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Grade thresholds — June 2017 IGCSE

Cambridge IGCSE Additional Mathematics (0606)

Grade thresholds taken for Syllabus 0606 (Additional Mathematics) in the June 2017 examination.

minimum raw mark required for grade:
maximum raw
mark A B C D E
available
Component 11 80 56 41 26 21 15
Component 12 80 58 43 29 24 18
Component 13 80 58 44 29 24 18
Component 21 80 62 47 33 27 22
Component 22 80 55 43 30 25 21
Component 23 80 62 47 33 27 22

Grade A* does not exist at the level of an individual component.
The maximum total mark for this syllabus, after weighting has been applied, is 160.

The overall thresholds for the different grades were set as follows.

Option Combination of Ax A B C D E
Components
AX 11,21 148 118 88 59 48 37
AY 12, 22 140 113 86 59 49 39
AZ 13,23 149 120 91 62 51 40
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2017
PUBLISHED

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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0606/11

Cambridge IGCSE — Mark Scheme May/June 2017

PUBLISHED
Question Answer Marks Guidance
1(31) kx—5= X2 + 4X M1 | equating line and curve equation and
x2+(4—k)x+5:0 coIIectlngtezrmstoformanequatlon of
the form ax® +bx+c=0
x terms must be gathered together, maybe
implied by later work
For atangent (4— k)Z -20 DM1 | correct use of discriminant
k=4+2J5 Al | Accept k=4++/20
Alternative
Gradient of line=k M1
Gradient of curve= % =2X+4
X
Equating: k=2x+4
DM1

substitution of k=2x+4 or x=k;24 in

kx—5=x* +4 and simplify to a quadratic
equation in k or x

k=4+2J5

AL | Accept k=4++/20

1(ii) . 1 4-2.5 M1 | use of negative reciprocal and attempt to
Normal gradient = — x . . . b5
4+23/5 4-25 rationalise using aform of a—-bv5 or
a—+/20 or their equivalent from (i)
_ Al _
=— 4 2\/éoe _4 2\/goeleadingto l—ﬁ
-4 - 2
= ]_—ﬁ
2
2 p(3)=27+9a+3b-48 M1 | attempt to find p(3)
3a+b=9 oe Al
p'(x)=3x"+2ax+b M1 | attempt to differentiate and find p'(2)
p'(1)=3+2a+b must have 2 terms correct
2a+b=-3 oe Al
a=12, b=-27 A1l | for both
3(a) X3y’ B2 | B1 for each term
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2017

PUBLISHED
Question Answer Marks Guidance
3(b)(i 3 1 M1
(b)) for (t-2)2 =(t-2)2(t-2) soi
1 Al
(t-2)2(4+5(t-2))
1 Al
(t—2)2(5t-6)
3(b)(ii Bl 1
O 5 and g FT ontheir (t—2)2(5t—6), must have 2
43)(i) f>5,f(x)>5 B1
4(Q)(ii) y—5:e,4X or X_S:e""y Bl
3 3
_ _ B1
—4x=|n(y—5) or —4y=|n(x—5J
3 3
. 1 (x-5 B1
leading to f *(x)=—=In| —=
10 14(x)=-3n X2
or fl(x)zlln(ij
4 \x-5
1
f(x)==(In3-In(x-5
or f(x) 4( n3-In(x-5))
1
or f*(x)=-=(In(x-5)-In3
(x)=-3(In(x-5)-In3)
Domain x>5 Bl
4(b) In(x2+5):2 Bl
x? +5=¢ B1
x=1.55 or better or \Ve* -5 B1
5(a)(i) W:O_C.-FE(EA\—O_C.) o6 M1 | may beimplied by correct answer.
%(a+c) Al
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2017
PUBLISHED
Question Answer Marks Guidance
5(a)(ii) b :EW oe. 5 (their (i) M1 diallngw_lth ratio correctly to relate b or
2 2 OB to OM
or OM = E(b - W)
3
5 Al
= —(a+c
2(a+0)
5(b)(i) |—10i + 24j| =26 M1 | magnitude of —10i + 24j and use with 39
39 . .
=—(-101 + 24
p 26( i)
p =-15i + 36] Al
5(b)(ii) If parallel to the y-axis, i component is zero M1 | realising i component is zero
S0 2p+Q=12j DM1 | useof 12
g = 30i — 60j Al
5(b)(iii) |q| _30 /12 N (_2)2 or /900 x /5 M1 | attempt at magnitude of their g
lo| = 305 Al | Answer Given: must have full and correct
working
6(i) 1X122X9:150 M1 | use of sector area
2
60=2.083,s0 =2.08 to 2dp Al
6(ii) M1 | correct method for area of triangle

Areaof triangle AOB = %xlz2 sin2.08

Area of segment = 150—%><122 xsin2.08

A1l | dlow unsimplified, using

0 =208, 2.083 Or@
72

AB M1 | correct trigonometric statement using
sn1.04=—2 0=2.08, 2.083 or% with attempt to
obtain AB
AB = awrt 20.7 Al
Shaded area = their ABx8— their segment area M1 | execution of acorrect ‘plan’(rectangle —
segment)
awrt 78.4 or 78.5 Al
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2017

PUBLISHED
Question Answer Marks Guidance
6(iii) Arc AB = 25 or 24.96 Bl
Perimeter= 25 + their AB + 16 M1 | correct ‘plan’ (arc + their AB + 2x8)
awrt 61.7 Al
7 differentiation to obtain answer in the form M1
2 2
p(3x2 +8)3 or qx(3x2 +8)3
2 Bl
6x(3x2 + 8)3
2 A1l | dl correct
d_5, 6x(3x2 +8)3
dx 3
dy . DM1 2
When pol 0 only solutionis x=0 qx(3x2 4 8)3 =0 and attempt to solve
x=0 and 3x?+8 =0 has no solutions Al
Stationary point at (0,32) Al
correct gradient method with substitution of x M1
values either side of zero or equivalent valid
method
correct conclusion from correct work using a Al
correct dy
dx
8(i) ’ B5 | B1 for shape of modulus function
’ B1 for y intercept = 5 (for modulus graph
only)
T B1 for x intercept = 2.5 at the V of a
modulus graph
} B1 for shape of quadratic function for
\ -1<xK6
Bl forinterceptsat x=0and x=5for a
guadratic graph
8(ii) 2x—5=44 B1 | one correct answer
-9 M1 | solution of two different correct linear
x= 2 equations or solution of an equation
obtained from squaring both sides or use
of symmetry from first solution.
. 1 A1l | second correct solution
2
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2017

PUBLISHED
Question Answer Marks Guidance
8(iii) 1) 1 B1 | verification using both x values or for
16| =| -80| = |+36=4 : : 2
[ ] ( j forming and solving 16x~ —80x+36=0

2
and 16(9] - 80(2) +36=4
2 2

8(iv) using their values from (ii) in an equality of the M1
form a<x<b or a<x<b

Al

1
§< X<— cao

N | ©

(i) X . . B1 | useof correct identity
5+ 4(3&2 (gj —1} leading to given answer

o(ii B1
) 3tan (5) (+c)
3
9(iii) attempt to integrate using (i) and/or (ii) M1
T (X Al | all correct
Area= |, 4sec”| — [+1dXx
> 3
X n DM 1 | correct method for evaluation using limits
{12tan [—J + x} in correct order
Al
= (12tan£ + n) —(than£+£)
3 6 2
Al
=8J3+2
10(a) differentiation of a quotient or equivalent M1
product
correct differentiation of €* Bl
dy 33 ( 4% 4+ 1) _8xe¥ A1l | everything else correct ir]cl ud_i ng brackets
=2 > where needed, allow unsimplified
dx (4x* +1)

3X 3X
or dy 3e 8xe

dx 4x2+1_(4X2 L1

Need a home tutor? Visit smiletutor.sg
© UCLES 2017 Page 7 of 8




0606/11 Cambridge IGCSE — Mark Scheme May/June 2017
PUBLISHED
Question Answer Marks Guidance
10(b)(i) one term differentiated correctly M1
A1l | dl correct
ﬂ=—4sin x+ 2 |+ 2J3cos| x+ =
dx 3 3
When x= =%, ¥ _ 5 Al
2 dx
10(b)(ii) dy y dx dy M1 | correct use of rates of change
dx dt dt
—5x% =10 oe
dt
dy Al | FT answer to (i)
dt

© UCLES 2017

Page 8 of 8

Need a home tutor? Visit smiletutor.sg




Cambridge International Examinations
Cambridge International General Certificate of Secondary Education

Cambridge

IGCSE

ADDITIONAL MATHEMATICS 0606/12
Paper 1 May/June 2017
MARK SCHEME

Maximum Mark: 80

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge will not enter into discussions about these mark schemes.

Cambridge is publishing the mark schemes for the May/June 2017 series for most Cambridge IGCSE®,
Cambridge International A and AS Level and Cambridge Pre-U components, and some Cambridge O Level
components.

® IGCSE is a registered trademark.

This document consists of 11 printed pages.

CAMBRIDGE

Y International Examinations o [_Turn over
Need a home tutor? Visit smiletutor.sg

© UCLES 2017



0606/12 Cambridge IGCSE — Mark Scheme May/June 2017
PUBLISHED

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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0606/12 Cambridge IGCSE — Mark Scheme May/June 2017

PUBLISHED
Question Answer Marks Partial Marks
1 — B3 | B1for each
N A
| J | J/
N
(AUB)NC (AnB)uC
. 7”
(ANB)NC
2 attempt at differentiating a quotient, must have M1

minussign and (x + 1)2 in the denominator

for (5x2 + 4); ot

1 Ll DBL1
for E(le)(Sx +4) 2

1 1 1 Al | all elsecorrect
dy (x+1)§(10x)(5x2 +4) 2 —(5x° +4)2
dax (x+1)2
When x=3, dy 11 Al | must be exact
dx 112
Alternative

