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Additional material: Writing paper

INSTRUCTIONS TO CANDIDATES

Do not open this booklet until you are told to do so.

Write your name, register number and class on all the work you hand in.
Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid.
Answer ALL questions.

Write your answers on the writing paper provided.

If working is needed for any question, it must be shown with the answer.
Omission of essential working will result in loss of marks.

Write the brand and model of your calculator in the space provided below.

INFORMATION FOR CANDIDATES

You are expected to use an electronic calculator to evaluate explicit numerical expressions.

If the degree of accuracy is not specified in the question, and if the answer is not exact, the answer should
be given to three significant figures. Answers in degrees should be given to one decimal place.

For 1, use either your calculator value or 3.142, unless the question requires the answer in terms of 7 .

The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 80.

For Examiner’s Use

Brand / Model of Calculator

This question paper consists of 7 printed pages, including the cover page.

Setter: Ms Shen Sirui Vetter: Mr Nara



1. ALGEBRA

Quadratic Equation
For the equation ax® + bx + ¢ =0,

_ —b++/b? —4ac

2a

X

Binomial expansion

(@+b)" =a™+ (}a"*b+ (})a™2b* + -+ (1)a™"b" + -

. o ! -1)..(n—-r+1
where N is a positive integer and (f) = (n—nr)vrv = )rfn L))

2. TRIGONOMETRY
Identities
siff A+cos?A=1
sec?A=1+tan’A
cosec 2A =1+ cot ?A
sin (A+ B )=sin Acos B +cosAsinB
cos (A+B)=cosAcosB + sinAsinB
tanA + tanB
1 + tanAtanB
sin 2A =2 sin A cos A
cos2A=cos?A—-sin?A=2cos?A-1=1-2sin’A
2tanA
1-tan*A

tan(A + B) =

tan 2A =

Formulae for AABC
a b c

sinA sinB sinC

a’=Db?+c?>—2bc cos A
Area of A :Eab sinC

+b",
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3

) On the same diagram sketch the curve y? = 8x and y = 6x72 . [2]

(i) Find the coordinates of the point of intersection of the two curves. [3]

[Turn over
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A particle moves along the curve y = e?* in such a way that the y-coordinate of the particle
is increasing at a constant rate of 0.3 units per second. Find the y-coordinate of the particle at

the instant when the X-coordinate of the particle is increasing at 0.01 units per second.

[4]

The equation of a curve is y = 3x? — kx + 2k — 4, where K is a constant. Show that the

line y = 2x + 5 intersects the curve for all real values of k. [5]
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4 (a)  Giventhat (3*%2)(2¥2) = 62* , find the value of 6% . [3]

(b) The side of an equilateral triangle is 6(v/3 — 1) cm. Without using a calculator,

find the exact value of the area of the equilateral triangle in the form

(a + bv/c) cm?, where a, b and ¢ are integers. [4]
5 Find the range of values of X for which the gradient of the graph y = x* — 3x3 — 6x% + 6 is
increasing. [5]

[Turn over
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A curve has the equation y = (2x —3)? — 1.

(i) Find the coordinates of the points at which the curve intersects the x-axis. [2]

(ii)  Sketch the graph of y = |(2x — 3)? — 1]. [3]

(iii)  Using your graph, state the range of values of k for which |(2x —3)? — 1| = k has

4 solutions. [1]

[Turn over
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3
R

Show that f"(x) + 16f(x) = 8x? + 17 .. [5]

7 It is given that f'(x) = x + sin4x and f(0) =

8 Solve the equation 6sin?x + 5cosx = 5 for 0° < x < 360°. [5]

[Turn over
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(a) Given that the first two non-zero terms in the expansion, in ascending powers of X, of

(1+ bx)(1 + ax)® are 1 and —24—1x2 and that a > 0, find the value of a and of b.

[5]

. . . . 1\°
(b) Find the term independent of X in the expansion of (2x + x_Z) . [3]

[Turn over
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The equation of a curve is y = 2;6_1 .
(i) Find the coordinates of the stationary points of the curve. [4]
(i) Determine the nature of each of the stationary points of the curve. [4]

[Turn over
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10

4
Q\y 12
Gx12)?
!
0 B 3
12

The diagram shows part of the curve y = meeting the y-axis at point A. The

(3x+2)2
tangent to the curve at A intersects the x-axis at point B. Point C lies on the curve such that
BC is parallel to the y-axis. Find

@) the equation of AB, [4]

(ii) the area of the shaded region. [5]

[Turn over
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12 (a) State the values between which the principal value of tan™!x must lie. Give your

answer in terms of T . [1]

(b) The diagram below shows triangle ABC where AD =2 m, DC =3 m and BD = h m.
BD is perpendicular to AC and 64 + 6, = 45°.

B
%
hm
2m u 3m
A D C
By using a suitable formula for tan(6; + 6,) , find the value of h. [5]

[Turn over
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13

The Ultraviolet Index describes the level of solar radiation on the earth’s surface. The
Ultraviolet Index, U, measured from the top of a building is given by U = 6 — 5cosqt,
where t is the time in hours, 0 < t < 20, from the lowest value of Ultraviolet Index and q is

a constant. It takes 10 hours for the Ultraviolet Index to reach its lowest value again.

