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Section I            9 marks 

1. If two lines are perpendicular, what can be said about their gradients  and ? 

A.  

B.  

C.  
D.  

 

2. Consider the two way table below of 30 students. 
What is the probability of choosing a boy given that the student is a junior? 

 Boy Girl 
Junior 7 5 
Senior 8 10 

A.  

B.  

C.  

D.   

 

3. Which of the following equations is a polynomial? 
A.  

B.  

C.  

D.  

 

4. Given that sin θ > 0 and cos θ < 0, which quadrant does θ lie in? 
A. Quadrant 1 
B. Quadrant 2 
C. Quadrant 3 
D. Quadrant 4 

  

1m 2m

1

2

1m
m

=

1

2

1m
m

= -

1 2 1mm =

1 2 1mm = -

7
12
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x

=
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3y x=
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5. Which of the following statements is true for a many to one function f (x)? 
A. f (x) will pass both the vertical and horizontal line test 
B. f (x) will fail both the vertical and horizontal line test 
C. f (x) will pass the vertical line test and fail the horizontal line test 
D. f (x) will fail the vertical line test and pass the horizontal line test 

 

6. What is the domain of ? 

A. x ≥ 0 
B. x > 0 
C. x ≤ 0 
D. x < 0 

 

7. Which of the following expressions is equivalent to ? 
A.  

B.  
C.  
D.  

 

8. What is the equation of the graph below? 

 

A. y = sin x° 
B. y = sin (– x)° 
C. y = cos x° 
D. y = – cos x° 

 

  

1( )f x
x

=
-

10 10log logx y+
logx y

10log ( )yx

10log ( )x y+

10log ( )xy
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9. Which of the following best describes the correlation between x and y for the scatterplot below? 

 

A. Strongly positive 
B. Weakly positive 
C. Strongly negative 
D. Weakly negative 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Section I  
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Section II, Part A           19 marks 

Question 11 

Round  to 3 significant figures.         1 

 

 

 

Question 12 

Solve .            2 

 

 

 

 

 

Question 13 

Rearrange the equation  so that x is the subject of the equation.    1 

 

 

 

 

 

Question 14 

Find the angle of inclination that the line  makes with the positive direction of the x axis. 1 

Correct your answer to the nearest minute. 

 

 

 

Question 15 

Find the equation of a circle centred at (1, –2) with a radius of 3.      1 

  

( )310log p

23 2 0x x+ - =

a bx cx d+ = +

4 5y x= -
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Question 16 

If a standard coin is flipped twice, calculate the probability of: 

a. Getting 2 Heads            1 

 

 

 

b. Getting at least 1 Tail           1 

 

 

 

Question 17 

Express  in simplest exact form.         1 

 

 

 

Question 18 

Calculate the total surface area of the closed hemisphere below.      2 

Express your answer in simplest exact form. 

 

 

 

 

 

  

sin 240°
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Question 19 

Given the graph of  below, sketch  on the same number plane.   1 

 

 

Question 20 

Given the diagram below, find the following, rounding your answers to 2 significant figures: 

 

a. The value of b            1 

 

 

 

 

 

b. The area of the triangle           2 

 

 

 

 

 

  

( )y f x= ( )1y f x= +



Page 8 

Question 21 

Consider the diagram below. 

 

Find the values of the following pronumerals, justifying your answers geometrically. 

a.                2 

 

 

 

b.                2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Part A  

a

b
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Section II, Part B           17 marks 

Question 22 

Factorise .            1 

 

 

 

Question 23 

Below is a record of RW’s Yearly Exam marks in Science out of 100 from Grade 8 to 10: 

Year Grade Student Mark Cohort Mean Cohort Standard 
Deviation 

2003 8 84 60 16 
2004 9  70 8 
2005 10 88 75 10 

 

The cohort marks are known to be normally distributed. 

a. Explain mathematically whether RW performed better in 2003 or 2005.    2 

 

 

 

 

 

b. In 2004, RW was medically exempt from sitting the Yearly Exam.     1 
Use z scores and RW’s results from 2003 to estimate her mark in 2004. 

  

3 8x +
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Question 24 

Sketch the graphs of the following equations, including the coordinates of any intercepts and vertices and 
the equation of any asymptotes: 

a.             2 

 

 

b.             2 

 

 

 

 

 

 

Question 24 continues on the next page  

2( 1) 1y x= - - +

6 2
3

y
x

= +
-
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c.             2 

 

 

Question 25 

The ratio of the lengths of matching sides of two similar violins is 2 : 5.     2 

Find the volume of the smaller violin if the volume of the larger one is 37 500 mm3. 

