝑥) = ଵ
ଶ
 meets the curve 𝑔(𝑥) = sin 2𝑥 for 0 < 𝑥 < గ

ଶ
 in two points A and B. 

 
 
 
 
 
 
 
 
 
 
 
6.1 Solve for 𝑥 if 𝑓(𝑥) = 𝑔(𝑥)  and 0 < 𝑥 < గ

ଶ
 (4) 

 
6.2 Calculate the gradients of the tangents to the curve 𝑔(𝑥) at A and B. (6) 
 
6.3 Show that if these tangents meet at C, then ABC is an equilateral triangle. (4) 

[14] 
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