(i) Explain why it is impossible to measure a Ultraviolet Index of 12. [1]

(i)  Show that q = g [1]

(iii)  The top of the building is equipped with solar panels that supply power to the building
when the Ultraviolet Index is at least 3.5. Find the duration, in hours and minutes, that

the building is supplied with power by the solar panels. [5]

END OF PAPER
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2 hours 30 minutes
Candidates answer on the question paper.

INSTRUCTIONS TO CANDIDATES

Do not open this booklet until you are told to do so.

Write your name, register number and class on all the work you hand in.
Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer ALL questions.

Write your answers in the spaces provided on the question paper.

If working is needed for any question, it must be shown with the answer.
Omission of essential working will result in loss of marks.

Write the brand and model of your calculator in the space provided below.

INFORMATION FOR CANDIDATES

You are expected to use a scientific calculator to evaluate explicit numerical expressions.

The use of an approved scientific calculator is expected, where appropriate.

If the degree of accuracy is not specified in the question, and if the answer is not exact, give the answer to
three significant figures. Give answers in degrees to one decimal place.

For 1, use either your calculator value or 3.142, unless the question requires the answer in terms of 7.

The number of marks is given in brackets [ ] at the end of each question or part question.
The total of the marks for this paper is 100.

Brand / Model of Calculator For Examiner’s Use

Total

This question paper consists of 15 printed pages.

Setter: Mr. Gabriel Cheow Vetter: Mr. Narayanan




1. ALGEBRA

Quadratic Equation
For the equation ax> + bx + ¢ =0,

_ —b++/b* —4ac

2a

n_ AN n n-1 n n-2p42 n n—ri,r n
(a+b)"=a"+ . a b+ 5 av b +...+ ] a'b" +...+b

n'  n(n=D..(n—r+1)
r!(n—r)!_ r!

X

Binomial expansion

. n
where N is a positive integer and ( j =
r

2. TRIGONOMETRY
Identities

sin®> A+cos” A=1

sec> A=1+tan” A

cosec’A=1+cot’ A
sin(A+ B) =sin Acos B +cos Asin B
cos(A+B) =cos Acos B+sin 4sin B

tan At tan B
1+ tan Atan B

sin2A=2sin Acos A

tan(A+B) =

cos2A=cos’ A—sin’ A=2cos’* A—1=1-2sin* A

tan2A = ﬂ
1—tan” A

Formulae for AABC
a b c

sinA sinB sinC
a’=b?+c? —2bccos A

AzlesinA
2
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For For
Benners |1 The roots of the quadratic equation 2X> —8X+9 = 0are  and 3. P
(i) Show that the value of o’ + 3’ is 10. [3]
. : : 1
(ii) Find a quadratic equation whose roots are —; and > [4]
a +p a+pf

MFSS/4E5N/4047/2/SA1/2019 [Turn over



For For
Examiner . . Examiner's
Xa[,“s'ge” 2 The function f(x)=6x"+ax’ +bx—12, where a and b are constants, is exactly| ~ yg

divisible by X + 2 and leaves a remainder of 5 when divided by X + 1.

(i) Find the value of a and of b. [4]
(ii) By showing your working clearly, factorise f (X). [3]
(iii) Hence, solve the equation 6(2°7)+ 2" —2¥** —12 =2% [4]

MFSS/4E5N/4047/2/SA1/2019 [Turn over



For For
Examiner's 3 Examiner's
Use (i) Express —; 2x+16 in partial fractions. [5]] Use

(X" +4)(2x-1)
(i) Differentiate In(x* +4) with respect to X. [2]

X+8
(x> +4)(2x-1)

[4]

(iii) Hence, using your results in (i) and (ii), find I

MFSS/4E5N/4047/2/SA1/2019 [Turn over



For For
Braminers |4 Prove the following identities. Examiner's

Use Use
(a) (sec x—tan X)(cosec X+1) =cot X [3]
LHS = (secx —tanx)(cosecx + 1)

1_C052X+Smxztanx 3]

(b) —
sin 2X + cos X

MFSS/4E5N/4047/2/SA1/2019 [Turn over



For For

Bramners |5 The lines y =8 and 4x+3y =30are tangent to a circle C at the points(~1,8) and Eraminer's

(3,6) respectively.

(i) Show that the equation of C is X* + y* +2X—6y—15=0. [5]

(ii) Explain whether or not the x-axis is tangent to C. (3]

(iii) The points Q and R also lie on the circle, and the length of the chord QR is 2
units. Calculate the shortest distance from the center of C to the chord QR. [2

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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Use
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6

The table shows experimental values of two variables X and y, which are known to
be connected by the equation yx" = A, where n and A are constants.

X

1.0

1.5

2.0

2.5

3.0

y

22.0

13.0

8.9

6.9

53

(i) Plotlgy against Ig X and draw a straight line graph.

[Turn over
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For For
Examiner's Examiner's
Use .. ) Use

(ii) Use your graph to estimate the value of A and of n. [4]

(iii) On the same diagram, draw the line representing the equation y = x> and hence
find the value of x which satisfies the equation X"** = A. [2]

MFSS/4E5N/4047/2/SA1/2019 [Turn over



10

For For

Bxaminers |7 The diagram shows a trapezium with vertices A(-2.5,0), B(0, p),C(1,3) and D. Examiner's

Use Use
The sides AB and DC are parallel and the angle DAB is 90°.
Angle ABO is equal to angle CBO.