L M1 | attempt to differentiate a product

y=(5x2 +4);(x+1)_

for (5x2 + 4); ot

1 Ll DBL1
for E(le)(Sx +4) 2

Al | dl else correct

dy 1 2 N\ 1 2 2\ 2
&—Elox(Sx +4) 2(x+1) +(5x +4)2(—(x+1) )
Al | Almustb t
When x=3 QZE mu e eXacl
dx 112
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PUBLISHED
Question Answer Marks Partial Marks
3 a Ml - - . _ -
(@ v :3\/§><i(i—2j) attempt to find the magnitude of (i - 2j)
J5 and use
=3 —6j A1l | for 3i—6j only
3(b) W =2c0s30° + 2sin30°] M1 | attempt to use trigonometry correctly to
obtain components
=/3i+] Al
4 2 B1
3 - n3“-1(5j +n(n-1)3"2 (5)
6 6
3'=81,s0n=4
1 M1 X X
4xPx-==a for —n3”1(—j, n 3”{——} or
6 6 G 6
n
[ JB’”(—EJ , with/without their n
1 6
a=-18 A1l | using their n and equating to a to obtain
a=-18
4x3 , 1 M1 X\ % \?
x3 x—=Db a2 X n~ an-2| X
5 % for n(n-1)3 (6} , "C,3 (6} or
n x )
3 —) , with/without their n
2 6
b—3 A1 | using their n and equating to b to obtain
2 b:E
2
5(i) v=-12sin3t B1
5(ii) 12 B1 | FT ontheir (i) of theform ksin3t , must
be |K|
5(iii) a=-36cos3t B1 | allow unsmplified
B1
3t=g, 1.57 or better
B1
t=" or0.524
6
5(iv) 4 cao B1 | may be obtained from knowledge of

cosine curve
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PUBLISHED
Question Answer Marks Partial Marks
6(i M1 ]
) ,1 x 1 . for cotH:—C_Osg,tanQ:—Sma,
sind C086’+Sln6’ sind cosd
singd cosd 1
cosecld = ——
sing
dealing with the fractions correctly M1
1 sindcosé M1 | useof identity
X
sn@ cos’O+sin?6
= cosé A1l | correct simplification, with all correct
Alternative 1
cosecd M1 | dealing with fractions
i(u tan” 0)
tand
_ tan@cosectd M1 | use of appropriate identity
sec? 0
. M1 .
_Sno _1 x cos? 6 for cotazi,tanazs'—ne,
cosd snd tand cosé
secl = i, cosecld =——
cosd sinéd
=Cosé A1l | correct simplification, with all correct
Alternative 2
cosecd M1 | dealing with fractions
1 (cot2 0+1)
coté
__ cot fcosecd M1 | use of appropriate identity
cosec?0
M1 '
_ cotd for cotH:C_Osg,tan :an’
cosectd sing cosé
cosecH L
_ 9080 sno sing
sinéd
= cosd Al | correct simplification, with all correct
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0606/12 Cambridge IGCSE — Mark Scheme May/June 2017
PUBLISHED
Question Answer Marks Partial Marks
6(ii) a 1 a B1
[ cos20 do=| =sin20
0 2 o
M1
lsinZazﬁ use of [ksin20]g=§ to obtain
ksin2a=£
4
9q T DM1 | attempt to solve equation of the form
3

ksin2a=—3, with —1<§<1, must

have a correct order of operations dealing
with the double angle

Al
a:%, 0.167xn or better
7() lgy=IgA+bx B1 | straight line form, may be implied by
correct values of both A and b later
Gradient = b, M1 | equating gradientto b
b=3 Al
Use of substitution into one of the following M1
22=IgA+0.5b
3.7=IgA+b
158.489 = Ax10°%
5011.872 = Ax10°
or equivalent valid method
leadsto IgA=0.7
A=5, 5.01 or 10°7 Al
Alternative 1
lgy=I1gA+bx B1 | straight line form, may beimplied by
correct work later
2.2=I1gA+0.5b M1 | one correct equation
3.7=IgA+b A1 | both equations correct
attempt to solve 2 correct equations M1
Al

leading to b=3 and A=5, 5.01 or 10°’

© UCLES 2017
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PUBLISHED
Question Answer Marks Partial Marks
7() Alternative 2
y= A(lobx) M1 | one correct equation
158.489 = Ax10°*®
5011.872 = Ax10° A1l | both correct
5011.872 1008 M1 | attempt to solve 2 correct equations
158.489
leadingto b=3 Al | correctb
Use of substitution leadsto A=5, 5.01 or 10°’ Al | correct A
7(ii) Substitute A and b correctly into either M1 | correct statement using their Aand b
y= A(loo.Gb) ,lgy=IlgA+0.6b or correctly in either equation or using
lgy=3x+0.7
lgy =1gA+0.61g10°
orusing lgy=18+0.7
y =316, 315 or 10°° Al
7(iii) Substitute A and b correctly into either M1 | correct statement using their A and b
600 = A(lobx) , 1g600=IgA+bx or correctly in either equation or using
lgy=3x+0.7

lg600 =g A+ xlg10®
or using 1g600=3x+0.7
x=0.693 Al

8(a)(i) 2520 Bl

8(a)(ii) 360 Bl

8(a)(iii) 1080 Bl

8(a)(iv) 6 or 8 to start with Bl
No of ways= 2x5x4x3x2
=240
9 to start with Bl
No of ways= 1x5x4x3x3
=180
Total number of ways = 420 DB1 | Dependent on both previous B marks

© UCLES 2017
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PUBLISHED
Question Answer Marks Partial Marks
8(a)(iv) Alternative 1
All numbers> 6000 — all odd numbers > 6000 B1 | plan and attempt to use, must be using
1080
1080-180-480 B1 | for 180 and 480
Total number of ways = 420 DB1 | Dependent on both previous B marks
Alternative 2
Even numbers > 60000 : Odd numbers > 60000 B1 | correct ratio
7:11
Total number of ways= 1—78><1080 Bl
=420 DB1 | Dependent on both previous B marks
8(b)(i) 480700 B1
8(b)(ii) 26460 B1
8(b)(iii) | with brother and sister C, = 33649 B1 | for ZC, or #C, x *C,
Without brother and sister *C,, = 245157 B1 | for #C, or #C,x*C,
Total number of ways = 278806 B1 | for®c, + ¥C, and evaluation
9(a)(i) 3x2 B1
9(a)(ii) correct attempt to multiply the 2 matrices M1
6 -6 A2 | -1 for each incorrect element
C=5 2
19 -8
9(b)(i) L 1(-7 12 B2 | B1 for correct use of determinant
:E[—4 5] B1 for correct matrix
9(b)(ii) [xj_ 1 (—7 12](26) B1
y) 13-4 5)(52
attempt to evaluate using inverse from (i) together M1
with pre-multiplication to obtain a 2x1 matrix
x=34,y=12 A2 | Alfor each
10(i) 0.5 B1 | for 0.5 from correct work only
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Cambridge IGCSE — Mark Scheme
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Question

Answer

Marks Partial Marks

10(ii)

15% =8% +8” —(2x8x8x cosAOB)
AOB = 2.43075 rads

M1 | useof cosinerule (or equivalent) to abtain
angle AOB.

DOC = AOB - 2(their AOD)

M1 | useof angle AOD and symmetry

DOC=1.43to2dp

Al | Answer Given: need to have seen either
2.431 or better, or 1.431 or better in
previous calculations

Alternative 1

15:2x8xsin(%j

M1 | use of basic trigonometry

1+0.5DOC
seof ———

M1 | may beimplied

DOC=143to2dp

Al | Answer Given: need to have seen either
2.431 or better, or 1.431 or better or 1.215
or better in previous calculations

Alternative 2

15° =8° +8” - (2x8x8x c0SAOB)

AOB = 2.43075 rads
/AOBx8= arc AB

M1 | useof cosinerule (or equivalent) to abtain
angle AOB.

arcAB -8 _ DOC

M1 | attempt at DOC, must be a complete
method with AOB found

DOC=143to2dp

Al | Answer Given: need to have seen either
2.431 or better, or 1.431 or better or 1.215
or better in previous calculations

Alternative 3

Equating 2 different forms for the area of triangle
AOB

1531 1

n =E><825inAOB, AOB = 2.43075 rads

M1 | using both different forms of the area of
triangle AOB

DOC = AOB - 2(their AOD)

M1 | use of angle AOD and symmetry

DOC=143to2dp

Al | Answer Given: need to have seen either
2.431 or better, or 1.431 or better in
previous calculations
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PUBLISHED
Question Answer Marks Partial Marks
10(iii) DC M1 | useof cosine rule or basic trigomoetry to
. (1.43} o obtain DC
sinf— |=—%= or
2 8
DC? =8 +8” —(2x8x8x c0s1.43)
DC =10.49 A1l | awrt 10.5, may beimplied
Perimeter = 10.49+4+4+15 Al | awrt 33.5
=335
10(iv) 1, _ 1, _ B1 | areaof one appropriate sector; alow
?‘8 (243-sin2.43) _Exg (1.431-sin1.431) unsimplified; may be implied by a correct
segment
area of one appropriate triangle, allow unsimplified Bl
an appropriate segment, allow unsimplified Bl
=42.8 (allow awrt 42.8) B1 | final answer
Alternative 1
Areaof atrapezium + 2 small segments B1 | one appropriate small sector, allow

unsimpified (could be doubled)

1 , B1 | an appropriate triangle, allow unsimplfied
Each small segment = E><8 (0.5—-sin0.5) (could be doubled)

B1 | attempt at trapezium, must have a correct
attempt at finding the distance between
the parallel sides— allow unsimplified

Area of trapezium = %(15+10.5) x(6.041-2.784)

Total area= 42.8 (allow awrt 42.8) B1 | final answer

Alternative 2

Area of 2 small sectors + area of triangle ODC —the B1 | areaof small sector, allow unsimplified,
area of triangle OAB (could be doubled)

Area of asmall sector = %x82 x%

B1 | areaof triangle ODC, alow unsimplified
Areaof triangle ODC = %x82x5in1.43 g P

B1 | areaof triangle OAB, alow unsimplified
Areaof triangle OAB = %x82x§n2.43 g P

Total area= 42.8 (allow awrt 42.8) B1 | final answer
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10(iv) Alternative 3
B1 | areaof asmall segment, allow
Areaof rectangle + 2 small triangles + 2 small unsimplified, could be doubled
segments
Each small segment = %x 8°(0.5-sin0.5)
1 (15_10,49) B1 | areaof asmall triangle, allow
> T(G-Oﬂ— 2.784) unsimplified, could be doubled
Area of rectangle = 10.49x (6.041— 2.784) B1 | alow unsimplified, could be doubled
Total area=42.8 (alow awrt 42.8) B1 | final answer
Alternative 4
B1 | areaof one appropriate sector; alow
Sector AOB — sector AOD — sector COB —triangle unsimplified; may be implied by a correct
DOC segment
B1 | area of one appropriate triangle, allow
(%x82x2.43)—2(%><82xO.SJ—(%XSZSinlA?)j unsimp”ﬁedapp P o
Area = sector AOB — segment DC — triangle AOB
Bl | an ropriate segment, allow
(% x 8 x 2.43) — (their segment) — (% x8sn 2.43) uns?Frfpl hE)i ed 9
Total area= 42.8 (allow awrt 42.8) B1 | final answer
11(1) me”~* where m is numeric constant M1
A1l | condone omission of +c
f(x)==e"" (+c) |
7 1 e DM1 | correct attempt to find arbitrary constant
2 2
A1l | must be an equation
f(x)ziezx‘1+3 .
2
11(ii) ke® where k is anumeric constant M1
f "(X) — ZeZX—l Al
4 DM1 | attempt to equate to 4 and use logarithms
2x-1=In| —
k
Al
X= % +Inv/2
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MARK SCHEME

Maximum Mark: 80

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for a valid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

