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1  The expression 7cos6-+4sin® ig defined for 0 < 6 < 7 radians.

(i) Using Rcos(6—c), wher R>0 d0<oc<ﬂ olve the equation 7cos@+4sinb = 6. [4]

Reos @wsa + Rsin@sina, = Feos@ +4sin@
Roosak = F —
Rsina = 4 —
. =4
%. tan & Z 2
a =tan” £ = 051915

R=NFT+ 42 = 5

Feos 8 +48inB =6

N65 cos(0-0.5/915) = 6
cos (8- 05’7’5)'4%

0-0-519/5 = 033145 or 5.551F
. 0= 125 or 6 07 (Rf/'-)

(i) State the largest and smallest values of 80— (7cos@+4sin 0)? and find the corresponding values
of 6. [4]

80 - (7cosd +4sin@)* = 80 - 65[cos (8- 0-51915)]°

Mav. 80 - 65 [cos (6~ 0.51915)]" = 80
when 6\—0-51915 =
= 208499
= 2:09 rad-

Min- 80-65[cos(8-0-51915)]* = 15
when @ - 0-51915 = 0
@ = 0519 rad.

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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S Hl xz-,_®@ [3]

sub @ into (D) :

3x+20= 2A* -7
22°-3x-a¥ =0
(22 =1)x + 3)=0

w
XN

<<

2 A= -} or -3
- - a1
When x= }, y=3(3)t20
"z
Whm X = _3) y = 1’
(b) Find the greatest value of the integer @ for which ax?+5x—2 is negative for all x. [3]
{iirsfly, a<0.
> X

~

S&COAJ{«/) the cwrre doeant truch the x-axis,

I"e- "o reaut roots.
5 -44(-2) <0

da <-a5
a < 3_

. 3,@-“1; alve nteyr a =-4
L?UCLES & MOE 2020 % 40:7/02/0/N/20 ai ' J
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(c) Find the values of the constant ¢ for which the line y=4x+c is a tangent to the curve

y=x2+(?.l'+ '%T]' i [3]

let 2*tcx + 3 = 4x +¢

423 +4cx +21 = 16X t4C
4%+ (4c-16)x + (21-4¢c)=0

b’>-4ac =0
(4c-16)*-4(4)(21-4¢) =0
16¢>-128C + 256 — 336 + 64C =0
l6¢c*-64c - 30=0
¢*-4c-5=0

(¢ -5)(c+1)=0
s c=-l or §

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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8
3 (i) By considering the binomial expansion of (—2 +x> » explain why every term is
- x

[3]
8-r
8 T
Tr4) ()(z‘

8) 33-r(x )3-r r
- 3)33r -l +2r +T

- (g)jg-r%-m +3r

ﬁor a term to be ind&pe/w[uxtz

-6 t3r =0
ar = 1e .
P18 (ot o posifive integar).

Here , eurery term in the expansion js GLQ/LJJ\M
on Xx.

=

. 8
(i) Find the term independent of x in the expansion of (% +x) (5—-2x). [3]

Lel =16+3r = —|
3r = |5
r= 5

. T.=(8) 285 -i
“ Tg (5)3 71
=56-2Fx~!
=152 2~
Hence inalz,«malpi term in theo

expansion = 512 X (-2)
= -3024

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors. |
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4

The diagram shows a circle passing through the points A, B and C. The straight line SAT is a tangent to the
circle. The points D and E lie on AB and AC respectively and are such that BCED is a cyclic quadrilateral.
Prove that DE is parallel to ST. [5]

I © UCLES & MOE 2020 % 4047/02/0/N/20 [Turn over I
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5 (a) Represent the 'séillti()ll set of 15(1+2x) >x(19—2x) onanumber line. [4]

I5(1+ 2x) 2 x C19-2%)
15 +30x 2 19% -2%x*

272 + 30X -19% t15 20
22+ 11X +15 20
(22 +5)(x + 3) 2 O

£ O O 7
l | \
I I5 7
J 7

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(b) (i) Clearly labellmg each graph, sketch, on the same axes, the graphs of y = 3x3 and y= %x

* 0012513517009 *

e -

-3

for x > 0. [2]

_1,-3
/'\y 3% n
y=3x3

v/

(ii) Show that the x-coordinate of the point of intersection of your graphs satisfies the equation

I
¥ = oo 2]

i
Le-’- IX> = 3x3
9 l

lT
1\3

%)
329

Hence, the x- coordinale of +he point of

intersection of both graphs samsﬁes
|

10
3

10
3

X
X
y A

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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The table shows, to 3 significant figures, the population, P, in millions, of a country on January Ist at
intervals of five years from 1995 to 2015. The variable x is measured in units of 5 years.