  

38 ( 1)y x= - +
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Question 26 

Consider the polynomial . 

a. Show that when P(x) is divided by x – 1, the remainder is 12.      1 

 

 

 

b. Show that x – 2 is a factor of P(x).         1 

 

 

 

c. Hence, express P(x) as a product of 3 linear factors.       3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Part B  

3 2( ) 3 10 24P x x x x= - - +
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Section II, Part C           17 marks 

Question 27 

In the diagram below, AD = 9, AE = 6, EC = 12 and . 

 

a. State why .           1 

 

 

 

b. Hence, find the length of DB.          2 

 

 

 

 

 

Question 28 

Solve  for θ where .      2 

  

ABC AEDÐ =Ð

|||ABC AEDD D

sin(180 ) sin(90 )q q°- = °- 0 360q° £ £ °
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Question 29 

Solve , rounding your answer to 2 decimal places.       2 

 

 

 

Question 30 

Below is the frequency distribution table of the class test results of one of RW’s classes: 

x 1 2 3 4 5 6 7 8 9 10 
f 1 0 2 3 10 5 6 0 2 1 

c.f. 1 1 3 6 16 21 27 27 29 30 
 

a. State the mode.            1 

 

 

 

b. Calculate the mean and standard deviation, rounding your answers to 2 decimal places.  2 

 

 

 

 

 

c. If a student’s mark is a low outlier, RW calls the student’s parents.     3 
How many phone calls did RW make for this class test? 

  

6 8x =
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Question 31 

If  and  are inverse functions of each other, then  and .  2 

Let  and . 

Show that . 

 

 

 

 

 

Question 32 

a. Given the graph of  below, sketch its inverse relation on the same number plane. 1 

 

b. Hence, locate all points of intersection between  and its inverse relation.    2 

 

 

 

 

 

 

 

 

End of Part C  

( )f x ( )g x ( )( )f g x x= ( )( )g f x x=

( ) 2 3f x x= +
3( )
2
xg x -

=

( )( )f g x x=

3( )f x x x= -

( )f x
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Section II, Part D           18 marks 

Question 33 

In the diagram below, an ant starts at point P on the base of a conical pile of dirt.    3 

To search for food, the ant travels around the curved surface of the cone before returning to P. 

Show that the length of the shortest path that the ant can take is  cm. 

 

9 3
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Question 34 

In the diagram below, AB and CD are perpendicular chords that intersect at P on a circle centred at O. 4 

Given that ,  and , find the radius of the circle in simplest exact form. 

 

  

6AP = 4BP = 2CP =
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Question 35 

Solve , rounding your answer to 2 decimal places.      3 

 

 

 

 

 

 

 

 

 

 

Question 36 

Solve .           3 

Hint: There are 4 solutions. 

  

9 15 25x x x+ =

22 3( 2 ) 1x xx x -- =
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Question 37 

Ryu and Ken are two rivals among 128 competitors participating in a martial arts tournament. 

The tournament format is single elimination, where only the winner advances to the next round. 

The competitors for each round are randomly paired from the pool of those who remain. 

The probability of either competitor winning in a matchup is 50%. 

Find the probability of Ryu and Ken facing each other in: 

a. The first round.            1 

 

 

 

b. The second round.            2 

 

 

 

 

 

 

 

 

 

 

c. The final round.            2 
Hint: For them to meet in the final, they must be in opposite halves of the draw. 

 

 

 

 

 

 

 

 

 

End of Part D  
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Section II, Part E           15 marks 

Question 38 

a. Show that  for all real positive numbers a and b.      2 

Hint: Consider . 

 

 

 

 

 

 

 

 

 

 

b. Hence, find the range of  for .       2 

  

2
a b ab+

³

( )2a b-

2454 48y x
x

= - + 0x >
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Question 39 

In the diagram below, Lijiang Tower, represented by BL, is 350 m in length.    4 

Hanzo stands at point H some distance away from the base of the tower B. 

From H, the tower has a bearing of  and the angle of elevation to the top L is . 

Genji stands at some other point G away from the base of the tower. 

From G, the tower has a bearing of  and the angle of elevation to the top is . 

 

By using two applications of the cosine rule, find the true bearing of H from G. 

Round your answer to the nearest degree. 

Hint: Find the distance GH. 

  

109 T° 16°

139 T° 23°
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Question 40 

A spherical cap is the section of a sphere cut off by a plane as shown in the diagram below. 