Soi seen or implied
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Question Answer Marks Partial Marks
1(a) 1
1(b) —— 1
Y
[ (Y
| R NZ I
N/
2(i) 4 1
2(ii 1
i 40° or 2—5 or 0.698 rad
3(0) 3 | B1for acomplete cycle starting and ending at —2
Blformaxaty=1andminaty=-5
B1 for a completely correct graph
3(ii) 5 1| FT their minvaluefory
4(i) 1 M1 | useof correct formula and attempt to expand out
Area= 5(3*'2*/3)(4"’6*/5) the brackets
~2(12+ 265+ 60)
2
=36+13\5 Al
4(ii) 3+ 25 Bl
2+3J5
_3+2/6 2-3/5 M1
2+3/5 2-35
6—5v5-30 Al | for answer
~ 4-45
24455
41
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5 When x=4, y=5 Bl | fory
1 Bl 1
%:%x4(4x+9) 2 for 2(4x+9) 2, alow unsimplified
X
When x—4. dy _ 2 | M1 | obtaining numerical gradient for normal
dx 5
5
So perp grad = >
Equation of normal M1 | for equation of normal
5
-5=——(x-4
y=5=-2(x-4)
(2y=30-5x)
A(6, 0), B(0, 15) A2 | Alfor each
B1 | FT ontheir x/y intercepts
Midpoint (3, Ej y P
2
6(a)(i) dealing with multiplication and M1 | implied by 2 correct elements
addition
-12 7 Al
A+3C=
11 7
6(a)(ii) correct attempt to multiply M1 | implied by 2 correct elements
17 9 Al
BA=|14 18
-3 -1
6(b)(i - B2
(b)) xflzi 2 3 Blfori,
104 1 10
-2 3
B1for ( J
-4 1
6(b)(ii) a b)) 1(-2 35 -10 M1 | pre-multiplication using matrix from (b)(i)
c d) 10l-4 1)l15 20
35 8 A2 | -1 for each incorrect element
~(-05 6
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Question Answer Marks Partial Marks
7(a) sin?o . 2, M1 | for obtaining al in terms of sin@ and cosé
= —+48n
LHS= COS2 o
1
cosf +——
cosé
sin20 +sin?0cos? 6 M1 | for simplification using addition of fractions
_ cos’ 9
cos? 0 +1
cosé
sin2 9(1 + CO? 9) M1 | for factorisation and subsequent cancelling of
= common term
cost(cos’ 0 +1)
_dn’é
cosé
tandsind = RHS Al | correct final simplification
Alternative M1 | useof correct identities
sec’ 0 -1-cos’ 0 +1
cosd + secd
(sec@ - cos@)(seca + cos@) M1 | attempt to factorise and simplify
B (secd —cost)
=secd —cosé
1-cos? 0 M1 | simplification to obtain termsinsing and cosé
T cosO only
sin2o Al | for final simplification
" cosé
=tan@dsinéd
7(b) sin¢—x cos¢—3 M1 | for obtaining sing and cosgintermsof x and y and
-3’ y attempt to use correct identity
Using sin? ¢+ cos? ¢ =1 leadsto M1 | attempt at simplification
2
x +% =1 and hence
x*y® +81=9y?
81 Al
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Alternative method using M1 | attempt to substitutein for x and y
substitution
ox—2 || 2 _.odn?y
cos’p ) |\ cos?¢
81 81sin? ¢ M1 | simplification of fractions
B [coszqﬁj_ cos’ ¢
81(1— sin2 ¢) A1l | use of correct identity to obtain 81
=————>o0r
cos? ¢
81(%02;/5— tan’ ¢)
leading to 81
8(i M1
O p 1 =—E+E—2+b for attempt at p i
2 8 4 2
leadingto a+4b=9 oe Al
p(l)=2+a+4+b Bl
leadingto a+b=-18 oe
solution of simultaneous equations M1
a=-27,b=9 Al | for both
8(ii) attempt at factorisation using either M1
long division or observation
(2x+1)(x2—14x+9) Al
8(iii) attempt to solve q(x) =0 M1
Al | for al 3 solutions
x=7£210, -2
9(i) |:3e5x + e’5x}kk -6 B2 | B1 for each term integrated correctly
(3e5k +e%)—(3e%+ e5k) =6 M1 for use of limitswith ae™ +be™
2ek _oek _g A1l | correct unsimplified
ek _g%k -3 Al | correct simplification to obtain given answer
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9(ii) y?—3y-1=0 M1 | for correct attempt to obtain a quadratic equation in
termsof y or €
3+/9+4 DM1 | for attempt to solve quadratic equation and solve
y=—"0—. y=e*=3303 for k
only
k =0.239 A1l | AOif morethan one solution is given
10(i) for attempt to differentiate a M1
product
B2
> B1 for 1
oX+1 5x+1
A1l | al elsecorrect
ﬂ=(10x+2)>< +10In(5x+1)
dx bx+1
10(ii B1 | smplification to obtain 10, alow if seenin (i
W) o+ 2)—2—10 g )
5x+1
1OIIn(5x+1) dx M1 | useof result from part (i)
=(10x+2)In(5x+1)—-10x
Iln 5x+1) dx Al
5x+1
( )In(5 X+1)—X
10(iii 1 M1 | useof limitsin result from (ii
(i [(x+0.2)In(5x+1)-x]3 )
0
1 2 -1+In4 Al
=-—=+=In2 = cao
5 5
11(i) attempt to differentiate M1
1
dx 2
M1 uating to zero and attempt to solve
when ¥ -0 equaing P
dx
x=16, y=32 A1l | both correct
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11(ii) @:_ 3 x% B1 | correct differentiation
x> 4
Thisis negative so a maximum DB1 | correct conclusion
point
11(iii Bl
(i When x = 4, ﬂ =3
dx
M1 | useof small increases
@zﬂx h
dx
~3h Al | FT their (iii)
12(i) attempt to differentiate M1
6cos2t +6 Al
12(ii) coszt=-1 M1 | attempt to equate (i) to zero and solve
(T Al
2
12(iii) attempt to integrate M1
A2 | -1 for each error
x=—gc052t+3tz+2t (+c)
M1 | attempt tofind c
Whent:O,x:O,soc:g P
Al
x=2_3cosa+ 3?42t
2 2
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1 Integrates M1 | must be clear attempt to
integrate at least one term
[y =] x4 4 x (+¢) A1l | Both terms correct
17=2*+2+¢ DM1 | Substitutionof x=2,y=17to
findc
y=x'+x-1 cao Al | must havey =
2(a) 2./6x3/3=618 oe M1 | method must be shown —
simplifies and combines product
182 Al | If al over common denominator
then consider the product for
M1A1l
92 oe soi leading to final answer of 27+/2 Bl
2(b) 6+ \/5 M1 | Expanding and making x subject
[x =] — condone slips but must be of
2-+3 equivalent difficulty
6+\/1—3 2+\/§ M1 | numerator at least 3 terms;
[x=] >V x e 3 oe and multiplies out numerator 12+ 23+ 63+3
and denominator
15+83 Al
3(i B2
0 22x final answer Blfor —x(ax+b),aorb
X +1 X +1
must be non-zero
3(ii M1
(i) Sy =their 203 « h or better Substitutes x = 3 into theirﬂ
(37 +1 dx
and multipliesby h
Al
Eh oe
10
4(a)(i) 36 Bl
4@ |7 Bl
4(b) [y=]5sindx+7 B4 | Bl for eachof 5,4and 7

and B1 for sine
Accepta=5,b=4,c=7for B3
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5(i) 16+ 32ax + 24a2x? + 8a3x® + a*x* B2 | B1 for at most 2 terms incorrect
or missing or for correct but
unsimplified form
SC1 for
16+ 32ax + 24ax® +8ax® + ax*
or all terms correct listed
5(ii) 24a? =8a® and solves to given answer B1 | or verifiesthat a= 3 leadsto
coeff of 216 for both terms
must be from correct termsin (i)
5(iii) x =—0.01 or ax = —0.03 soi M1
16 + 32(3)(~0.01) +24(9)(-0.01)? leading to Al | Must show clear substitution
16 — 0.96 + 0.0216 or 15.06...isw into their expansion for
A1 and reach avalue which
roundsto 15.1
6(i) 90 10 30 B1 | columns and/or rows may be
0 45 0 interchanged but must be
(M=) consistent
25 0 15
10 0 100
6(ii) 90 10 30 B1 | Answer must be of correct order
0 45 0 and must be consistent with a
(LM=)1 1 1 1) =(125 55 145) correct M
25 0 15
10 0 100
6(iii) Thetotal numbers of each type of ticket sold by al 4 Bl
cinemas oe
6(iv) 5 B1 | Caculation not required
(N=)| 4
3
Thetotal income of all (4) cinemas or other valid B1 | Total cost/value of tickets etc.
comment e.g. total income from all ticket sales
7(a) £ § B2 | B1for each
P O
R
7(b)(i) n(M mD)ZOOrM ND=g B1 | No additional brackets e.g.
M D ={J} isBO
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(b)) | - B3 | B1 correct intersection of circles
& A 17 with 12 and 25 correct
M D B1 33, 2, 11 correctly placed
ﬂ B1FT 17; must be onthe Venn
diagram and identified as the
required answer
FT on 100~ (sum of their 5
correctly positioned values)
8(a) [ ¥R, =]870 Bl
8(b)(i C, x*C 2 x 1001 M1 14 14
(b)) 13y 08(2 % 1001) Condone for
4 10
2002 Al | impliesM1
8(b)(ii) ( 2C,x °C, x 906) + ( °C, x °C, x 905) oe (840 + 252) M3 | M3 for fully correct method soi
M 2 for all necessary products
o 14 but not summed with no extra
or C,x“Cy— products seen soi
(201 x °C, x °C, + %C, x °C, x °C, + C, x °C, x 9C7) M1 for one correct three term
product soi
{2002 — (10 + 80 + 720)}
1092 Al | impliesM3
9(i) Substitution of y=2(1- x) M1 | Must be attempt at full

substitution. Condone one sign
error in substitution. Condone
omission of = 0 or incorrect rhs

3x% +2x+1=0 oe (3x2 —2x—1=0)

Al

Terms collected

Solving their quadratic found from eliminating one
variable (3x+1)(1-x) or (3x+1)(x—1)

M1

can be implied by a correct pair
of x values

[—%%) oeand (1,0) oeisw nfww

A2

A1l for each

or Al for acorrect pair of x-
coordinates or a correct pair of
y-coordinates
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oii Bl
) [m=] 1 o
2
(1 4] Bl | FT
3’3
y—theiril—theirl x—theirl or y=their£x+c and
3 2 3 M1 2
substitutes their midpoint and
reachesc= ...
6y—3x=7 A1l | alow any equivalent form with
integer coeffs/constant
10(i) M1 | alow InP valuesto 1 dp rounded
t 1 15 |2 |25 or truncated (1.5, 2.1, 2.8, 3.4)
InP | 148 | 212 | 2.76 | 3.4(0)
single ruled line drawn within tolerance at least for t A1l | All pointswithin 1 square of line
between 1 and 2.5 / must not pass through origin
10(ii) ghher3 M1
18t022.2 Al
10(iii) (0,c) with0.1 < ¢c<0.3(0.2) Bl | alowy=c condonec=...
mintherange 1.25 < m< 1.34 (1.28) B1
10(iv) InP = (their1.28)t + their 0.2 M1 or InP=(Inb)t+Ina
P = g(theirl28)t-their0.2 M1 | or Inb=m=theirl.28 and
Ina=c=their0.2
P etheirO.Ze(theirl.ZS)t Al | or 1.10 <a <1.35
349<bg382
10(v) 1000* gheir02  giheir1 28t M1 | A correct relationship e.g.

or 1000* their ax their b'