C(1,3)

A(-Q..ﬁ,n)\/é
D

Y
&

(i) Express the gradients of the lines AB and CB in terms of p and hence, or
otherwise, show that p=35. [3]

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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For For
Examiner's Examiner's
Use . . Use
(ii) Find the coordinates of D. [4]
(iii) Find the area of the trapezium ABCD. [2]

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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For For

Bramners 18 (a) Solve the equation3log, 3=8—4log, X . [5]| P@mers

—

(b) It is given that log, Xx=p and log, y=(.
Express log, ax’y’ in terms of p and q. (3]

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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9

13

The figure shows a stage prop ABC used by a member of the theatre, leaning against
a vertical wall OP. It is given that AB =30 cm, BC =100 cm, ZABC = ZAOC =90°
and Z/BCO=4.

¢
(i) Show that OC =(100cos#+30sin#d) cm . [2]
Let D be foot of B on OC, let E be foot of A on BD.

(ii) Express OC in terms of Rcos(d —«), where R is a positive constant and a is

an acute angle. [3]
(iii) State the maximum value of OC and the corresponding value of 6. [2]
(iv) Find the value of & for which OC = 80 cm. (3]

For
Examiner's
Use

[Turn over
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For For
Examners | 10 Given that y =a+bcos4x, where a and b are integers, and X is in radians, Examiners

Use Use
(i) state the period ofy. [1]

Given that the maximum and minimum values of y are 3 and — 5 respectively, find
(ii) the amplitude of y, [1]

[2]

Using the values of a and b found in part (iii),
(iv) sketch the graph of y=a+bcos4x for 0<x<r. [3]

(v) On the same set of axes, sketch the graph of y = |4 sin3X|, and hence state the

number of solutions of a-+bcos4x =|4sin3x|. [3]

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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For For
E"ag‘s"e‘er's 11 The dimensions of a cuboid are 3x cm by 2x cm by h cm and its total surface area is| &%
312 cm?. The volume of the cuboid is V cm?.

(i) Express h in terms of X. [2]

(i) Show that V = % X(26—Xx2). 2]

(iii) Find the maximum volume of the cuboid as X varies, giving your answer to the
nearest cm’. [5]

MFSS/4E5N/4047/2/SA1/2019 — End of Paper —
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Additional material: Writing paper

INSTRUCTIONS TO CANDIDATES

Do not open this booklet until you are told to do so.

Write your name, register number and class on all the work you hand in.
Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid.
Answer ALL questions.

Write your answers on the writing paper provided.

If working is needed for any question, it must be shown with the-ahswer.
Omission of essential working will result in loss of marks.

Write the brand and model of your calculator in the space provided below.

INFORMATION FOR CANDIDATES

You are expected to use an electronic calculator to evaluate explicit numerical expressions.

If the degree of accuracy is not specified in the question, and if the answer is not exact, the answer should

be given to three significant figures. Answers in degrees should be given to one decimal place.
For 1, use either your calculator value or 3.142, unless the question requires the answer in terms of 7 .

The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 80.

For Examiner’s Use

Brand / Model of Calculator

This question paper consists of 7 printed pages, including the cover page.

Setter: Ms Shen Sirui Vetter: Mr Nara



1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ =0,

_ —b++b?* —4ac

2a

X

Binomial expansion

(a+b)"=a"+ (})a™ b+ (3)a" 2b* + -+ (1)a™"b" + -

n! _ nn-1)..(n-r+1)
(n—-r)ir! - r!

where N is a positive integer and (7:) =

2. TRIGONOMETRY
Identities
sin> A+ cos?A=1
sec 2A =1+ tan %A
cosec 2A=1+cot ’A
sin (A+ B )=sin Acos Bt cosAsinB
cos (A+B)=cosAcosB +sinAsin B
tanA + tanB
1 + tanAtanB
sin 2A =2 sin A cos A
cos2A=cos*A—sin2A=2cos?A-1=1-2sin2A
2tanA
1-tan*A

tan(A + B) =

tan 2A =

Formulae for AABC
a b c

sinA sinB sinC

a’>=b? +c?> —2bc cos A
Area of A =5ab sinC

+b",
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3

1 (i) On the same diagram sketch the curve y? = 8x and y = 6x72. [2]
(ii)  Find the coordinates of the point of intersection of the two curves. [3]
Qn Solution Mark
1 f ‘l‘ﬂ B1 for y* = 8x
|
| \, Bl fory = 6x72

i |yZ=8x——— (1)
y=6x"%———(2)
Sub (2) into (1): (6x72)? = 8x
36
x—4 = 8x
x> =45
x = 1.3509
y = 3.2877

Intersection: (1.35, 3.29)

M1 for substitution

M1 for value of X or y

Al

[Turn over




4

A particle moves along the curve y = e?* in such a way that the y-coordinate of the particle
p g y y y p

is increasing at a constant rate of 0.3 units per second. Find the y-coordinate of the particle at

the instant when the X-coordinate of the particle is increasing at 0.01 units per second.

