MINISTRY OF EDUCATION, SINGAPORE

in coliaboration with
;] 1 CAMBRIDGE ASSESSMENT INTERNATIONAL EDUCATION
General Certificate of Education Ordinary Level

L -arer—a.

CANDIDATE |
NAME ‘

CENTRE S | l INDEX |
NUMBER NUMBER |

— - — b

ADDITIONAL MATHEMATICS 4049/02

Paper 2 | October/November 2022

2 hours 15 minutes
Candidates answer on the Question Paper,

Nc Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your Cenire number, index number and name in the spaces at the top of this page.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

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

DO NOT WRITE ON ANY BARCODES,

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in
degrees, unless a different level of accuracy is specified in the question.

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

You are reminded of the need for clear presentation in your answers.

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

The total number of marks for this paper is 90.

This document consists of 19 printed pages and 1 blank page.

i‘,@h!
(SEAB b 1
'i ﬂr{lﬁngapnr& Examinations and Assessment Board Cambr!glge ASSESSI'!‘.!EI'I":
v & International Education
her
® UCLES & MOE 2022 DC (CE/SW) 301828/6

Oct/Nov 2022 Paper 2 {1)



Mathematical Formulae

1. ALGEBRA

Ouadratic Equation
For thé equation ax® +bx+c =0,

o TR v b2 —4dac
x e
2a

Binomial expansion

(@+b)=a"+ (T)a""lb+(:)a”_zbz B (f)a"“"b’” Ao B,

‘ LA ! —1D)...(n—r+1
where # is a positive integer and : B - n(n—1)...(n~r+1)
s }"l (ﬁ_'.if") f r{

2. TRIGONOMETRY
Identities
5in°A4 +cos?4 = 1
sec’d = 1+tan’4
cosec’4 = 1+ cot’4
sin(4+B) =smAdcosBtcosdsmB

cos{A£B)=cosAcosBTFsindsinB

sin24 = 2sinA4cosA

c0s24 = c0s’4d —sin®d = 2cos’d—1 = | —2 sin’4

syl = 2 tanzf
1 —tan“4
Formulae for AABC
a b C

el

sind _ sinB _ sinC
@’ =b*+c*~2bccosA

1,
&“EbuSIHA
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1 In 2010, there were an estimated 2400 birds of a particular species in a certain country. In 2013, the
numbers were estimated to have fallen to 2050. Scientists believe that the number of these birds, N, can
be modelled by the formula N = 2400, where £ is the time in years after 2010,

(a) Estimate the number of birds in the year 2017. 14]
Whent=3 , N= 2050

s 24002 %K = 2050

— a400 48
-3KIhe =l 3g
“3Kk = |n AL
3K = In 25

K= 0052543

When t=%, N= a400e™" 052643 (¥)

166]-4

= 1660 (3 5-4)

(b) The species is labelled “under threat” when the number of birds falls below 1200.
Estimate the year in which the species might be first labelled “under threat”. [2]

let 1200 = 2400 ¢~ 052545t
05 =c-0-052543t

In 0.5 = =0-052543¢

-t =13-192
estimated yeor = 2010 + 14
= 2024
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2 Ttis giventhat f(x)=x’+ax®~3x+b, where q and b are constants, has a factor of x+2 and
leaves a remainder of 30 when divided by x—3.

(a) Find the values of & and b. ' [4]
f(-2) = -8+4a+6+b =0
- b= 2-4a @
£(3)= a¥+%a-9+b =30
hdolvin‘q@ & @2):

A-4a = ld-9a
fa =10
a= 2

b=2-4(2) =-6

- (b) Using these values of « and b, factorise {(x) completely into three linear factors, using surds where
necessaty. [3]

Step - Long Division Step -

x* -3 | flx) =@+2)(x*-3)
X+2 |+ 22*-3x -6 = (x+2)(x—43)(x +3)
~(x%+ 227
-3X -6
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(a) Prove the identity tan28(2cos@—sec) = 2sinb.