1.3t*In(1000)-0.2 where* is
= or aninequality sign

5.3

Al

5.2t0 5.5 must be to 1dp
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11(i ' in? B2
0 C_OSX+ Snx_ cos.2x+sm X oe B1for either cotx:—cf)SX or
Sinx cosx Sin Xcosx sinx
tanx=1X used
COSX
B1for correctly placing over a
common denominator or for
splitting into 3 correct terms
not just for stating or working
from both sides
Valid use of Pythagorean identity Bl
eg. cos’ Xx+sin®x=1
Simplification to secx (correct solution only) B1 | not if working from both sides
11(ii) 1 . M1
COSX = — SOi
2
60, 300 A1l | Correct pair
1 . M1
COSX = —— SO
2
120, 240 A1l | Correct pair
12(i) d(3t - cos5t +1) _ B2 | B1 for either with no other terms
V= o = [3+53n5t or for both with 1 extra
their(3+55in5t):O M1 | Must be from an attempt to
differentiate
awrt 0.76 Al | 0.7570187525
awrt 1.13 Al | 1.12793684
substitutes their t valuesinto s (4.07..., 3.58...) DM1 | must betwo values
0.48100.49 [m] Al | Fina Al may imply earlier Als
12(ii) 25cos 5t M1 | Differentiating their v correctly
providing at least 2 terms with
one trig function
-25 Al | Ignore +25 following —25
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for a valid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation * dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt  answers which round to
cao  correct answer only

dep  dependent

FT follow through after error
isw ignore subsequent working
nfww not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Partial Marks
1 Bx+3=3x—-10e or 5x+3=1-3xo0e M1
= 2and x = -0.25only A2 | nfww

mark final answer
Alfor x=-2ignoring extrasimpliesM1
if no extras seen
If MO then SC1 for any correct value with
at most one extra value

Alternative method

(5x+3)2 =(1- 3x)2 0€ SOi M1

16x* + 36x+8=0 oe Al

x=-0.25, x =-2 only; mark final answer Al

2 Without using a calculator ...

Sufficient evidence must be seen to be convinced
that a calculator has not been used. Withhold the
mark for any step that is unsupported.

deal s with the negative index soi Bl 3.5 2
eg.
1++/5
_ _ M1
rationalises ﬂxﬂ oe alow for %XL\/E
1+45 1-5 3-J5 3++5
- 3-4/5+5 Al 3+4/5+5
multiplies out correctly —1& oe alow for o5

squares correct binomial Al

(245 ~{a-a55) o o or (205]' (4 4059

9-4J5 cao Al | deponall previous marks awarded
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2 Alternative method 1.
dealing with the negative index soi Bl
correctly squaring with at least 3 termsin the Bl
numerator and denominator
3-V5 3-V5_9-6V5+5
1445 145 1424545
M1
rationalising their 14- G\f 6-2V5
6+2J5  6-245
multiplying out correctly; at least 3 termsin the Al
numerator but condone a single value for the
. 84-64/5+60
denominator —————  oe
36-20
9-45 cao Al
Alternative method 2
dealing with the negative index soi Bl
9-6v5+5=(a+by5)(1+2/5+5) M1
14=6a+10b Al
—-6=2a+6b
a=9 cao Al
b=-4 cao Al
Alternative method 3
for dealing with the negative index soi Bl
[3-+5=(c+dV5)(1+5) leading to] M1
c+5d=3
c+d=-1
c=—2andd=1 Al
(—2+\6)2=4—4\E+5 Al
9- 4.5 cao Al
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3 Correctly finding a correct linear factor or root B1 | from avalid method, e.g. factor theorem
used or long division or synthetic
division:
f(2)=10(2°)-21(2*)+4=0
10x* —x—2
or x— 2)10x3 —21X +4
10x° — 20%°

—X2

X% + 2X
-2x+4
—2x+4

or
2 10 =21 0 4

10 -1 -2 0

correct linear factor stated or implied by, e.g. Bl (x— 2) or (2x—1) or (5x+ 2)

x—2)(10x* —x-2
( )( ) do not allow (x—%jor(x+§)

Correct quadratic factor B2 | found using any valid method;
(10x* —x—2) or (5x* —8x—4) or (2x* —5x+2) B1 for any 2 terms correct

(x—2)(2x~-1)(5x+2) mark final answer B1 | must be written as a correct product of all
3 linear factors; only award thefinal B1 if
all previous marks have been awarded

If quadratic factor is not found but correct
remaining linear factors are found using
e.g. the factor theorem or long division or
synthetic division etc. with correct,
sufficient, complete working to justify
that no calculator has been used alow:

B1 for correctly finding a correct linear
factor or root

B1 for acorrect linear factor stated or
implied

SC3 for the full, complete and correct
working to find the remaining two linear
factors and arrive at the correct product of
3linear factors
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4 Bl
ﬂ=6x—7 SOi
dx
1 . B1 | finds or uses correct gradient of normal
Mhorma :—g SOl
. M1 | uses =—1 with numerical gradients
Mngent =D SOI OF (6x—7)(—%)=—1 oe M g
6x-7=50e = x=2 Al
y:g Al
k=47 Al
Alter native method
1 Bl
rnnormd_ 5
mtangent =5 M1
3x? —12x+11-c=0 oe Al
solving 3x? —12x+12=0 oeto find x=2 Al
y=9 Al
k=47 Al
5(i) s 5 . -5 M1 | clearly applies correct form of product
(the|r2x )(0.2—In5x)+0.4x their— | oeor rule
5x
their 0.4x" — [(their2x4)ln5x+ 0.4x° (their ED oe
5x
—2x*In5x isw Al | nfww
5(ii) 3In5x or In5x+In5x+In5x Bl
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Question Answer Marks Partial Marks
5(iii M1 | FT k=2f '
(i) iI(—Zx“lnSx)dX oe r30m ®
-2 allow for —I(Zx“lnSx)dx
2
or, whenk=-2, for
I(x“In5x)dx=—0.2x5(0.2—ln5x)
or —%J.(?,x“lnSX)dx:O.4x5(0.2—ln5x) oe
or, when FT k =2, for
I(x“lnSx)dx:O.2x5(0.2—ln5x)
or EJ(3X4 In5x)dx: 0.4x°(0.2—In5x) oe
3 5 i Al | nfww; impliesM1
_5(0'4)( (0.2—In5x))[+c] Oe1SW a0 An answer of 0.6x°(0.2—In5x) following
k=2from (i) impliesM1AQ
6 Uses b? — 4ac M1
(p—q)2 —4(p)(-q) Al | impliesM1
p? +2pg+ o M1 | correctly simplifies
(p+q)2>Ooecaoisw Al
Alternative method
(px—a)(x+1) [=0] or ~(P=@)£(p+a)” M2 | orMifor (px+ g)(x-1) =9)
2p o (P=9£(P-0)’ ~4(p)(-0)
2p
x=ﬂ, Xx=-1 Al
p
, q . Al
for conclusion, e.g. p and q arereal therefore — is
p
real [and -1 isreal]
7()(0) 7 B1
7(a)(ii) 1 1 B1 | FT their 7 must not be 1 if following
7 " thar7 through
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7(b) 1 L 1 M1 | Anti-logs
y=8l4or y=3"0or y=92 oe
1 A1l | nfww; impliesthe M1;
=3 only or 0.333[3....] only y=.... must be seen at least once
If MO then SC1 for e.g. 81" ::—13 asfinal
answer
7(c) 501 5. e B1 | converts the terms given left hand side to
2 e o ¥ 0e or 52_x32 powers of 2 or 4; may have cross-
(24" 4° 4° multiplied
X2-1 X2 _
or log32™ = ~log4™ =logl6 oe or separates the power in the numerator
correctly
or applies a correct log law
25 _16 0e=3x* —5=4 oe M1 | combines powers and takes logs or
3.5 3 5 equates powers,
or 42 2=160e=—-x'-—=20€e
2 2 or brings down all powers for an equation
8¢ , already in logs
or > =16 oe= x“log8=10g512 oe
2 _ 2 _ condone omission of necessary brackets
or (x*-1)1og32—x“log4=1ogl6 oe for M1 condone one slip
[x=] +/3 isw cao Al
or + 1.732050... rot to 3 or more figs. isw
8(i B2
M y—8:—§(x—(—8)) oe isw B1for my __8 oe
12 1
8-0
or y[_0]=_1_82(x_4) oe isw or M1 for —— 0¢
or 3y =—-2x+8 oe isw
8(ii) (—8—4)2 n (8[—0])2 oe M1 | any valid method

208 isw or 4\/1_3 isw or 14.4222051... rot to 3 or
more sf

Al | implies M1 provided nfww
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8(iii) [coordinates of D =] (-2, 4) soi B1 | If coordinates of D not stated then a
calculation for m., or arelevant length
with the coordinates clearly embedded
must be shown to imply B1
Gradient methods: M1 | or Length of sides methods:
My :L_e'mz their(ﬁ) finds or states  AC? =65 or AC =+/65
or AC*=(-8-0)"+(8-7)" oe
2 2
A = | or AC =\/(—8—O) +(8-7)" oe
\1& “Tc
N and CD? =their13 or CD =their\/13
N A
213 \ or CD? = (0—their (-2))° +(7-their4)’ oe
PN 2 2
2 \\\ or CD = /(0 their (~2))? + (7~ their4)” oe
\\ B and AD? =their52 or AD = their 2,13
8 6 4 2 0| 2 4 or AD? = (-8~ their (-2))” + (8- their4)’

or AD = \/(_B‘the” (-2))" +(8~their4)°

or uses avalid method with their
coordinates of D to find the exact area of
the triangle and equates to

%(AD)(CD)sin(ADC)

3 8 3. i A1l | applies Pythagoras to confirm, using
states 5 x (_Ej =-1o0e or 7 isthe negative integer values, that 65 = 13 + 52 or finds

— H 2 2
reciprocal of — g e eg. AC= /65 using +/(2/13)%+(+/13)

or finds the equation of the perpendicular bisector or

3 .
of AB as y=5x+7 independently of C and solves %(g/fg)(@)sin ADC =13 or

hat C i hisline. 2
statesthat C lieson thisline (\/6_5) — (2V13)? + (V13)?

—2(23/13)(\/13) cos ADC
to show ADC isaright angle

8(iv) (_4j o B1 | condone coordinates
or —4i+j

Need a home tutor? Visit smiletutor.sg
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8(V) Full valid method e.g. B2 | B1 for incomplete method
— (4) (O 4 — 4
for showing that e.g. CB= - = e.g. for stating that CB =
0 7 -7 -7
or showing that e.g.
— (0 -8 8 — (8) —
AC=|_ |- = oe or AC= -EB
7 8 -1 -1
— (4 (-4 8
and EB= ol _117 1) ©® or just showing that one pair of opposite
sidesis parallel or has the same length
or comparing gradients of both pairs of opposite or just showing that length DC = length
sides and showing they are pairwise the same DE or just showing that C, D and E are
collinear
or comparing the lengths of both pairs of
opposite sides and showing that they are
pairwise the same
or showing that length AC = length AE or
that the length BC = length BE
or comparing the gradients and lengths of a
pair of opposite sides
or showing that D is the midpoint of CE
or showing that length DC = length DE and
that C, D and E are collinear
9(i) 2(x—1.5)2+0.5 ISV B3 | or B3fora=2andb=15andc=0.5

provided not from wrong format isw

or B2for 2(x—1.5)2+c where c = 0.5
ora=2andb=15

or SC2for 2(x—1.5)+0.5 or
2[(x—1.5)2+:11j seen

or Blfor (x—1.5)2 seenorforb=15o0r
forc=0.5

or SC1 for 3 correct values seenin
incorrect format e.g. 2(x—1.5x)+0.5 or

2(x2 —1.5) +05
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Marks Partial Marks

a(ii)

B3 | B1 for correct graph for f over correct
domain or correct graph for f — 1 over
correct domain

B1 for vertex marked for f or f — 1 and
intercept marked for f or f — 1

B1 for idea of symmetry — either
symmetrical by eye, ignoring any scale or
liney = x drawn and labelled

Maximum of 2 marks if not fully correct

a(iii)

M1 | FT their a,b,c, provided their a =1 and
a,b,c are dl non-zero constants
y—0.5
2
variables at some point

or = (x—1.5)2 and reverses

x—0.5

fY(x)=15-
(x) >

oe

A1l | must have selected negative square root
only; condoney = ... etc.; must be in terms
of x

If MO then SC2 for f *(x) =6_—2X_4

oe

or SC1 for

£1(x) = —(—6) £/36—4(2)(5-x) 0e

2(2)

1
X=— oe
2

Bl

10()

sin? (EJ S0
4

M1 | implied by 0.848[06...]