[4]

Qn Solution Mark

y = e

d_y _ e M1 for dy/dx

dx

dy dy dx

dx_dt dt _ '

2e?* = 0.3 +0.01 M1 for sub into equation

22X = 15 connecting dy/dx, dy/dt, dx/dt

In15

x=— leorlenTlSorez":lS
In15

Sub x =

e
n
y=ez(T) =15

Al

The equation of a curve is ¥ = 3x? — kx + 2k — 4 , where K is a constant. Show that the

line y = 2x # 5 intersects the curve for all real values of k. [5]
Qn Solution Mark
y=3x*—kx+2k—-4———(1)
y=2x+5--—-(2)

(D)=(2):3x>—kx+2k—4=2x+5
3x2 —kx—2x+2k—9=0
x> —(k+2)x+2k—9=0

b%? —4ac = [-(k + 2)]? — 4(3)(2k — 9)
= k% + 4k + 4 — 24k + 108

=k%—-20k + 111
= (k —10)? — 10% + 112
= (k—10)%>+12

Since (k — 10)% + 12 > 0,b? — 4ac > 0 and line
intersects the curve for all real values of k.

M1 for combining equations

Ml forax? + bx+c=0

M1 for subs into b? — 4ac

MI for (k — 10)2 + 12

A1 for conclusion

[Turn over
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(a)  Giventhat (3**2)(2%¥72) = 62*, find the value of 6% . [3]

(b)  The side of an equilateral triangle is 6(v/3 — 1) cm. Without using a calculator,

find the exact value of the area of the equilateral triangle in the form

(a + b\/c) cm?, where a, b and ¢ are integers.

[4]

Qn Solution Mark
a (3x+2)(2x—2) — 62x
3%(32)(2%)(27%) = 6** M1 for 3*(32%) or (2¥)(272)
9
x () = g2x 2
6 <4> 6 M1 for 6% (2)
6* = 2 Al
4
b 1 2
Area = = [6(V3 —1)] sin 60 Ml

= %(36)(3 —2V3+1) <§)

= 9V3(4 — 2V3)
= 36V3 — 54
= —54 4+ 36V3

Ml for (3 —2v/3 + 1)
M1 for (\/2—5)

Al

Find the range of values of X for which the gradient of the graph y = x* — 3x3 — 6x? + 6 is

increasing. [5]
Qn Solution Mark
y=x*—-3x3—-6x2+6
dy ay
e 4x3 — 9x? — 12x M for ==

d?y
W =12x% —18x — 12

12x%2 —18x—12>0

2x2—-3x—-2>0

2x+1)(x—2)>0
1

L == 0
x 51X

2
M1 for 2y
dx?

2
M1 ford—z >0
dx

M1 for factorised form

Al

[Turn over




6

A curve has the equation y = (2x —3)2 — 1.

(i) Find the coordinates of the points at which the curve intersects the x-axis. [2]

(ii)  Sketch the graph of y = |(2x — 3)% — 1].

(iii)  Using your graph, state the range of values of k for which [(2x —3)? — 1| = k has

4 solutions.

[3]

[1]

Qn Solution Mark
i (2x—=3)2-1=0 Ml
2x —3=+1
x =1, x=2
(1,0) (2,0 Al or B2

i

S

T1 for turning point (1.5, 1)
P1 for (1, 0) and (2, 0)

C1 for shape of graph

il

B1 (no mark if students got
part ii wrong)

[Turn over
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7 It is given that f'(x) = x + sin4x and f(0) = % )
Show that f"(x) + 16f(x) = 8x% + 17 . [5]
Qn Solution Mark
x?> cos4x x?>  cos4x
f(x)=7— 2 c leor;—
3 o 1,
AR
c=1 x?  cos4x
x? cos4x Ml for f(x) ==————+1
fo=2-=2 2
F7(x) = 1 + 4 cos 4x M1 for 1 + 4 cos 4x
2 cosdx M1 for sub into f"'(x) +
f"(x) +16f (x) = 1+ 4cos 4x +16(— ——,—+1) 16f(x)
=1+4cos4x +8x? —4cosdx + 16 } Al
= 8x%+ 17 ‘
8 Solve the equation 6sin?x + 5cosx = 5 for 0° < x < 360°. [5]
Qn Solution Mark

6(1—cos?x)+5cosx =75
6 —6cos’x+5cosx—5=0
6cos’x —5cosx—1=0
(6cosx +1)(cosx—1)=0

1
cosxz—g, cosx =1
a = 80.405 (Rej)

x =180 —,180 + &
x = 99.6°, 260.4°

M1 for 1 — cos? x

M1 for equation

M1 for cosx = —%

M1 for basic angle

A1 for both answers
Ignore if students do not reject
cosx =1

[Turn over




8
(a) Given that the first two non-zero terms in the expansion, in ascending powers of X, of

(1+ bx)(1 + ax)® are 1 and —%xz and that a > 0, find the value of a and of b.

