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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. In particular, solutions found from a graphic display 
calculator should be supported by suitable working, e.g. if graphs are used to find a solution, you 
should sketch these as part of your answer. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working. 

Section A 

Answer all questions in the boxes provided. Working may be continued below the lines if necessary. 

 

1. [Maximum mark: 6] 

A polynomial ݔସ ൅ ଶݔܽ ൅ ݔܾ ൅ 8	has factor ݔଶ െ ݔ3 ൅ 2. Find the values of a and b.  [6] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
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2. [Maximum mark: 8] 

(a) If cosሺݔ െ ሻߙ ൌ ݇ cosሺݔ ൅ ሻ, express tanߙ in terms of k and tan ݔ  [4]     .ߙ

(b) Hence find the value(s) of x, where 0°൑ ݔ ൏360°, when ݇ ൌ
ଵ

ଶ
 and ߙ ൌ 70°.  [4] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
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3. [Maximum mark: 8] 

(a) Describe a sequence of two geometric transformations which maps the function 

 ݃ሺݔሻ ൌ 3ଶ௫ାଵ  to ݕ ൌ
ଵ

௚ሺ௫ሻ
.           [4] 

(b) If 
ଵ

௚ሺ௫ሻ
 intersects ݕ ൌ െݔଶ ൅ ݇ at only one point, find the value of k corrected to 3 decimal 

places.               [4] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 
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4.  [Maximum mark: 6] 

Solve the simultaneous equations ݅ݖ ൅ ݓ2 ൌ 0 and ݖ െ ∗ݓ ൌ 3, giving ݖ and ݓ in the form of  
ܽ ൅ ܾ݅, where ܽ, ܾ ∈  [6]            .܀

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
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5.  [Maximum mark: 8] 

             A function has equation ݕ ൌ
ଵ

௫
൅

ଶ

௫మ
, ݔ ് 0.    

(a) Using differentiation or otherwise, find the coordinate of the non-stationary inflexion point of 
the curve.           [3] 

(b) Sketch the curve, stating the equations of any asymptotes and the coordinates of any turning 
points and points of intersections with the axes.        [3]  

(c) Hence find the solution set of the inequality െ
ଶ

ଽ
ଶݔ ൅ ݔ ൅

ଶ଴

ଽ
൐

ଵ

௫
൅

ଶ

௫మ
.     [2] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

ACS (Independent) Mathematics Department / Mathematics HL / Year 5 / 2016 Final Examination Paper 2 
                        
     

6

6. [Maximum mark: 5] 

(a) Two boats depart from the same pier at right angles to each other. The faster boat travels at 

8km/h and the slower boat travels at 6km/h.  Show that the rate at which the distance 

between the boats changes is independent of time.      [3] 

(b) A cruise ship departs from the same pier according to xሺݐሻ ൌ ݐ3 െ 1, ሻݐሺݕ ൌ ݐ2 ൅ 3 , where 
the distance units are km and the time units are hours. Find the speed of the cruise ship.
            [2] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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7. [Maximum mark: 5] 

       The plane ߨ has equation 3ݔ െ ݕ െ ݖ2 ൌ െ28.  
 P is a point on the plane with coordinates ሺെ4	,6	,5ሻ.  

A line perpendicular to the plane passes through P, find the exact value of the shortest distance 
from the line to the origin.  

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………….

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
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8.  [Maximum mark: 8] 

       Given that ݖଵ ൌ 2 and ݖଶ ൌ 1 ൅ ݅√3 are roots of the cubic equation ݖଷ ൅ ଶݖܽ ൅ ݖܾ ൅ ܿ ൌ 0 
where a, b, c ϵ R,  
(i) write down the third root, ݖଷ, of the equation;         [1] 
(ii) find the values of  a, b and c.        [4] 
(iii) Explain why  ݖସ െ ଷݖ6 ൅ ଶݖ16 െ ݖ24 ൅ 16 ൌ 0 has only three distinct roots, ݖଵ,  ݖଶ 

and ݖଷ.          [3] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………….. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 
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9. [Maximum mark: 6] 

       A group of 6 men and 6 women are assigned to sit in three distinct rows of four seats each.  

(i) Find the number of ways in which the 12 people can be arranged if there is no 

restriction.             [2] 

(ii) Find the number of ways to arrange the 12 people if each row has at least one woman.

            [4] 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………….. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………. 
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Do not write solutions on this page. 

 

Section B 

Answer all questions in the answer sheets provided. Please start each question on a new page. 

10.  [Maximum mark: 21] 

(a) Find the values of h for which the following system of equations has  
(i) no solution, 
(ii) an infinite number of solutions.  

:ଵߨ ݔ ൅ ݕ2 െ ݖ2
ݔଶ:െߨ ൅ ݕ2 െ ݖ
ݕଷ:െ4ߨ ൅ ݖ3

ൌ
ൌ
ൌ

െ2
5
݄

 

            [4] 
(b) Given that the system of equations can be solved, find the line of intersection of the 

 planes which has direction vector ൭
2
3
4
൱ .       [5] 

(c) Show that the line 	
௫ିସ

ଶ
ൌ ݖ ൅ ݕ			,2 ൌ െ5 lies on the plane ߨଵ.       [5] 

(d) The z-axis meets the plane ߨଶ at the point P.  
(i) Find the coordinates of P.        [2] 
(ii) Hence find the coordinates of F, the foot of the perpendicular from P to ߨଵ. [5] 
 
 

11. [Maximum mark: 23] 

        A function is defined by 4ݕଶ ൅ ݕ8 ൅ ଶݔ ൌ 1. 

(a)  Show that 
ௗ௬

ௗ௫
ൌ

ି௫

ସ௬ାସ
.                [3] 

(b)  Find the equation of the normal to the curve at the point ቀ
ଵ

ସ
, െ

ଵ

଼
ቁ.           [4] 

(c)  Find the distance between the two points on the curve where each tangent is parallel 

 to the line ݕ ൌ
ଵ

ସ
  [7]                                        .ݔ

(d)  By completing the square or otherwise, show that the curve can be expressed in the 

 form  ሺݕ െ ݄ሻଶ ൅
௫మି௔

௞
ൌ 1, where a, h and k are integers to be determined.             [4]  

(e)  Sketch the curve, stating the coordinates of any stationary point(s) and point(s) of 
 intersection(s) with the axes.                      [5]  
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Do not write solutions on this page. 

 

12. [Maximum mark: 16] 
  

(a) Differentiate the following with respect to x:  

(i) ݕ ൌ arccos ݔ ൅ 2√1 െ ݔ , ଶݔ ∈ ሾെ1, 1ሿ          [3] 

(ii) ݕ ൌ sinଶ ቀ
ଵ

௫
ቁ            [4] 

 
(b) A ladder is sliding down along a vertical wall. The ladder is 10 meters long and the 
 top is slipping at the constant rate of 10 m/s.  

(i) How fast is the bottom of the ladder moving along the ground when the bottom is 
6 meters from the wall?           [4] 

(ii) If A is the area under the ladder formed by the ladder, wall and ground, how far is 
the bottom of the ladder away from the wall when A is maximum?   [3] 

(iii) State the range of values of the horizontal distance of the bottom of the ladder  
from the wall when A is decreasing.         [2]  

 

 

 

 

 

 END OF PAPER 
 

 

 

 

 