0.848[06...] rot to 3 or more figs or
2.29[35...] rot to 3 or morefigs

M1 | implied by acorrect answer of acceptable

accuracy

0.544 486... rot to 3 or more figsisw

Al

1.03 or 1.02630... rot to 4 or more figsisw

Al | Maximum 3 marksif extraanglesin
range; no penalty for extra values outside

T
range 0< x<§
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10(ii) Correctly uses tan? y=sec’ y—1 and/or M1 | for using correct relationship(s) to find an

SNY and sn?y=1-cos?y
cosy

equation in terms of a single trigonometric
ratio

3sec’ y-14secy-5=0
= (3secy +1)(secy-5)
or

5cos’ y+14cosy—-3=0
= (5cosy-1)(cosy + 3)

DM1

for factorising or solving their 3-term
quadratic dependent on the first M1 being
awarded

Al
[cosy=-3] cosyzé
78.5 or 78.4630... rot to 2 or more decimal places Al
isw
281.5 or 281.536.... rot to 2 or more decimal places Al | Maximum 4 marksif extraanglesin

isw

range; no penalty for extravalues outside
range0 < x< 360

11(i) x* 4 5P ) B2 | B1for any 3 correct terms
— 4+ ————+5x[+C] isw
4 3 2
11(ii) X +4x? —5x+5="5 and rearrange to Bl Y1
X(X +4x~5)=0 oe soi
(-5, 5) B __/c(,5)
—]
[E (-5,0) o bp@Eo *
Solvestheir x* +4x—5[=0] soi M1
Xx=-5, x=1 soi Al
OEAB =25, OBCD =5 Al
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11(iii) Correct or correct FT substitution of 0, their -5 M1 | dependent on at least B1in (i)
: {x“ 4x® 5x° T
seenin | —+—————+5x
4 3 2 their-5
Correct or correct FT substitution of their 1, O seen M1 | dependent on at least B1in (i)
x* 4x® Bx? et
in| —+————+5X
4 3 2 o
5 M1 | for the strategy needed to combine the

. 117 . . . 49
ther? —theirOEAB + theirOBCD —thelrE oe areas, may be in steps;

97.916-25+5-4.083

886 5 . . A1l | al method steps must be seen; not from
—— oeor 73E oeor 73.83 rot to 3 or more sig wrong working

figs

If MO then allow SC3 for
0 1
j (x® + 4x® —5x) dx —_[ (xX*+4x* -5x)dx oe

¥ a0 el [x ac 5T
4 3 2 4 3 2
_ %_@_ g 5_5 i
4 3 2
_ 43 oe
6
or SC2 for
2
J.Iheir( 5)( +4x° SX)dX_I X* +4x* - 5x) dx oe

{ Xt 4x® 5x? } { Xt 4x® 5x? Tdrl
Y A AR A B AT A
4 3 2 neir(-5) 4 3 2 o

=[F(0) - F(their (-5))] - [ F (their1) - F (0)]

12(i) B1 _ -3x2
: -6 . Allow —3(2x+1)*x2 or———— oe
—6(2x+1)? or——— oeisw 2
S P (2x+1)
. 2 - e Bl _
Denominator or-(2x+1) is posutl\{e [and FT their g'(x) of theform k _oe
numerator negative therefore g'(x) is always (2x+1)
negative] oe wherek > 0;
Allow (2x+1) isaways positive
12(ii) g>0 B1
12(iii B1
(i) 3 +3 oeisw

2X+1
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12(iv) 3k N Bl
2(0)+1
_ B1 | impliesthefirst B1
k== isw
12(v Bl
W el
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1(a M1 | correct first anti-logging st
@ log, 2.5=2x+5 or Iog{%):Zx J9mg S
or (2x+5)log7=1og2.5
log,2.5-5 M1 | isolates x
(=] 2
2
1I 25)
or > 09, = )= X
or le IogZ.5_5
2\ log7
-2.26(4...) Al
1(b) , 5 B3 | B1for each term
57p~q* oe If BO then allow M1 for numerator of
3 1
125¢2 or denominator of 5p3q*
2(i) B and C with valid reason B2 | B1 for one graph and valid reason or both
graphs and no reason
2(ii) B only with valid reason B2 | B1for graph B or valid reason
3 113-5 0 i M1 | or 13=m+c and 5=0.2m+c and
[m=] 1-0.2 or 10 so subtracting/substituting to solve for mor
¢, condone one error
Y —13=their 10(X -1) M1 | or using their mor their c to find their ¢

or their m, without further error
or Y-5=their 10(X —0.2)

or 13=their 10+ c or 5=their 10x0.2+c

M1 | their mand c must be validly obtained
&y = (their m)=+ (their ©) or o
X

3y = (their m)(1—1)+13or
X

3y = (their m)(§—0.2j+5

3 Al
2
X

1 3
or y= [10[— —1) +13]
X

3
or y=(10(£—0.2j+5] cao, isw
X

Need a home tutor? Visit smiletutor.sg
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4(8)(1) —4 B1
3
4@() | /122 + (~15)? or better M1
1 ( 11) Al
V346 -15
4(b) — — 33— M1 — — 1=
OR:OP+ZPQ50| or OR=OQ—ZPQ soi
— 3 M1 p— 1
[ORz]erZ(q—p) or [ORqu—Z(q—p)
— 71 3 Al
OR=|=p+-qoe
[OR=]7p+a
5(a) (9%x8x7x6x1)+(8x8x7x6x1) soi M2 | M1 for one correct product of the sum
5712 Al
5(b) %C,x °C, + °C,x °C; oe M2 | M1 for one correct product of the sum
[630+84=]714 Al
6 64=2" M1
n==6 Al
their(2)""*Y x (—a) =—16b oe M1
_ (6. M1
theirw(z)ma'“3 ? x (-a)? =100b oe

attempts to solve

DM 1 | dep on both M1 marks being awarded;
must have correctly or correct FT
eliminated one unknown

Al

Al
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7() k(1+4x)° M1
4x10(1+ 4x)° or better Al
(1+ 4x)"°(their —sinx) + M1 | clearly applies product rule
cosx(their (4>< 10x (1+ 4x)9 ))
1+ 4x)1°(—sinx)+cosx(4><10x(l+ 4x)9) Al | dl correct

7(ii Bl

( ) E( e4x—5) _ 4e4x—5 0
dx
Bl
i(tan X) = sec” X soi
dx
clearly applies correct form of quotient rule M1 | or correct form of product rule to
tan x(their 46™5) - g™® (their sec? x) e >(tanx) !
(tanx)* 46 (tan x) ™t + ¥ (tan x) 2 x sec? x
tan x(4e¥5) —e® (%(;2 X) A1 | al correct
> isw
(tanx)

8(i) T B1
3
6 [cm] B1

8(ii) : T AV M1
[major arc =] 2n—the|r§ their r
10n + 6 cao Al

8(iii M1

(i) 1 their6)?( 2n —their 1 their6)?( their
2 3 2 3
M1

1 iheir6)2sin their = L their6)?sin| their =
2 3 2 3
Sector + triangle M1 | zxtheir6? — (Sector — triangle)
30n + 93 Al
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(i) y _ M1 | attempt to swop; may bein later work that
i v/ X—1 with attempt to swop x and y at contains an error
some point
or gz Jy-1

%\ Al | condoney = ... etc; must be afunction of x
[0 =] (—j +1 0e
9

x>0 Bl

9(”) f(51) M1 or fg(X)=9 X2 +1
950 oe Al

)

i) [of (X) =](9\/X—1) +2 M1
[of (x) =] 81(x—1) + 2 or better Al
their (81x - 79) =5x% +83x— 95— M1 | provided their (81x—79) of the form
their(5x2+2x—16[= O]) ax+b for non-zeroaand b
1.6 oe only A1l | must disregard other solution

10(a) sinx=0.5, sinx=-0.5 M1
n @ 5t 5nm oe A2 | Alfor any correct pair of angles
6 6 6 6 _ _

if MO then SC1 for acorrect pair of
angles
10(b M1
(®) 2y+15=tanl(%) soi

18.43(49...) and 198.43(49...) M1
17,917 A2 | Alfor each
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100c) Uses cot® z=cosec: z—1 oe M1 | for using correct identity or 1dentities to
obtain an equation in term= of a single
ingonometric rabo
T cosec: 7+ Teosees —d = 0= DAL | for dealing with quadratic
| 2cosecz — 1) cosecz +4)
: - 1 M1
smz=2] smz=—
[ ] n
1945, 3455 Al | Al foreach
11() _ Sx+20 _ M1 | or better; equates and solves as faras
544/10x = 3 —}_,2‘|.'lr—41.|1[|1' =:|.1:'+_,.:L"ﬁ clearing the fiaction
|:x _]ﬂ_:lwl"l_ﬂ M1 | Simphfies as far as Je=o
Jr S
x=64 cao Al | squares and simphfies to 6.4
[y=]13 Bl
11im) (area of trapezium =) their 37.6 Bl | FT x=rheir 64, y=theirl3
usmg any valid oeethod
[ (5+ 0% ) ax M
Fim , 3 M1 . ! 3
J(102) dx =k (10x )% or -:u'}\n'ﬁ.r: dr=kf10(x)2
3 Al [ L
=, 2A10x)2 | [, 2(10)z|x)z |
Ix+ - orf Sx+————— |
3=10 3
| L |
iy 3 M1 | limats used comectly or cormect FT and
their| 5(6.4)+ 20D | 76 ce subtraction of trapezium;
3=10 2
1 their QlElq_ —their37.6
12 _ Al | allow 8.3333333_... rot to 4 or more sf
— or 833 o
2
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ = 0,
«— —b*Vb’— dac
2a
Binomial Theorem
(@a+b=an+|q @b+ [Hla 2 b2+ .+ b+

where n is apositive integer and (?) = ﬁ

2. TRIGONOMETRY
Identities
SN A+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ c
snA ™~ snB ~ sinC

a?=b?+c?2-2bccosA

A:%bcsinA
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1 Theline y = kx— 5, where k is a positive constant, is a tangent to the curve y = x? + 4x at the point A.