[3]

9
(b) Find the term independent of X in the expansion of (Zx + xiz) . [3]
Solution Mark
(1+a0f =1+ ($) W3 @0! + (3) ()@ + -
=1+ 6ax + 15a%x? + - M1 for 1 + 6ax + 15a*x?
(1+bx)(1+ax)®=(1+bx)(1+ 6ax + 15a%x? + --+)
=1+ 6ax + bx + 15a%x? + 6abx? + -
6a+b=0 Ml for6a+b =0
b=—6a———(1)
15a2+6ab:—2———(2) M1f0r15a2+6ab=—%
4
21
sub (1) into (2): 15a* + 6a(—6a) = -
212 = 21
a 1— 2
2 —
a 14
—— Al
473
bh=-3 Al
9 (1Y 9 or (1Y
Try1 = (T) (2x)°7" (F) M1 for (r) (2x) (xz)
For x°, x°7"(x)™2" = x°
r=3 Ml forr =3
3
9 .1
Tt = (3) @077 ()
_ 6(+)—6
= 84(2x)°(x) Al
= 5376

[Turn over
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2

The equation of a curve is y =

2x-1"
(i) Find the coordinates of the stationary points of the curve. [4]
(ii) Determine the nature of each of the stationary points of the curve. [4]
Qn Solution Mark
i x?
YT -1 |
dy 2x(2x —1) — 2x? M1 for quotient or product rule
dx  (2x-1)2
_ 2x%?—2x
- (2x — 1)2
dy 2x?% — 2x o2
h = 0'— =0 ' x“—2x —
when I 2x —1)2 MI for 12 0
2x(x—1)=0
x=0x=1 M1 for both
y=0,y=1

A1 for both coordinates

1

d?y ~ (dx —2)(2x — 1)? — 42x — 1)(2x? — 2x)
dx? (2x —1)*

henx =052 540
when x = ,.dxz—

(0,0) is maximum point.

2.

henx =152 — 250
whenx =1,—— =

(1,1) is minimum point.

OR
X -0.1 0 0.1
dy >0 0 <0
dx
(0,0) is maximum point.
X 0.9 1 1.1
d_y <0 0 >0
dx

(1, 1) is minimum point.

d?y
M1 fOI' @

M1 for sub either x=0orx=1

d?%y

into —
dx?

A1 for (0, 0) max pt
Al for (1, 1) min pt

M1 for 1% derivative test

A1 for (0, 0) max pt

M1 for 1% derivative test

Al for (1, 1) min pt

[Turn over
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11
v
A
C
(Bx+2)?
L
'
0 B X
12
The diagram shows part of the curve y = Grt2)? meeting the y-axis at point A. The
tangent to the curve at A intersects the x-axis at point B. Point C lies on the curve such that
BC is parallel to the y-axis. Find
(i) the equation of AB, [4]
(i) the area of the shaded region. [5]
Qn Solution Mark
i _ 12
Y= Bx+2)
_y = —24(3x + 2)—3(3) M1 for dy/dx
dx
B 72
 (Bx+2)3
d
when x = 0,% S M1 for dy/dx at A
whenx =0,y =3 Ml fory =3
Line AB:y = —9x + 3 Al

i

suby =0,0 =-9x + 3

1
X =

3
B=(3.0)
= (5.

M1 for x-coordinate of B

[Turn over
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1

3
Area of 0ACB = f 12(3x + 2) 2% dx

0
~ [12(3x +2) 11

3
-1(3) 0

3
=1— 3
3x+20

=_L_(_L
3 (L 3(0) + 2

1/1
Area of AOAB = 5 (g) 3) =

2
Area of shaded region = 3~

)

1
2
1
2

= — unit?
6

M1 for — —— (independent of
3x+2
limits)

M1 for area of OACB

M1 for area of tri OAB

Al

[Turn over




12

tan (6, +0,) =
an (6; +6,) 1 —tan6f; tan 6,

(h—6)(h+1)=0
h=6, h=-1(rej)

12 (a) State the values between which the principal value of tan™!x must lie. Give your
answer in terms of 7 . [1]
(b) The diagram below shows triangle ABC where AD =2 m, DC =3 m and BD = h m.
BD is perpendicular to AC and 6, + 6, = 45°.
By using a suitable formula for tan(8; + 6,) , find the value of h. [5]
Qn Solution Mark
i i3
a —E<tan_“x'<§ Bl
b tan 6; + tan 8, M1 for tan addition formula

M1 for either tan 8; = % or

3
tan @, = -

M1 fortan 45 =1

M1 forh? —=5h—6 =0

Al

[Turn over
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13 The Ultraviolet Index describes the level of solar radiation on the earth’s surface. The
Ultraviolet Index, U, measured from the top of a building is given by U = 6 — 5cosqt,
where t is the time in hours, 0 < t < 20, from the lowest value of Ultraviolet Index and q is
a constant. It takes 10 hours for the Ultraviolet Index to reach its lowest value again.

(i) Explain why it is impossible to measure a Ultraviolet Index of 12. [1]
(i)  Show that q = g . [1]
(iii)  The top of the building is equipped with solar panels that supply power to the building
when the Ultraviolet Index is at least 3.5. Find the duration, in hours and minutes, that
the building is supplied with power by the solar panels. [5]
Qn Solution Mark
1 MaxU =6+5=11 B1 for stating max value of U
Since max value of U = 11, we cannot measure a Ultraviolet
Index of 12.
i 21
il 10=°"
q
2w
q = —_—= — _ 2_7-[
10 5 Bl for g = n
iii 6—5costt =35 M1 for forming equation
T . 1
cos 57.[ =3
a=3 M1 for basic angle
s s T s T n
§t=§,2ﬂ—§,§+2ﬂ,2ﬂ—§+2ﬂ leOI‘E,ZT[—E
t = 1.6666,8.3333,11.66,18.33 Ml for all 4 values
Duration = (8.3333 — 1.6666) + (18.33 — 11.66)
= 13.3367
= 13 hours 20 mins Al