Year 1995 2000 2005 2010 2015

. 0 1 2 3 4

P 332 3.75 424 4.80 543 |
In P 20 | 1-32 | 144 | 1-5F| 1r69

(i) On the grid below plot InP against x and draw a straight line graph.

InP *

1.7

1,545

1.6

1.4

1.2

L1

1.0

4047/02/0/N/20

[2]

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(i) Find the gradient of your straight line and hence express P in the form Ae**, where 4 and k are constants.

(4]

T 69— 1-20
3mdw¢ yp
= 0-1225 = 0-123

InP = 01225 x + 1-2
P = eo./zzsx +1-2
. . 1225

= pl2gl!4®%

_ 337p00173%

(iii) If this model for the population remains valid, find the first year of the interval in which the population
first exceeds 8 million. [3]

Lt 3.32¢%'%3% >88
0-123% -
€ 7 332

0-123% 7 In 557
X7 %8
=28
i-e- 8 x5 =40 yeadrs,

@ 2035

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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7 @) Show that —{ Gx—5)3 = @x—5)(3x-95)%. [5]

x (37- 5)3 = % 2(31-5) /(,Jj + (3%- 5)a
=(3x-5)% [5% + (31 -5)]
= (8x-5)(3x - 5)3

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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5
(if) Hence find f 3x 5) dx giving your answer in the form k(x+1)(3x—5)3+c, where kis a
constant to be found and cis a cqnstant of integration which cannot be found. [4]

[xGx-57 oy

= f&x(sx-5)3 dx

=5 [@x- 5)(31-5)F + 5(32-5)7 dx
gf(sx-s)(sx-5)3 dx + %f(ax-S)ux

= 06253+ F L85 4

= J'E (375-5)‘-;i (x +12 +C

(ili) Find the valu e of f x(3x 5)3 and explain what the result implies about the curve
y=x(3x 5) [2]

js x(37-5)% dy = [‘L(3X‘5)3(%+’)] -1
=0

=l

This result impdieo
that area A = ma 6.

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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8 (1) Solve the equation . (1 +e) =3,

Let u=e*.
wC+uw)= 2‘
4ull+u) =3

4u*+4u-3=0
(u=1)(ut+3)=0

- - 1
U= —2 or U= g
. X . -3 - pnX= L
ie- €7 =72 "=z n
(No Solutions) X=Inz
=lnl=-h2
= -2
(b) Solve the equation 1 +log, y+ log#z = log,(y+3).

| + long t 109, 8 = log, (y+3)
log2(Yt3) —log, Y =1+ log, 8
log (52) =1 + 3

Y43 - o4

y =
I15y= 3
= L

I © UCLES & MOE 2020 % 4047/02/0/N/20
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2
(¢) Inorder to obtain a graphical solutionof the equation x =In [(2)‘3—"'7) ] a suitable straight line can be

x x 2
drawn on the same set of axes as the graph of y =3e2+4.Make e? thesubjectof x = ln{(zx;- 7) I

and hence find the equation of this line. [3]

72
X = ln(zx;
= 2%+ F
&ln(+$ )
X _ 2%
?""( 3

X _ 2x+7F
€=z N

x
3e= = 2x+*%
3eT+4 = 22+ 11

Becaune the intersectiomn vé 36 +4 and y=2%+11
gives the m/u‘cd so«t‘/m "ﬁ' X = an(“'”)j
+}w (J w’-tm,ﬂi the Ao +o ‘c« d'lccé on W"M&dx&?
would be y= 2% + 1

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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D

4

(=5, 0) 0 L’

The diagram shows a parallelogram with vertices 4(—5, 0), B(7, 5), C and D. The point £(5, 6) lie

s on the
diagonal BD of the parallelogram. The perimeter of the parallelogram is 46 units,

(i) Show that the x-coordinate of D satisfies the equation 5x*+6x =11,

Zraauel\t of EB = g:; = -'ZL

gradi@\t ai DE = =%
Let D be (x,4), then 4-6 __1

[7]