(i) Find the exact value of k. [3]

(i) Find the gradient of the normal to the curve at the point A, giving your answer in theform a+ b+v/5,
where a and b are constants. [2]
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2 Itisgiventhat p(x) = x3+ ax® + bx — 48. When p(x) isdivided by x—3 theremainder is®6.
Giventhat p'(1) = 0, find the value of a and of b. [5]

3 (a) Simplify v/x%y° = Jx%y 8, giving your answer in the form x%y®, where a and b are integers. [2]

(b) (i) Show that 4(t— 2)% +5(t— 2)g can be written in the form (t— 2)P(qt +r), where p, qand r
are constants to be found. [3]

(i) Hence solvethe equation 4(t— 2)% +5(t— 2)% =0. [1]
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4 (a) lItisgiventhat f(x)=3e *+5 for xeR.

(i) Statetherange of f. [1]
(i) Find f™' and stateits domain. [4]
(b) Itisgiventhat g(x)=x*+5 and h(x)=Inx for x > 0. Solve hg(x) = 2. [3]
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O

The diagram shows a figure OABC, where OA = a, OB = b and OC = c. The lines AC and OB
intersect at the point M where M is the midpoint of the line AC.

(i) Find, intermsof a and c, the vector OM. [2]
(i) Giventhat OM:MB = 2:3, find b in terms of a and c. [2]
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(b) Vectorsi andj are unit vectors parallel to the x-axis and y-axis respectively.
The vector p has amagnitude of 39 units and has the same direction as —10i + 24j.

(i) Findpintermsofiandj. [2]

(i) Find the vector q such that 2p + g is parallel to the positive y-axis and has a magnitude of
12 units. [3]

(iii) Hence show that | q| = kv5, where k is an integer to be found. [2]
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B C

The diagram shows a circle, centre O, radius 12cm. The points A and B lie on the circumference of the
circle and form arectangle with the points C and D. The length of AD is8cm and the area of the minor

sector AOB is 150cm?.

(i) Show that angle AOB is 2.08 radians, correct to 2 decimal places. [2]
(if) Find the area of the shaded region ADCB. [6]
(iif)  Find the perimeter of the shaded region ADCB. [3]
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7  Show that the curve y = (3x? + 8)° has only one stationary point. Find the coordinates of this stationary
point and determine its nature. [8]
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8 (i) Ontheaxesbelow sketchthegraphsof y=|2x—5| and 9y = 80x — 16x°. [5]

YA
10+

-10-

(i) Solve|2x—5|= 4. [3]

(iii) Hence show that the graphsof y=|2x—5| and 9y=80x— 16x*> intersect at the points
where y = 4. [1]

(iv) Hence find the values of x for which 9| 2x — 5| < 80x — 16x°. [2]
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9 (i) Show that 5+4tan2[§] = 4sec? g +1. [1]
(i) Giventhat %(tan[é]) - %%cz[g] find | secz[gldx. 1]

(iii)
Y4 y=5+ 4tan2[§]
3
o M x X
2

The diagram shows part of the curve y =5+ 4tan2[§]. Using the results from parts (i) and (ii),

find the exact area of the shaded region enclosed by the curve, the x-axis and the lines x = % and
X=T. [5]

Question 10 isprinted on the next page.
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3X
e - find G dy

A [3]

10 (a) Giventhat y—

(b) Variablesx, y andt are such that y:4cosx+%+2«/§sin x+% and at = 10.

dy

(i) Findthevalueof - when x—% [3]
(i) Findthevalueof & when x=%. 2]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++b* -4dac

2a

X

Binomial Theorem

n=any (Mo M _n2 2
(a+b)—a+1a b+2a b+...+r

) o n\_ n!
where n is a positive integer and(r)_—(n—r)!r!

2. TRIGONOMETRY
Identities
sn?A+cos?A=1
sec? A=1+tan’ A

cosec2 A=1+ cotZ A

Formulae for AABC

a _ b _ c
snA~ snB " sinC

a?=b?+c?-2bccosA

1 :
A—EbcsmA
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1 Oneach of the Venn diagrams below, shade the region which represents the given set.

2 ltisgiventhat y=
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[3]

when x = 3.

[5]
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4
3 Vectorsi and | are unit vectors parallel to the x-axis and y-axis respectively.

(@) The vector v has a magnitude of 35 units and has the same direction as i — 2j. Find v giving
your answer intheform ai + bj, where a and b are integers. [2]

(b) The velocity vector w makes an angle of 30° with the positive x-axis and is such that |w|= 2.
Find w giving your answer in the form v'ci + dj, where c and d are integers. [2]

n
4  Thefirst 3 termsin the expansion of [3 - 5] are 81 + ax + bx?. Find the value of each of the constants
n, aand b. 6 [5]
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5 A particle P moves in a straight line, such that its displacement, xm, from a fixed point O, t s after
passing O, isgiven by x = 4cos(3t) — 4.

(i) Findthevelocity of P at timet. [1]
(i) Hence write down the maximum speed of P. [1]
(ili)  Find the smallest value of t for which the acceleration of P is zero. [3]
(iv) For thevalueof t found in part (iii), find the distance of P from O. [1]
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, cosect  _
6 (i) Show that cotd+tand cos4. [4]

o a  cosec2d _ V3 T
It isgiven that fo md& =2 ,Where0 < a < 4
(i)  Using your answer to part (i) find the value of a, giving your answer in terms of . [4]
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7 Itisgiventhat y = A(10™), where A and b are constants. The straight line graph obtained when Igy is
plotted against x passes through the points (0.5, 2.2) and (1.0, 3.7).

(i) Findthevaue of A and of b. [5]

Using your values of A and b, find

(i) thevalueof y when x = 0.6, [2]

(iii) thevalue of x when y = 600. [2]
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8

(&) A 5-digit number isto be formed from the seven digits 1, 2, 3, 5, 6, 8 and 9. Each digit can only be
used once in any 5-digit number. Find the number of different 5-digit numbersthat can be formed if

(i) thereare no restrictions, [1]

(i) thenumber isdivisible by 5, [1]

(iii)  the number is greater than 60000, [1]

(iv) the number is greater than 60000 and even. [3]

(b) Ranjit has 25 friends of whom 15 are boys and 10 are girls. Ranjit wishes to hold a birthday party
but can only invite 7 friends. Find the number of different ways these 7 friends can be selected if

(i) thereare no restrictions, [1]
(i) only 2 of the 7 friends are boys, [1]
(iii) the 25 friendsinclude a boy and his sister who cannot be separated. [3]
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31 1 —2
9 (a) Giventhat A=|-1 2,B=[ ]andC=AB,
3 0
4 5
(i) statethe order of A, [1]
(i) findC. [3]
. 5 -12
(b) Thematrix X = [4 _7].
(i) Find X1 [2]

(i) Using X, find the coordinates of the point of intersection of the lines
12y = 5x — 26,
7y = 4x — 52. [4]
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10

The diagram shows acircle, centre O, radius 8cm. The points A, B, C and D lie on the circumference of
the circle such that AB isparallel to DC. The length of the arc AD is4cm and the length of the chord AB

is15cm.
(i) Find, inradians, angle AOD. [1]
(i) Hence show that angle DOC = 1.43 radians, correct to 2 decimal places. [3]
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(iii)  Find the perimeter of the shaded region. [3]

(iv) Findthe area of the shaded region. [4]

Question 11 isprinted on the next page.
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11 Thecurve y = f(x) passes through the point % g and issuch that f'(x) = e* 1.

(i) Find the equation of the curve. [4]

(i) Find the value of x for which f "(x) = 4, giving your answer in theform a+ bInv2, whereaand b
are constants. [4]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ = 0,
= —b+Vb*— 4ac
2a
Binomial Theorem
(a+b"=a"+ 2 avlb+ 2a“‘2b2+ ot ': ar b+ ..

where n isa positive integer and (n) nt

r- (n=r)!r!

2. TRIGONOMETRY
Identities
sn?A+cos?A=1
sec? A=1+tan’ A

cosec2 A=1+ cotZ A

Formulae for AABC

a b _ ¢
sinA ™~ snB " sinC

a?=b?+c?-2bccosA

A:%bcsinA
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1 (a) OntheVenn diagram below, shade the region which represents (AN B")U(CN B’). [1
€
A B
C
(b) Complete the Venn diagram below to show the sets Y and Z suchthat ZC X C Y. [1]
€
X

2 Giventhat y= 3+ 4cos9x, write down

(i) theamplitudeof v, [1]

(i) theperiod of . [1]
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4

3 (i) Ontheaxesbelow, sketchthegraphof y=3sinx—2 for 0°< # < 360°. [3]

YA

9Q0°

180°

>
270° 360° X

(i) Giventha 0<|3sinx—2|<k

© UCLES 2017
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for 0° < x < 360°, write down the value of k. [1]
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5

4 Inthisquestion, al dimensions arein centimetres.

The diagram shows an isosceles triangle ABC, where AB = AC. The point M is the mid-point of BC.
Giventhat AM =3+ 2+v5 and BC =4+ 6+v5, find, without using a calculator,

(i) theareaof triangle ABC, [2]

a+bvs
c

(if) tan ABC, giving your answer in the form where a, b and c are positive integers.  [3]
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6

5 Thenormal to the curve y = v4x+ 9, at the point where x = 4, meets the x- and y-axes at the points A
and B. Find the coordinates of the mid-point of the line AB. [7]
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. 3 1 a
6 (a) Giventhat A—[2 4], B=

5 1
2 4] and c=[_2 i],find
-1 0

(i) A+3C, [2]

(i) BA. 2]

(b) (i) Given that x:[él1 :Z’],findx—l. 2]

(i) Hencefind Y, such that xv=[5 _10]

15 20/ 3]
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tan0 + sin®0

7 (a) Show that I

= tandsind. [4]
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(b) Giventhat x=3sing and y = % , find the numerical value of 9y? — x%y?. [3]
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8 Itisgiventhat p(x) = 2x3+ ax?+ 4x+ b, wherea and b are constants. Itisgivenasothat 2x+ 1 isa
factor of p(x) and that when p(x) isdivided by x— 1 thereisaremainder of —12.

(i) Findthevalue of aand of b. [9]

(i) Using your values of a and b, write p(x) in the form (2x+ 1)q(x), where q(X) is a quadratic

expression. [2]
(iii) Hence find the exact solutions of the equation p(x) = 0. [2]
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k
9 Itisgiven thatfk(15e5x—5e*5x)dx= 6.

(i) Show that e*—e =3 [5]

(i) Hence, using the substitution y = €%, or otherwise, find the value of k. [3]
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10 Itisgiventhat y = (10x + 2)In(5x+1).

(i) Find (;—"2('. [4]

(i) Henceshow that f|n(5x+ 1)dx = (aX;r b)

constant of integration. [3]

In(5x+ 1) — x+ ¢, whereaand b areintegersand cisa
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, Where d and f are integers.

1
(iif) Hencefind fosln(5x+ 1)dx, giving your answer in the form d +5Inf
[2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2017 0606/13/M/J/17 [Turn over



14

11 A curve hasequation y = 6x — XVX.

(i) Find the coordinates of the stationary point of the curve. [4]
(i) Determine the nature of this stationary point. [2]
(iii) Find the approximate change in y when x increases from 4 to 4 + h, where hiis small. [3]
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12 A particlemovesin astraight line, such that its velocity, v ms 2, ts after passing a fixed point O, is
givenby v=2+6t+3sin2t.