END OF PAPER
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1. ALGEBRA

Quadratic Equation
For the equation ax> + bx + ¢ =0,

_—b++b®-4ac

2a

n__ AN n n-1 n n-2p42 n n—rj,r n
(a+b)"=a"+ | a b+ 5 avb +...+ ) a”'b"+...+b

nt n(n=D)...(n—-r+I)
ri(n—r)! Al

X

Binomial expansion

n
where n is a positive integer and ( J =
r

2. TRIGONOMETRY
ldentities

sin® A+cos” A=1
sec’ A=1+tan’ A
cosec’4 =1+cot” A
sin(A+ B) =sin Acos B + cos Asin B
cos(A+B)=cos AcosB sin Asin B

tan At tan B
1+tan Atan B

sin2A=2sin Acos A

tan(4+ B) =

€6s2A=cos’ A—sin’ A=2cos’* A—1=1-2sin”* A

tan2A = ﬂ
l1—tan” A

Formulae for AABC
a b c

sinA= sin B N sinC
a’=b?+c? —2bccos A

A:lesinA
2

[Turn over



MARK SCHEME 3

For

Exaﬂqsizervs 1 The roots of the quadratic equation 2X* —8x+9 =0are o and 3.

(i) Show that the value of o’ + 3’ is 10.

9
d+,3=4,6¥ﬁ=§ [Ml—sum&pdt ]

a2+52=gg+g)2—2aﬁ
oy
a®+p° = (a + p)(a* — af + p*)
- (=)

= 10 (shown)

For
Examiner’s
Use

[3]

. . 1 1
(ii) Find a quadratic equation whose roots are —; and = (4]
a +p a+pf
v 1 . 1 a+p’+a’+p
ew sum: a2 +ﬁ a ,‘ng - 60(2 + B)(a _I_’Bz) [AllOW for ECF ]

_ wF¥pP+al+p
a3+ BaF a?B2 + B3

_ 4%7
1047+ (3)
_44:
T 139
N dt X ! = !
WP A B a g2 (@ + B)(a + B2)
_ 1
_10+9+(9)2
2 2
_
139
N B A A
eweqn: x° —oX + 55 =

139x% —44x +4 =0

MFSS/4E5N/4047/2/SA1/2019
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MARK SCHEME 4

For For

Examiner’ . . Examiner’
EIWers 12 The function f(X)=6x>+ax>+bx—12, where a and b are constants, is exactly| ~ Us

divisible by X + 2 and leaves a remainder of 5 when divided by X + 1.

(i) Find the value of a and of b. [4]

f(=2)=0

—48+4a—-2b—-12=0

f(-1) =5 —
—6+a—-b—-12=5 M1
a—b=23---- Eqn 2 P
Al
Egnl1 —Eqn2:a=7 —
Sub into Eqn 1: b = —16 Al
(ii) By showing your working clearly, factorise f (x). [3]

6x3 +7x%? —16x — 12 = (x + 2)(Ax*> + Bx + C)
By observation: A = 6,C = —6

= 6x3 + 7x% — 16x — 12 = (x + 2)(6x> 4 Bx — 6)

Let x = 1:
6+7—-16—-12=03)(6%+ B —6)
—15 =3B

B = -5

6x3 + 7x% —16x — 12 = (x + 2)(6x% — 5x — 6)
= (x4 2)(3x + 2)(2x - 3)

(iii) Hence, solve the equation 6(2°7)+ 2" —2¥** —12 =2% [4]

6(233/) + 22y+3 _ 2y+4- —12 = 22y
6(237) +8(2%Y) —16(2Y) — 12 = 2%
6(2Y)3 +7(2¥)2 — 16(2¥) — 12 = 0

Let x = 2Y
o (x+2)Bx+2)(2x—3) =0
— 3 23
x="2-33
2 3
2V = =2 (rej.),—g(rej.),z
In2 =1 3
yln2 = n2
_ln1.5_0585 3

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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MARK SCHEME 5

2X+16

(i) Express ¢+ H2x-1)

in partial fractions.

2x + 16 _Ax+B+ C
(x2+4)2x—-1) x2+4 2x—-1
2x+16 = (Ax +B)(2x — 1) + C(x? + 4)

Let x = 0.5:

17 = c(”)

7 \4

c=4
Let x = 0:

16 = B(—1) + 4(4)
Let x = —1:

14 = —-A(-3) + 20

34 =-6

A= -2

2x + 16

)
x24+4 2x—1 Al

(ii) Differentiate In(x” +4) with respect to X.