[4]
LHS = tan28(2cos6—secd)
= &in20 R
s 26 (20056 - a5p)

= 2sin0wsO y PO =1
W s O
= 4sinGwsb
s
= 2s5in® = RHS (shown)

(b) Hence solve the equation tan20(2cosf—sec6) =1secf for 0° < 9 < 360°. [4}

tan20(2 cos@—secH) = %—sea 6
. |

from part @) 2sin@ =

205 O
2 (25in6 c0s6) = |
§in A0 = &
Step |: Basic £ for 26 = sin™' &
= 30°

Step2 : 20 lies in It or 2" quad.
Stepd: 0° <26 < 320°

Heace, 26 =30°, 150°, 3%0° or §10°
- G=15°, 751 195° or 255°
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Axcm

The c?iagram shows a closed food container designed in the shape of a cuboid. The rectangulér base
has diminsions of xcm and 3xem. The height of the container is Zem. The volume of the container is
2000cm®.

16000
S 4]

(a) Show that the total surface area of the six faces of the container is 6x* +

3x X x X h= 2000

3hx*= 2000

b= 0@

A= 2(3xh) + 2(xh) + 2(3%%)
= 8hx + 62°
- = 8(2%)x +6x’

Ix?
= 6000
= 612 t ‘ 3X (ShOWﬂ)
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(b) Given that x can vary, find the value of x for which the total surface area is stationary. [4]

Stepl:  A=éx*+ 14801

di - _ 16000 -2
e 12X 3 X

X2
36x° —16 000
3x?
: dA  _
Sfepl LeT 9 = 0

3622 16000 = 0

X3 = iagm
- X = F6314
= %63

(¢) Determine whether this value of x gives a maximum or minimum value for the total surface area
of the container. 2]

j_i = 12 160300 x-2
dA - 32000 -3
o 12 + - p 4
= 12 + 32000
3x°

>0

By 2" derivative tfest, x =763 gives
aminimnum value to A .
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5 A calculator must not be used in this question.

(a) Show that tan75° =243, [4]

tan 35° = tan (45°+ 30°)
= tan45° + tan30°

| = tan45°+an30°
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(b) Use the result from part (a) to find an expression for sec?75°, in the forin a+5v3 where g and
[2]

b are integers.
sec’#15°= | + tan® 35°

=+ (a+3)>
=|t4+4]3 +3

=8+ 40

(¢) Hence express cos*75° inthe form c+dv/3, where ¢ and d are fractions.

i
s +H" = cec? 15°
!
8+4]/3
8+4/3 8-4J3
= 8-403
8% -(43)*

= 8-4/J3
64 — 48

= s | _
’ I4GJ§ Wl o
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6 (a) Solvetheequation 2¥+4""1=15 [5]

2% +(22)*" =15
21 + 221-2 =5

4a + a* =60
a*+ 4a -60=0
(a +10)(a-6)=0
~a=-10 or a=6
ie- 22=-10 or 2*=¢
| (No Solution) IJZ"= '36

x@2=?6
- o 6
= 2.-58 sgs.f.)
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(b) Thecurve y=35—e” intersects the x-axis at 4 and the y-axis at B,

() Find the coordinates of 4 and B, in logarithmic form where appropriate.

Find A: Lef3=0 Find 8: lef =0

F-e¥ = y = 5-¢°
61:{:5 =4
he** =} B =1(0,4)
22 =Ind

A=2h)

- A =(%In 5/ O)

(i) Find the gradient of the curve at 4.

Step ﬁ-‘i -2

Step2: When x = 2zl 5,
ﬁ,: —262('.%.”15)
_261:-;5

-2(5)
=10

/
nal=a,
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A é B
WEST L Ll LS |— //ff[!’féz"f/dg EAST

Two countries are separated by a border that runs from west to east. Villages 4 and B lie on the bord
A helicopter flies 30km from village 4 to a village C. Angle B4AC is 0°. The helicopter then trav.

20km to a village D at an angle of 90° to AC as shown. You can assume that the helicopter always fl.
at the same height.

(a) Show that the shortest distance of village D from the border is (30 sin®—20 cos 0) km.

Refer to the above sketch :
Z ACX =180°- 6 -90° = 10°- 6
Hence, £ EGD = 90" - (70°-6) = 6

" - XC = EC
sin B 36 cos O 20

XC =30sin0 EC= 20c0s O

Shor test distance of D

from the border = YD
| = XC —EC
= (305m0O — 20 c0s0) km
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(b) Express 30sin6—20cos@ inthe form Rsin(9—a) where R > 0 and 0° < o < 90°. [4]

R = A/30% + 20°

. 30 in@ - a0 cos© = 10J13 sin (6 - 33.%%)

(¢) Find the value of 9 if village D is 10km from the border. 2]

Let 10 )3 sin (6- 33.3%) = 10
sin (6-33.) = 7

Step | : Basic anglc for 6-33-F°=16-1°

Step 2° 6-33-3° lies in 15T or 279 quad .