(i) Find the acceleration of the particle at timet. [2]
(i) Hencefind the smallest value of t for which the acceleration of the particleis zero. [2]
(iii)  Find the displacement, x m from O, of the particle at timet. [5]
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Quadratic Equation

For the equation ax? + bx + ¢ = 0,

Binomial Theorem

(@+b"=a"+

where n is apositive integer and (

|dentities

Formulae for AABC

© UCLES 2017

n

2

Mathematical Formulae

1. ALGEBRA

_ —b+~\b* -4ac

X =
2a

n

n
2arF2b2+...+ Ul

_ n!
" (n=n)r!

2. TRIGONOMETRY

sin2A+cos?A=1
sec?A=1+tan?A

cosec? A=1+ cot? A

a _ b _ ¢
snA~ snB ~ snC

a?=b?+c2—2bccosA

_1
A—ZbcsmA
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1 Find the equation of the curve which passes through the point (2, 17) and for which % =43+ 1 [4]
2 Donot useacalculator in thisquestion.
(@) Show that V24 x V27 + 9?\/13? can be written in the form a+v'2, where ais an integer. [3]

(b) Solve the equation v3(1+ x) = 2(x — 3), giving your answer in the form b+ ¢v3, whereb and ¢
are integers. [3]
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3 Thevariablesxandy aresuchthat y = In(x* + 1).

(i) Find an expression for % [2]

(i) Hence, find the approximate change in y when x increases from 3to 3+ h, wherehissmall. [2]

4 (a) Giventhat y= 7cos10x — 3, where the angle x is measured in degrees, state

(i) theperiod of y, [1]
(i) theamplitude of y. [1]
(b)
YA
12
[\ /\ /\ /\
10d/\ [\ [\ [\
[\ [ [\ [\

, \ "/ \ \ "/ \ "/
"/ \—/ "/ "/
\/ \/ \/ \/

0 >
0° 45° 90° 135° 180° 225° 270° 315° 360° X

Find the equation of the curve shown, in the form y = ag(bx) + ¢, where g(x) is a trigonometric
function and a, b and c are integers to be found. [4]
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5 (i) Given that ais aconstant, expand (2+ax)*, in ascending powers of x, simplifying each term of
your expansion. [2]

Given also that the coefficient of X2 is equal to the coefficient of x3,

(i) show that a= 3, [1]

(iii)  useyour expansion to show that the value of 1.97%is 15.1 to 1 decimal place. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2017 0606/21/M/J/17 [Turn over



6

6

Four cinemas, P, Q, R and S each sell adult, student and child tickets. The number of tickets sold by
each cinema on one weekday were

P: 90 adult, 10 student, 30 child

Q: 45 student

R: 25 adult, 15 child

S 10 adult, 100 child.

(i) GiventhatL =(1 1 1 1),constructamatrix, M, of the number of tickets sold, such that the

matrix product LM can be found. [1]
(i)  Find the matrix product LM. [1]
(iii) State what information is represented by the matrix product LM. [1]

An adult ticket costs $5, a student ticket costs $4 and a child ticket costs $3.

(iv) Construct a matrix, N, of the ticket costs, such that the matrix product LMN can be found and
state what information is represented by the matrix product LM N. [2]
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7 (@) Oneach of the Venn diagrams below shade the region which represents the given set.

XNy PNQNR

pad
-
QO

[2]
(b) In a group of students, each student studies at most two of art, music and design. No student
studies both music and design.

A denotes the set of students who study art,
M denotes the set of students who study music,
D denotes the set of students who study design.

(i) Writethefollowing using set notation.

No student studies both music and design.

[1]

There are 100 students in the group. 39 students study art, 45 study music and 36 study design.
12 students study both art and music. 25 students study both art and design.

(i) Complete the Venn diagram below to represent this information and hence find the number of
students in the group who do not study any of these subjects.

€ A

[3]
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8 (@) A football club has 30 players. In how many different ways can a captain and a vice-captain be
selected at random from these players? [1]

(b) A team of 11 teachersis to be chosen from 2 mathematics teachers, 5 computing teachers and 9
science teachers. Find the number of different teams that can be chosen if

(i) theteam must have exactly 1 mathematics teacher, [2]

(if) theteam must have exactly 1 mathematics teacher and at least 4 computing teachers. [4]
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9 Thecurve 3x* + xy — y*>+ 4y — 3= 0 and the line y = 2(1 — x) intersect at the points A and B.

(i) Find the coordinates of A and of B. [9]

(i) Find the equation of the perpendicular bisector of the line AB, giving your answer in the form
ax+ by = ¢, where a, b and ¢ are integers. [4]
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10 Thetable shows values of the variablest and P.

1 15

—

2.5

P 4.39 8.33

15.8

30.0

(i) Draw the graph of InP against t on the grid below.

[2]

InP A
3
2
1 i
0 0.5 1 15 25 t

(i) Usethe graph to estimate the value of P when t = 2.2.

[2]

(iif) Find the gradient of the graph and state the coordinates of the point where the graph meets the

vertical axis.

[2]

(iv) Using your answers to part (iii), show that P = ab', where a and b are constants to be found. [3]

(v) Given that your equation in part (iv) is valid for values of t up to 10, find the smallest value of t,
correct to 1 decimal place, for which P is at least 1000.

© UCLES 2017 0606/21/M/J17

[2]
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11 (i) Provethat sinx(cotx+ tanx) = secx. [4]

(ii) Hence solve the equation |sinx(cotx + tanx) | = 2 for 0° < x < 360°. [4]

Question 12 isprinted on the next page.
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12 A particle movesin astraight line so that, t seconds after passing afixed point O, its displacement, sm,
from Oisgiven by

s= 1+ 3t— cosbht.

(i) Find the distance between the particle’s first two positions of instantaneous rest. [7]

(i) Find the acceleration whent = x. [2]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++b* -4dac

2a

X

Binomial Theorem

n=any (Mo M _n2 2
(a+b)—a+1a b+2a b+...+r

) o n\_ n!
where n is a positive integer and(r)_—(n—r)!r!

2. TRIGONOMETRY
Identities
sn?A+cos?A=1
sec? A=1+tan’ A

cosec2 A=1+ cotZ A

Formulae for AABC

a _ b _ c
snA~ snB " sinC

a?=b?+c?-2bccosA

1 :
A—EbcsmA
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1 Solve|5x+3|=|1-3x|. [3]

1++/5
3-+5

-2
2  Without using a calculator, express[ ] in the form a+ bv5, where a and b are integers. [5]
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3 Without using a calculator, factorise the expression 10x® — 21x° + 4. [5]

4  Thepoint P lies on the curve y = 3x? — 7x + 11. The normal to the curve at P has equation 5y + x = k.
Find the coordinates of P and the value of k. [6]
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5 (i) Show that % [0.4x°(0.2 — In5x)] = kx*In5x, where k is an integer to be found. [2]
(i) Expressn125x® in terms of In5x. [1]
(iii) Hencefind f (x*In125x3) dx. [2]
6  Show that theroots of px?+ (p—g)x—q= 0 arereal for al real values of p and g. [4]
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7 (a) Giventhat a’=b, whereaand b are positive constants, find,

(i) log,b, [1]

(i) log,a. [1]

(b) Solve the equation |0981y=—%. 2]
x°—1

(c) Solvethe equation 324)(2 = 16. [3]
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8 Solutionsto this question by accurate drawing will not be accepted.
The points A and B are (-8, 8) and (4, 0) respectively.

(i) Find the equation of the line AB. [2]

(i) Calculate the length of AB. [2]

The point Cis (0, 7) and D is the mid-point of AB.

(iii)  Show that angle ADC isaright angle. [3]

The point E is such that AE = [_‘71]

(iv) Write down the position vector of the point E. [1]

(v) Show that ACBE is aparallelogram. [2]
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9 Afunctionfisdefined, for x < % by f(X) = 2x* — 6x+5.

(i) Expressf(X) intheform a(x—b)?+ c, where a, b and c are constants. [3]

i n the same axes, sketch the graphs of y = f(x) and y = f (x), showing the geometric
(i) Onth sketch the graphs of y = f(x) and y = f ~1(x), showing th ical

relationship between them. [3]
YA
T T O T T T T T ?
(iii) Using your answer from part (i), find an expression for f ~*(X), stating its domain. [3]
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10 Solve the equation

(i) 4sin 3x—%]=3for0<x<%radians, [4]
(i) 2tan’y+ sec®y = 14secy + 3 for 0° < y < 360°. [5]
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1

y=x3+ 4x*-5x+ 5

/E 0 D X

The diagram shows part of the curve y = x° + 4x* — 5x + 5 and the line y = 5. The curve and the
line intersect at the points A, B and C. The points D and E are on the x-axis and the lines AE and
CD are paralédl to the y-axis.

() Find f ( + 4x% — 5x + 5) dx. 2]

(if) Find the area of each of the rectangles OEAB and OBCD. [4]
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(ili) Hence calculate the total area of the shaded regions enclosed between the line and the curve. You
must show all your working. [4]

Question 12 isprinted on the next page.
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. . . 1 _ 3
12 Thefunction g isdefined, for x >—§, by g(x) = e

(i) Show that g'(x) is always negative.

(i)  Write down the range of g.

The function h is defined, for all real x, by h(x) = kx+ 3, where k is a constant.

(iif) Find an expression for hg(x).

(iv) Giventhat hg(0) = 5, find the value of k.

(v) Statethe domain of hg.

[1]

[1]

[2]

[1]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

_ ~b++/b?-4ac

2a

X

Binomial Theorem

(a+b)"=a"+ 2am1b+ 2am2b2+...+ "

where n isa positive integer and (?) - ﬁ

2. TRIGONOMETRY
Identities
sSn?A+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ c
sinA "~ snB ™~ snC

a?=b?+c?2—2bccosA

A=%bcsinA
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3

1 (a) Solvetheequation 7%*° =25, giving your answer correct to 2 decimal places. [3]
3
(b) Express Lq)l in the form 52p°q°, where a, b and ¢ are constants. [3]
(625p2q)*
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YA YA

The four graphs above are labelled A, B, C and D.

(i) Write down the letter of each graph that represents a function, giving areason for your choice. [2]

(i) Write down the letter of each graph that represents a function which has an inverse, giving a
reason for your choice. [2]
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Vyi
(1, 13)

(0.2, 5)

<Y

Variables x and y are such that when ¥/y is plotted against % astraight line graph passing through the
points (0.2, 5) and (1, 13) is obtained. Expressy in terms of x. [4]
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6

(@) Vectorsa, bandcaresuchthata=| 6 _15

(i) Findc. [1]

5], bz[ 11] and 3a+ c=Dbh.