"t H2x—1

d 2x

‘
dx F72

In(x* + 4)] = 7

For
Examiner’s
Use

[5]

[2]

MFSS/4E5N/4047/2/SA1/2019

X+8
iii) Hence, using your results in (i) and (ii), find 4
(iii) gy (i) and (i) j(x2+4)(2X_1) [4]
f x+8 d _1]‘ 2x + 16 J
+hex—-1D T2 v -
_1}(—2x N 4 )d '
=Sl \exaT a1 [Mlpartlalfrac
- 1f 2 xti@In@x-1)+c) (1)
T T2) s T ‘(M1
1 1 —
=—Eln(x2+4)+cz+ln(2x—1)+§c1 M1
1
=ln(2x—1)—§1n(x2+4)+c Al

[Turn over



MARK SCHEME 6

For For
Eramners 14 Prove the following identities. Bramners
(a) (secx—tan X)(cosec X+1)=cot X [3]

LHS = (secx —tanx)(cosecx + 1)

1 sin x 1 sinx ]
= ( — ) ( — + — )[ M1 sin and cos only ]
cosx cosx/\sinx sinx

_ (1 —sinx)(1+ sinx)
N cos x sin x

[Ml single fraction ]

1 —sin?x
coS x sin x
2
__cosTx (M1 cos2 +sim2=1 ]
CcoSs x sin x
CcoS X

sin x
= cotx

= RHS (proven)

l—cos2X+sinX

(b) = fan X [3]

sin 2X + cos X

1 —cos2x <+ sinx

sin 2x + cos x [Ml cosine double angle ]
_1—-(1-2sin’x) +sihx
"~ 2sinxcosx + cosx [Ml sine double angle J
2sin? x + sinx

LHS =

cosx (2sinx + 1)

(2 si 1
= sinx (2sinx ¥ 1) [Ml factorise and cancel ]

cosx (2sinx + 1)

sin x

COS Xx

=tanx

= RHS (proven)

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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For
Examiner's
Use

MFSS/4E5N/4047/2/SA1/2019

The lines y =8 and 4x+3Yy =30 are tangent to a circle C at the points(—1,8) and
(3,6) respectively.

(i) Show that the equation of C is X* +y> +2X—6y—15=0. [5]

Let centre of circle be O.
Horizontal tangent at (—1,8) means that O is on the line X = — 1.

To find normal of circle at (3,6):

4x + 3y = 30
4
y=—§x+10

3

< Mpormal = Z

3
eqnof normal:y — 6 = Z(x -3)
Whenx = -1,y = 3.= 0(—1,3)

Horizontal tangent is y = 8. Henee radius is 5!
(x+1)?%+ (y—3)2 =52

x2+2x+1+y2—6x4+9=25
x%2 +y%2+ 2x — 6y — 15 = 0 (shown)

(ii) Explain whether or not the X-axis is tangent to C. [3]

C has centre (—1,3) and radius 5.
Hence its horizontal tangentsare y =3+ 5=>y =8ory = -2

x-axis is y = 0, which is between the two horizontal tangents.
Hence the x-axis will cut through C at two points.

Hence the x-axis is not tangent to C.

Alternative solution: Sub y = 0 into eqn of C, show that b? — 4ac # 0.

(iii) The points Q and R also lie on the circle, and the length of the chord QR is 2
units. Calculate the shortest distance from the center of C to the chord QR. [2]

Let M be midpoint of QR. Hence OM perpendicular to QR.
Hence, OM is shortest distance from C to chord QR.
Consider right-angled triangle OMR.

By Pythagoras Theorem,
2\ 2
.
=24 =2V6

=490 3sf) |A1

For
Examiner’s
Use

[Turn over
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MARK SCHEME 8

The table shows experimental values of two variables X and y, which are known to

be connected by the equation yx" = A, where n and A are constants.

X 1.0 1.5 2.0 2.5 3.0

y 22.0 13.0 8.9 6.9 53

(i) PlotIgy against g X and draw a straight line graph.

lg X 0 0.176 0.301 0.398 0.477

lgy 1.34 1.11 0.949 0.839 0.724

For
Examiner’s
Use

[3]

T1 table of
values

i P1 plot of

gy /lgx

L1 scale &

best fit line

Scale: 4 cm to 0.1 units on X-axis, 2 cm to 0.1 units on Y-axis.
Scale used must be appropriate in order to award L1.

MFSS/4E5N/4047/2/SA1/2019
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For
Examiner's
Use

MFSS/4E5N/4047/2/SA1/2019

(ii) Use your graph to estimate the value of A and of n. [4]

yx" =A

lgy+nlgx =1gA

lgy=-nlgx +1gA

Y=mX+c
>m=-n,c=1gA

_ 0.7 —1.34

m="05-0 lM!
=—1.28

n =1.28
c=1.34

lgA =134
A= 10134

_ 219

(iii) On the same diagram, draw the line representing the equation y = x> and hence
find the value of X which satisfies the equation X" = A. [2]

y =x*
lgy =2lgx
Draw:Y = 2X M1 for drawing line ]

Xn+2 =A
(n+2)Igx=1gA
2lgx = —nlgx +1gA

Let graph 1 be lgy = 21gx, and
Let graph2belgy = —nlgx +1gA

From graph, let intersection be (X, Y).
(X,Y) =(0.41,0.82)
lgx =041
x = 100.41

~ 257

For
Examiner’s
Use

[Turn over



MARK SCHEME 10

For For

Bxaminers |7 The diagram shows a trapezium with vertices A(=2.5,0), B(0, p),C(1,3) and D. | Bxamners

The sides AB and DC are parallel and the angle DAB is 90°.
Angle ABO is equal to angle CBO.

Use Use

B(0, p)

C(1,3)

Sz

"'/

(5’\
rms of@@@ hence, or
o\ [3]

p = 5 (shown)

MFSS/4E5N/4047/2/SA1/2019 [Turn over
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Use

MARK SCHEME 11

(ii) Find the coordinates of D.