The volume of a spherical cap with base radius a and height h is given by . 

a. In a sphere of radius R, show that .       2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 40 continues on the next page  

( )2 23
6CAP
hV a hp

= +

( )
2

3
3CAP
hV R hp

= -

SGS Annual 2016 . . . . . . . . . . . . . . . . . . Form IV Mathematics . . . . . . . . . . . . . . . . . . Page 10

QUESTION TEN (12 marks) Start a new page. Marks

(a) 2For which values of k does k sinx = 3 have NO solutions?

(b) 3Given that
2 tan 75◦

1 − tan2 75◦
= −

1
√

3
, find an exact value for tan 75◦.

(c) A spherical cap is the section of a sphere
cut off by a plane as shown in the
diagram to the right.

The volume of a spherical cap with base
radius a and height h is given by the
formula:

Vcap = 1

6
πh(3a2 + h2)

R

h
a

(i) 2In a sphere of radius R, show that Vcap = 1

3
πh2(3R − h).

(ii) Nikrat, a senior engineer at the Bella Stellarum Construction Company, designs
a giant space station by intersecting a sphere of radius 100 km with a sphere
of radius 40 km such that their centres are 120 km apart. He then discards the
smaller sphere leaving behind a ‘dimple’ on the surface of the larger sphere as
shown in Diagram 1 below.

A

B

X

Y

100

40

AB = 120

Diagram 1 Diagram 2

Diagram 2 above shows a cross section of the intersecting spheres. In the diagram,
A and B are the centres of the spheres and X and Y mark where the spheres
intersect on the cross section.

(α) 1Given AB bisects XY , show AB is perpendicular to XY .

(β) 4Using your result from part (i) and part (α), or otherwise, find the exact
volume of the space station.

END OF EXAMINATION
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b. Darth Parker is constructing a Maff Star by intersecting a sphere of radius 100 km with a sphere of 
radius 40 km such that their centres are 120 km apart. 
The smaller sphere is then discarded, leaving a curved dent on the surface of the larger sphere, as shown 
in Diagram 1 below. 

 

Diagram 2 above shows a cross section of the intersecting spheres, where A and B are the centres of the 
larger and smaller sphere respectively and 𝑋 and 𝑌 mark where the spheres intersect on the cross section. 

I. Given that AB bisects XY, show that .       1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 40 continues on the next page  
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II. Hence, find the exact volume of the Maff Star.       4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of paper  
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Spare Working Page 1 
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Spare Working Page 2 
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Mathematics Stage 5.3 
 

Sample Solutions 
 
 
NOTE: Some of you may be disappointed with your mark. 
 This process of checking your mark is NOT the opportunity 
 to improve your marks. 
 Improvement will come through further revision and practice, 
 as well as reading the solutions and comments. 
 

Before putting in an appeal re marking, first consider that the mark is not 
linked to the amount of ink you have used. 

 
 Just because you have shown ‘working’ does not justify that your 

solution is worth any marks. 
 

If your solutions are in pencil or you have used white out/liquid paper you 
CAN’T appeal. 

 
 
Multiple Choice Answers: 
 

1. D 
2. A 
3. A 

4. B 
5. C 
6. D 

7. D 
8. B 
9. C 

 
 

2020 



2020 Y10 Yearly Multiple Choice Solutions 

Mean (out of 9): 7.53 













Comments:
Very poorly done

Comments:
Some students didn't state show 
mathematically the difference if 
the z-scores. 
Generally done reasonable well.

Comments:
Generally done reasonable well. 
Many students used the both the 2003 and 
2005, z-scores instead reading the question and 
just using the 2003.



Comments:
Generally done reasonable ok. 
Many students didn't show any key points.



Comments:
Very poorly done.
Many students didn't show any key points.



Comments:
Very poorly done.
Many students didn't show any key points.



Comments:
Very poorly done.
Many students incorrect used the ratio of 
the lengths instead of cubing them for the 
volume..



Comments:
Generally done very well. Some 
students factorised the quotient 
incorrectly









Section II, Part D 
18 marks 

Question 33 

In the diagram below, an ant starts at point P on the base of a conical pile of dirt. 
3 

To search for food, the ant travels around the curved surface of the cone before returning to 
P. 

Show that the length of the shortest path that the ant can take is  cm. 

Cut curved surface along OP, and around the base. 
Let l be the circumference of the base. So l = 2πr 

         = 6π 
Let ∠POP’ = 𝜃	
By proportion    !

"#$°
= #&

'&×)
      𝜃	=	120°	

Now in ∆POP’’, by cosine rule 
(PP’)2 = 92 + 92 – 2×9×9×cos 120° 
             = 243 
∴ PP’ = √243 
           = 9√3 
[Most candidates failed to realise that the shortest path is a straight line on the net of the 
curved surface. Hence very few marks were awarded for working not leading to a solution. 
Many “back formed’ the answer, also for no marks.] 