Step 3 ° 6-33-3°=16]° or 0-33-3°=180°-16:1°
6=49-8° or 06=19%6°
CneJ- as 6 is acufe)
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8 Theequationofacurveis y=x-3)Vax+1.

dy  3x-2
de  2x+1° 4]

dﬁ- = (x-3) '/i/(ZZH)-%.Vj + (21+I)%.(l)

= (22+)7% - [ (x-3) + (22 11) _

= (2x+1)77Z (3% -2)

= 3%-12
N 2%+ |

{a) Show that

(shown)

(b) A particle moves along the curve in such a way that the x-coordinate is increasing at a constant
rate of 0.15 units per second. Find the rate of change of the y-coordinate at the point where x = 4,

2]

Given, P =015
Find j% when X = 4

Chan -rule : #= ﬁ X %

= 3(4)-2
N2(4)+]

= 0-5 wifs /s

X 0-15
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4
(¢) Use the result from part (a) to evaluate j'; 1/% dx. 14]

J~4— x o f4 3X

0427611 .szﬂ

4 Bx-2t2
N 22+

=114 3x-2 2 4 _| o
d¥ A
3J o [2xt| . 3Jo Jaxti

= }[(x-3)VzxFi J“ + 33 Gue)™F dx

dX

- ik
-3

P | 2xHL
sL3- (-] 4 (*)(z)]
=24 EHHHJT,
=2+ 300-0
= 10
3
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9  The equation of a circle is x*+y* —16x—2y+40 =0,

(@) Find the radius and coordinates of the centre of the circle. 4]

(x*-16%) + (y*-29) + 40= 0
(x-8)*-8% +(y-1)"-1"+40=0
(x— 8 +(y-N* = 52

radius = 5units, centre (8, 1)

(b) Find the shortest distance of the centre of the circle from the line y = 2x and hence explain why

the circle does not intersect the line y = 2x., [5]
J N Stepl: lef the shortest distance
| of anire of cirdle to y=22
y= 2% be d.
Step2: the line d is perpendicular
Il To y=2% ,i-e- has a gradient
I M(ﬂuiﬂ of .
1 d Step 3 : Let the intersection of
] (8,1) lime d and y=2% be M.
: 7 X Let x-wordinolk of M =a,
I then y- wordinald of M =24, .
T Step4: 2a-1 _ -1
| —~ R
j §-a = 4a-2
5a =10
a=2 s M= (234’)

Step5: d=(8-2)* (1-4)° 3ince d 7 radius of circle,
=J45 the circle does not

= 34? units /6'7" in'l'ErSEOf 3= 2% -

© UCLES & MOE 2022 4049/02/0My22
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The point C (11, 5) lies on the circle and CD is a diameter of the circle.

(¢) Find the coordinates of D, [2]

c(1,5)
quits By similar A\s
X -wordinate of D= 11-6
4units =9
H-wordina-le of D= i

D € units = -3
- D=(5,-3)
© UCLES & MOE 2022 4049/02/Q/N/22
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10

O X

9

The diagram shows part of the curve y = 35, andthetangent to the curve at the point P(—3,1).The

curve intersects the y-axis at 4 and the tangent intersects the y-axis at 5.

(a) Determine, with full working, whether B is nearer to O or to A. 16]

: 1
Point A : Sub X =0 int0 Y= 3-2%

y= 3
3

o A= (OJ 3)

Finding EcLuaﬂon of tangent line:
y=1(3- -2%)""

4 = q¢1)(3- 2%)"% (-2)
N

(3-2%)> 18
When Xx=-3, 3radi€fﬂ'0'f' ‘l'a.nge:rl' ling = (3+6)?

2

A=
T ————————

GI
Eq’ua-han of +anﬂeni- ling: Y - l = 3 g(x+3)
x t3

- gx+d

Point B: Sub =0 into

distance of 0B = —g-unii's.
distance of AB = 3 — % - '45 units
. B is nearer to A.
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(b) Find, showing all necessary working, the value of the constants ¢ and 5 for which the area of the
shaded region can be expressed as aln3 + 4. [6]

Shaded Area
= Ared under Area of

Curve ~  Trapezium
~ (0 _1 _[3H+D)
_j-a x4t~ | (113 |

0
= %—ln(3-21):|_3 ok ;

il
ks
S
(&N
|
—r

5
a_
W
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