Mep = Myp = 2

1
mAD = _E O AD 1 CD [Ml mimp; = -1 ]

Let D(k, h)
_3—h

mCD_l_k
_3-h
11—k

3—h=2-2k

Eqnl1linEqn2: 2Qk+1)=—-k—-2.5
S5k=-2-25
k=-09 {Ml solving either unknown]

Eqn1 4+ 2 X Eqh 2: 5h = —4
h=-0.8

 D(-09,-05)

Alternative method: finding eqn of line AD and eqn of line CD.

(iii) Find the”drea of the trapezium ABCD.

For
Examiner’s
Use

[4]

[2]

Areq— |1 0 —25 —09 11 | Ml shoelace method
213 5 0 -08 3 Or attempt to cut up trapezium

=%K5+2—;)—0425—0®]

= 21 units?

MFSS/4E5N/4047/2/SA1/2019
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MARK SCHEME 12

(a) Solve the equation3log, 3 =8—-4log, X.

3logy3 =8 —4log; x

=8—4logs x [Ml common log base 3 eqn ]

logs x
Lety =log; x
E =8—4y
y
3=8y—4y*
4y2 -8y +3=0 (M1 simplify to quad eqn ]

y—-3)2y—-1)=0

y=150r0.5 M1 l

x = 315 or 305

=27 orv3 |Al Al \

(b) It is given that log, X=p and log, y\=(.

Express log, ax’y’ in terms of p and g.

logy ax?y® =lagy a + 2log, x + Blog, ¥ M1 splitting of logs ]
1 log, x
= +2.—8e” 3 M1 l
log, y log, y

12
el Al \
qa q

MFSS/4E5N/4047/2/SA1/2019
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For
Examiner's
Use
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9

The figure shows a stage prop ABC used by a member of the theatre, leaning against
a vertical wall OP. It is given that AB =30 cm, BC =100 cm, ZABC = ZAOC =90°
and Z/BCO=4.

20

C (0]

(i) Show that OC =(100cos @+ 30sind) cm . [2]
Let D be foot of B on OC, let E be foot of A on BD.

CD
cosd =——=CD =100cos b

100
AE
sinf === = AF = 30sin0

OC =CD + AE = 100 ¢cos 8 + 30sin6
(ii) Express OC in terms of Rcos(d —«), where R is a positive constant and a is

an acute angle. [3]
R =+/1002 + 302 M1 for R
= 100v109
a =tan~?! (ﬂ) [Ml for alpha ]
100
= 16.7°(1dp)
~ 0C =10V109 cos(8 — 16.7°)

(iii) State the maximum value of OC and the corresponding value of 6. [2]

0Cpq = 10V109 | B1
9 =16.7° Bl

(iv) Find the value of & for which OC = 80 cm. [3]

80 = 10v/109 cos(6 — 16.7°)
6 —16.7°) g
COS — . = —
755

0 —16.7° = 39.98° (0 is acute)

o =67

For
Examiner’s
Use
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MARK SCHEME 14

For For
Exaa’sizer's 10 Given that y=a+bcos4x, where a and b are integers, and X is in radians, ExalTs'gerys
(i) state the period of'y. [1]
/[
:
Given that the maximum and minimum values of y are 3 and — 5 respectively, find
(ii) the amplitude of'y, [1]
3—(-5
amplitude = %
(iii) the value of a and of b. [2]

a=-1 |Bl

Using the values of a and b found in part (iii),
(iv) sketch the graph of y=a+bcos4x for 0<x<r. [3]

) VM U, T

b Q | C1 shape (cos) |
‘ \ i)‘ ,Q % (\)Q :Pl two periods

r\ C\\ @ :Il impt coords

(5]
—y

)

=

LECF max 2 marks J

@
“‘%‘
§
}/—
Q

[Sl shape (sin) ]

[Ml modulus ]

'
N

|
w

(v) On the same set of axes, sketch the graph of y = , and hence state the

number of solutions of a+bcos4x = |4 sin 3X| . (3]

Number of solutions = 2

MFSS/4E5N/4047/2/SA1/2019 [Turn over



MARK SCHEME 15

For For
Exaa‘sizer's 11 The dimensions of a cuboid are 3X cm by 2x cm by h cm and its total surface area is Exags'gerys
312 cm?. The volume of the cuboid is V cm?.

(i) Express h in terms of X. [2]

2[3x(2x) + 3xh + 2xh] = 312 [Ml form eqn of total SA ]
6x? + 5xh = 156

.2
. 156 — 6x
5x
(ii) Show that V = % X(26—X%). [2]

156 — 6x?
V=020 (T)
156 — 6x?
(1)

36
= ?x(26 — x?)

(iii) Find the maximum volume of the cuboid as X varies, giving your answer to the
3

nearest cm’. [5]
dvV 36
— =—[(26 — x?) + x(—2x)]
dx 5
36 . )
=5 [—3x2 + 26] [Ml differentiate ]
av
dx
3x2—-26=0
26
2 _ 22
Y73
26
x == 3 (rej.—ve + x > 0) [Ml solve for x ]
v _ 36 6
a5 )
d*v 36 26 T
i ?(—6) 3 < 0= max [Ml 2" deriv. test]

MFSS/AE5N/4047/2/SA1/2019 — End of Paper -
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