9 3

O 

P P’

O 

9 



Question 34 

In the diagram below, AB and CD are perpendicular chords that intersect at P on a circle 
centred at O.  4 

Given that ,  and , find the radius of the circle in simplest exact form. 

In ∆ORD, by Pythagoras 
OD2 = OR2 + RD2  
        =  12 + 72 
        =  50 
∴Radius = √50 = 5√2 [Many (most) only got as far as the length of PD, for 2 marks, 

provided they gave the reason.] 

6AP = 4BP = 2CP =

Q 

R 

AP×PB = CP×PD 
(product of intersecting chords) 
 6×4 = 2×PD 
∴PD = 12 

Join OR ⊥ CD 
CR = RD = 14/2 = 7 
(perpendicular thro’ centre 
bisects chord) 

Join OQ ⊥ AB 
AQ = QB = 10/2 = 5 
(perpendicular thro’ centre 
bisects chord) 

Join OD. OR = QP = 6 – 5 = 1 
 



Alternatively 

Let ∠ACP = 𝜃∴	
tan 𝜃 = 6/2 = 3 
∴𝜃 = tan-1 3 

∠AOD = 2𝜃	 (angle at the centre) 
   = 2 tan-1 3 

In ∆AOD, using the cosine rule 
180 = r2 + r2 – 2 r2 cos(2 tan-1 3) 
       = 2 r2 (1 – cos(2 tan-1 3)) 
       = 2 r2 × (9/5) 

Thus r = √50 = 5√2 [Several candidates used this approach, or something similar.] 

Join AC, AO, DO, AD 

AP×PB = CP×PD 
(product of intersecting chords) 
 6×4 = 2×PD 
∴PD = 12 

In ∆APD 
AD2 = 62 + 122   (Pythagoras) 
∴AD = √(180) 



Question 35 

Solve , rounding your answer to 2 decimal places. 

Dividing by 9x: 

1 + .
15
9 1

*

− .
25
9 1

*

= 0 

1 + .
5
31

*

− .
5
31

'*

= 0 

Let 𝑢 = 4+
"
5
*
, and so u2 – u – 1 = 0

And 𝑢 = ,±√+
'

 

Hence 4+
"
5
*
= ,±√+

'
(Negative root is extraneous) 

So 𝑥 =
/01!"√$%

/01$&
        ≑ 0.94 

[Very few candidates (about 1) realised the necessity to divide, and find an equation 
reducible to a quadratic.] 

Question 36 

Solve . 3 

Hint: There are 4 solutions. 

We consider the three ways in which a power may equal 1. 
Case 1  12 = 1 
ie   𝑥' − 2𝑥 = 1 

𝑥' − 2𝑥 − 1 = 0 

𝑥 =
2 ± √4 + 4

2
     = 1 ± √2 

Case 2 𝑎$ = 1 
ie  x2 – 3x = 0 

x(x – 3) = 0 
         x = 0, 3 

Substitute x = 0, so x2 – 2x = 0 
But 00 is undefined, so x ≠ 0. 

Substitute x = 3, so x2 – 2x = 3 ≠ 0 
So x = 3 is a solution. 

9 15 25x x x+ =

22 3( 2 ) 1x xx x -- =



Case 3 (−1)2 = 1,  where a is divisible by 2. 
So 𝑥' − 2𝑥 = −1 
𝑥' − 2𝑥 + 1 = 0 
(𝑥 − 1)' = 0 

x = 1, 1 
Substitute x = 1, so x2 – 3x = – 2 
Thus (−1)3' = 1 

So the solutions are x = 1, 3, 1 + √2, 1 – √2. 

[Whilst several candidates found 3 or 4 solutions, those who found 0 failed to realise it is not 
a valid solution, and very few found 1 to be a solution.] 



Question 37 

Ryu and Ken are two rivals among 128 competitors participating in a martial arts tournament. 

The tournament format is single elimination, where only the winner advances to the next 
round. 

The competitors for each round are randomly paired from the pool of those who remain. 

The probability of either competitor winning in a matchup is 50%. 

Find the probability of Ryu and Ken facing each other in: 

a. The first round. 1 

There are 128 places, and R may go in any one of them. p = 1. 
K must go in the only place next to R, out\ of 127 remaining. 
Total probability    𝑝 = 1 × ,

,'4
= ,

,'4
. 

[This was not well answered. Half a mark was awarded for showing some understanding.] 

b. The second round. 2 

R goes in any place. K must be in one of the two places in the match next to R.

R and K must both win. 