LQAg‘H) 0# AB = lV(} +5)2+(5-_0)2 |
= 13 wnity . ‘
Leng#h of AD =A(x+5)+(y-0)2
= N(x+5)* + y?
2(13) + 2N (x+5)*+ y* = 46
'\l (x+5)* + Y2 = |0
(x+5)* + y* =00 (2
The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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Sub @ indo @: (x+5)* + (Z35)* =100

X+I0x +25+ 281~ 3?”‘ =00

4>+ 40X +100+289- 34X+ %> = 400
5x*+6x=11 (Shown)

(i) Determine the coordinates of D, explaining why the diagram is necessary. [3]
5x2téx -1l =0
(52 +11)(x — 1)=0
A= -é—L or |
R .
(Rej: <) ? 13-l
When X= ’/ H =
= 8
- D=0, 8)

#me s necess ay because it shows

X- coora(,qudl aﬂ.-.D is positive.

(iii) Find the coordinates of C. [1]
Coordinateo of €= (1+12 , 8% 5)
= (13,13)

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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10 The function fis defined for x €  and is such that £7(x) = 48x% +2e>- 1,
The line ,\':2l is the normal to the curve y = f(x) at the point where y=:11-.
() Find an expression for £(x). [5]
normal,
v A
Fltx) = 48x°+ 26* I f%@t
Fl(x) = [48x" + 2™ 44 £)
- 3 y Al
- % + 3622 +C
- i
= lGiﬁ33+ 6:‘ tC x={ ;f x=% IS f-}m normal
20 = Ez)’+e’tc f(x)uluw:y %,
C =-3 :

here, F'(X) =162 +€°%'-3 30.1:; {

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(i) Hence find an ex pes n for f()

Jine f'(X) =

19

lex*+e**

-3

then £(X) = f/6x~" +e**™' -3 dx

(iif) Show that the equation of the tangent to the curve y

4

ZXI

= 4x% + e”“

since (7,%) lito m $(x),

# 1(3)*+4e’-3(3) tc
.c=1.

Hence, £(x) = 4x*+2e* ' -3x + 1
§

y-axis can be written as

also,

2e(y+3x—1)=2x+1.

Whea the curve infirgeds the y-oxis, ¥=0
FO= 77" +1

- A
I+ Ze

=32 +C
3x tC

Fi)=e'-3 = -3+¢
g cwo«t{onaﬁ ‘/’Mg«wt

(/+

_l_
'!/ T

= (-3tz) (x-0)

= =3¥ + &

2ey-2e = | = ~6C¥ + zx
2ey +6ex —2€6 = 2x + |

2e (y+ 32 -

1) = 272 + |

(shown).

[4]

= f(x) at the point where the curve intersects the

[3]

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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11 [The volume of a cone of height 4 and base radius 7 is glnrzh.]

V ‘J \ 25 - x)em
AN b

<\150m———>!

The diagram shows a vertical cross-section of a container in the form of a cone, height 25¢m and base
radius 15 cm. The container is initially empty, At time 7= 0 liquid is allowed to flow in through a small hole
close to the vertex. After / seconds the height of liquid in the container is (25 = x) em and the volume of

liquid is ¥em?,

3
(i) Show that V= 37r(625 - ;‘—5> [3]

Using Similar As:
(%

X _ a5
T ~ 5
asSrT =|5x

=.§.%

,

V= 3m(15)°(25) = Larp2y
= I8F5M - 3w (E2) x
= 1835 ™ -2-%77953

37 ( 625 - —27v5i) (shown)

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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Given that the rate of flow of the liquid is koc? cm®/s, where k is a constant,

(i) find an expression for % in terms of 7 and k. [4]

T

Stepl: 9= <Lox?

a: Given j%=/<x"
3: dt - "'V.ﬁ

dx -~ dx  dV

W
[
-0
X
)

-

25'14/1/- a5K

The liquid was allowed to flow for 72 w seconds when the height of the liquid reached 12 cm.

(iii) By expressing £ as a function of x, find the value of &. (4]
Since 1x 2 5 K
= +
“t= e =T.x +(C

ot t=0s, A = a5un:
= =97 /&g’-‘-c

5K

= 9qn

¢ K
Hence, t= ast + :’Kl

of t=¥Ts, xX= l3un
. -7 . + ﬂlf
.- ;2}7/. 13

K
= IO8

a5K K =1%o

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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