∴ 𝑝 =
1
2 ×

1
2 ×

2
127 =

1
254

[This was not well answered at all. A mark was awarded for showing some understanding.] 

c. The final round.          2 
Hint: For them to meet in the final, they must be in opposite halves of the draw. 

R goes in any position, and K goes in 64 of 127 (other side of the draw). 
R and K must win 6 matches each. 

∴ 𝑝 =
1
2# ×

1
2# ×

64
127 =

1
8128

[Whereas several candidates made arguments about winning 6 matches, most failed to deal 
with the hint. Very few part marks were awarded.] 

End of Part D 



PART E Solution 

Question 38 

a. Show that
2

a b ab+
≥  for all real positive numbers a and b. 2 

Hint: Consider ( )2
a b− . 

Solution: Marking Scheme: 

1 mark correctly expanding 2( )a b−   
1 mark simplifying the expression to get correct result. 

Marker’s Comments: 
- Significant number of candidates started with the result to prove, which is not correct.
- Candidates were penalised if they didn’t explicitly state that 2( ) 0a b− ≥ .

b. Hence, find the range of 2454 48y x
x

= − +  for 0x > . 2 

Solution: Marking Scheme: 

      1 mark for using the result in (a) 
       correctly to obtain 36. 

       1 mark for correct answer. 

      Marker’s Comments: 

      Since this question had the word hence,    
      candidates must use previous result  
      otherwise no marks were given for working. 

       This was poorly done by majority of the 
        candidates. 



 

Question 39 

In the diagram below, Lijiang Tower, represented by BL, is 350 m in length.    4 

Hanzo stands at point H some distance away from the base of the tower B. 

From H, the tower has a bearing of 109 T°  and the angle of elevation to the top L is 16° . 

Genji stands at some other point G away from the base of the tower. 

From G, the tower has a bearing of 139 T°  and the angle of elevation to the top is 23° . 

 

By using two applications of the cosine rule, find the true bearing of H from G. 

Round your answer to the nearest degree. 

Hint: Find the distance GH. 

Solution 

 

 



 

 

 

Marking Scheme: 

1 mark for both working out correctly GB and HB. 
1 mark for working out GH using cosine rule. 
1 mark for working out HGB∠  using cosine rule. 
1 mark for correct answer with correct final step. 
 
Marker’s Comments 
Many candidates chose to use sine rule to find GB and HB which is not necessary as and GLB HLB∆ ∆  are 
both right angle. 
No marks were given for finding GL and HL, which did not contribute to the correct answer. 
Candidates whom did not use cosine rule the second time (READ THE QUESTION) were penalised. 
 
 

 



 

Question 40 

A spherical cap is the section of a sphere cut off by a plane as shown in the diagram below. 

The volume of a spherical cap with base radius a and height h is given by ( )2 23
6CAP
hV a hπ

= + . 

a. In a sphere of radius R, show that ( )
2

3
3CAP
hV R hπ

= − .       2 

 

 

 

 

 

 

Solution Marking Scheme: 

       1 mark for correctly working out a2 (or a) 

       1 mark for correct substitution and        
       working to obtain the result. 
 
 
      Marker’s Comments: 
 
       Many candidates failed to find the  
       relationship of a in terms of R and h. 
 
       Candidates who equate the two equations  
       from the questions gained no marks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
b. Darth Parker is constructing a Maff Star by intersecting a sphere of radius 100 km with a sphere of 

radius 40 km such that their centres are 120 km apart. 
The smaller sphere is then discarded, leaving a curved dent on the surface of the larger sphere, as shown 
in Diagram 1 below. 

 

Diagram 2 above shows a cross section of the intersecting spheres, where A and B are the centres of the 
larger and smaller sphere respectively and 𝑋𝑋 and 𝑌𝑌 mark where the spheres intersect on the cross section. 

I. Given that AB bisects XY, show that AB XY⊥ .       1 

 
Solution 

 

Marking Scheme 

1 mark using the correct circle theorem. 

Marker’s comments 

Candidates needs to be precise with language and not use the converse theorem otherwise full mark is not 
given. 

Significant number of candidates should pay attention to this question being 1 mark, as many used 
congruent triangles which is not efficient. 

 

 

 

 

 

 

 



 

 
 

I. Hence, find the exact volume of the Maff Star.       4 

 

Solution 

 

 



Marking Scheme: 

1 mark for the volume of the big sphere. 
1 mark for finding correctly the “green” cap (see diagram in the previous page). 
1 mark for finding correctly the “red” cap (see diagram in the previous page). 
1 mark for the correct answer in exact value. 
 

Marker’s comments 

- Poorly done by many candidates. 
 