(if)  Find the unit vector in the direction of b. [2]

(b)

O g Q

Inthe diagram, OP =p and OQ = q. The point R lies on PQ such that PR= 3RQ. Find OR in
terms of p and g, ssmplifying your answer. [3]
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5 (@ How many 5-digit numbers are there that have 5 different digits and are divisible by 5? [3]

(b) A committee of 8 peopleisto be selected from 9 men and 5 women. Find the number of different
committees that can be selected if the committee must have at least 4 women. [3]
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6 Thefirst three terms of the binomial expansion of (2 — ax)" are 64 — 16bx + 100bx?. Find the value of
each of theintegersn, a and b. [7]
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7  Differentiate with respect to x,

(i) (1+4x)"cosx, [4]
Ax—5
(i) T [4]
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2rcm

The diagram shows a circle, centre O of radius rcm, and a chord AB. Angle AOB = 6 radians. The
length of the major arc AB is 5 times the length of the minor arc AB. The minor arc AB has length

2rcm.
(i) Findthevalueof 8 and of r. [2]

(i) Cadculate the exact perimeter of the shaded segment. [2]

(iii) Calculate the exact area of the shaded segment. [4]
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9 Thefunctionsf and g are defined, for x > 1, by

f(x) =9vx—1,
g(x) = x>+ 2.
(i) Find an expression for f *(x), stating its domain. [3]
(i)  Find the exact value of fg(7). [2]
(i) Solve gf (x) = 5x*+ 83x — 95. [4]
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10 Solve the equation

(@ 2/sinx|=1 for —xr<x<m radians, [3]

(b) 3tan(2y+15)=1 for 0°<y< 180, [4]
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(c) 3cot’z= cosec’z—7cosecz+1 for 0° < z< 360°. [5]
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1
YA
4y = 5x+ 20
%y= 5+ v10x
P
o
O R X

The diagram shows part of the curve y =5+ +v10x and theline 4y = 5x + 20. Theline and curve
intersect at the points P(0,5) and Q. Theline QRis parallel to the y-axis.

(i) Find the coordinates of Q. [4]
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(i) Find the area of the shaded region. You must show all your working. [6]
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0606/11 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2017

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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00611 Cambridge IGCSE — Mark Scheme OctoberMovember

FUBLISHED 2017
Queztion Answer Marks Cuidance
liz) A'nB Bl
L{m) AnBnC El
1im1) Au B El
2 1y _a b 13 M1 (1
pl.?.|—g—1——2+4 atternpt at F'.E.
| T - S Al
];:-I..rl Jax” +2x—13 ETIEIDPTEIF;%;
pfs|=245-13
leading to a+ 2b=20 and Al | at least one correct equation
Ja+4b-52=0
solution of sumultanecus equations DALl
g=12 b=4d Al | for both
2} pl-l]=-12+4+13+4 M1
9 Al | FT on their integer values of g and &
i i
3 1-3_3 — Il Bl multiplicahion/dealing with power of %
Tlg=4x] OF SUATINE
1 Bl | for either
I= T'g\: or Te
47" : 2n
k) v —dy+3=0 M1 | reduction to qu—drati—: equation and
leading to y =1, y=3 sttempt to soive
1 1 DALl 1
xt=l x'=3 attempt to sobve x* =k (pozitive k)
Y=l x=27 A2 | Al foreach
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0606/11 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2017
Question Answer Marks Guidance
4(i) 1 Bl
2
4(ii) lgy=mx?+c B2 | -1 for each error
1
lgy==x%+1
gy 5
A(iii) (xiﬂJ B1 | dealing with Ig on their (ii)
2
y=10
» B2 | B1 for each, dependent on first B1
y=10(1072
5(i) (O, 20) Bl
5(ii) 31.7 Bl
5(iii) 26 —8e > (+c) B2 | B1 for each correct term
S(v) Areaof trapezium = %(20+ 31.7) Bl
=25.86 or 25.85
2x o 2x T _(0n2 _an2)_(_ M1 | substitution of both limits, must have
[Ze ge ]o B (Ze 8e ) (-6) come from integration of the form
ae®™ +be®.
19.7 Al
Required area = 6.15, 6.16, 6.17 Al
6(a)(i) f>3 B1 | must be using a correct notation
6(a)(ii) ( Ax— 1)2 13-4 M1 | correct order
solution of resulting quadratic equation DM1
h .
X=0, X:% A1l | both required

© UCLES 2017
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Question Answer Marks Guidance
6(b)(i) Xy —4y=2x+1 M1 | ‘multiplying out’
x(y—2)=4y+1 M1 | collecting together like terms
_4y+1
y—2
1 4x+1 A1l | correct answer with correct notation
h=(x) =
X—2
Range h™ =4 B1 | must be using a correct notation
6(b)(ii) 2 (x) h(2x+1J M1 | dealing with h? correctly
\ x-4
2(2x+1) 1
_ X—4
[2x+1j_4
X—4
dealing with fractions within fractions M1
5x—2 Al
= oe
17-2x
7(1) In(2x+1)-In(2x-1) B1
7(ii) attempt to differentiate M1
dy 2 2 Al | all correct
dx 2x+1 2x-1
attempt to obtain in required form DM1
16x2 —8 Al | Aladll correct
a1
7(iii M1 .
(i) when ¥ _ 0 , 16x*-8=0 setting Y _ 0 and attempt to solve
dx dx
X= 1 onl Al
> y
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Question Answer Marks Guidance
7(iv) d?y 32x( 452 — 1) B 8x(16x2 B 8) M1 atterrlwpt.at second _derivative z;:nd
> = > conclusion or equivaent method
dx (4x°-1)
2 Al
When x=i d_z/ IS+ ve, SO minimum
V2 dx
8 | tcyx °C, B1 | either °C, or °C,
420 Bl
8(a)(ii) 2c, +12C,, B2 | B1for each
=561 Bl
Alternate scheme: B1B1

1001 —(2x G, )

=561 Bl

8(b)(i) 136080 B1

8(b)(ii) No of ways ending with 0 - 15120 Bl
No of ways ending with 5 - 13440 B1
Total 28560 B1

8(b)(iii) Starting with 6 or 8 - 13440 Bl
Starting with 7 or 9 - 16800 Bl
Total = 30240 Bl

(i) tan(inzz.4 M1 | valid method

PAQ =2.352(01....) Al | must see greater than 3 sf then rounding

PAQ=2.35 correct to 3 sf

9(ii) PBQ=0.790 or 0.792 Bl
9(iii) (2_352><10) + (o_7go>< 24) M1,A1 | M1 for correct attempt at an arc length
A1l for one correct arc length
= awrt 42.5 Al
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0606/11 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2017
Question Answer Marks Guidance
9(iv) 1 ) 1 ., . B1,B1 | B1for acorrect sector area allow,
(EX 24 x0.790j—(§x 24 xsm0.790) unsimplified
B1 for acorrect area of atriangle, allow
unsimplified
B1 | correct plan, dependent on both previous
+((%x102 X 2.352)—[%x102 xSihZ.SSZD B marks
=22.94+82.1 Bl
=105
10 [ [
(a 3 _&in? 2x B1 | dealing correctly with cosec
4
_ J3 M1 | correct method of solution including
SmZX:i? dealing with 2x correctly, may beimplied
2% = 60. 120 240. 300 by one correct solution.
x =30, 60, 120, 150 A2 | Alfor each correct pair
10(b) T 1 M1 | dealing with order of operations to obtain
e y-- ] afirst solution
T m In M1 | M1 for attempt to obtain a second solution
Y——7=7» —
4 6 6
51 17z A2 | Alforeach
127 12
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0606/12 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2017

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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PUBLISHED 2017
Question Answer Marks Guidance
131) 1
XO Q Y
1(ii) Either 2 | B1for C with no intersection with

either A or B (allow if Cisnot
represented by acircle)

Q - :
B1for al correct, C must be
C represented by acircle

Or
: A B
2 a=4 Bl
b=6 Bl
c=-2 M1 Al )
M1 for use of (% 2) to obtain c,
using their values of a and of b
3(i) 32 20x% + 5x* B3 | B1 for each correct term
3(ii) 1 9 Bl| 1 9
32-20%° +5x* )| v, +— — and —;
( )( X2 x* j X2 x*
Independent of x: —20+ 45 M1 | attempt to deal with 2 terms
independent of x, must be looking
a termsin x? and iz and termsin
X
1
4
X" and —
X4
=25 A1l | FT their answers from (i)

(their —20x1) + (their 5x9)
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4 correct differentiation of In(3x2 + 2) Bl

attempt to differentiate a quotient or a product M1
A1l | al other terms correct.
(x2 +1)£§Xj - 2x|n(3x2 + 2)
dy _ 3X° +2
dx (x2 +1)2
5(12) Ain14 M1 | M1dep for substitution and
14 attempt to simplif
When x=2, - 14/ PHO SR
dx 25
6 4 In14 A2 | Al for each correct term, must be
_E_En in simplest form
5(i) Either
Gradient =-0.2 Bl
lgy=-0.2x+c¢C Bl | lgy=nmx+c soi
correct attempt to find ¢ M1 | must have previous B1
21 x Al | linein either form, allow equivalent
lgy=0.42—-0.2x or Igyz%—g fractions
Or
0.3=0.6m+c Bl
0.2=11m+c Bl
attempt to solve for bothmand c M1 | must have at least one of the
previous B marks
: 21 x A1l | linein either form, allow equivalent

Leading to Igy=0.42-0.2x or Igy:a—g fractions
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5(ii) Either
y= 10(042-0.2x) M1 | dealing with the index, using their
answer to (i)
y =10%%2 (10-0.2x) A2 | Alfor each
y= 2.63(10‘0'2")
Or
y:A(lobX) leadsto Igy =g A+ bx M1 | comparing their answer to (i) with
c Hisf th the on i Igy=IlgA+bx may beimplied by
ompare this form with their equation from (i) one correct term from correct work
I[gA=0.42 so A=2.63 Al
b=-0.2 Al | Alforeach
6(i) yeR oe B1 | Must have correct notation i.e. no
use of x
6(ii) y>3 oe B1 | Must have correct notation i.e. no
use of x
6(iii) ffl(x)zex or g(4)=35 B1 | First B1 may beimplied by correct
answer or by use of 35
fg(4)=€® B1
6(iv) y—3_x2 or X-3 5 M1 | valid attempt to obtain the inverse
2 2 Y
o X—3 Al correct form, must be g™*(x) = or
g (X)=y—— _
2 y=
Domain x>3 B1 | Must have correct notation
0 p(%): g+ 2+g+5=0 M1 substitution of x:% and equating

to zero (alow unsimplified)

p(-2): —8a+32-2b+5=-25

M1 | substitution of x=—-2 and equating
to —25 (allow unsimplified)

leading to a+4b+56=0 M1 | M1dep for solution of
4a+b-31=0 oe simultaneous equations to obtain a
and b
a=12, b=-17 A2 | Alfor each
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7(ii) 12x% +8x2 -17x=0 B1 | for x=0
x=0
Bl
S TR LI
3 6
8 A
5 \%
4
C B
8(i) ZABC =67.4° B1
4 5 M1 | attempt at the sine rule, using 4 and
SnBAC _ Sn67.4° 5 (or e.g. use of cosinerule
followed by sinerule on triangle
shown)
/BAC = 47.6° Al | may beimplied by later work
Angle required = 180° — 47.6° — 67.4° = 65° Al | Answer Given
8(ii) M1 | attempt at the cosine rule or sine

V2=524 42 —(2><5><4><COS65°)

ruleto obtain V —allow if seenin

(0
V=491 Al
4 V
or — S
sinBAC sin65
Distance to travel: M1 | distanceto travel —allow if seenin
120 ()
sin67.4°
130 or /1202 + 50° Al
Time taken: 130 M1 | M1dep for correct method to find
Ime taxen. 491 the time, must have both of the
previous M marks
26.5 Al
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Alternative method
M1 | correct attempt at AC
120
C= oe
c0s25
=1324 Al | Allow 132
Speed for thisdistance =5 M1A1l | M1dep Al for speed, it must be 5
exactly for A1, must have first M
mark
Time taken = 132.4 M1 | M1dep for acorrect method to find
Ime taxen = the time, must have both of the
previous M marks
=26.5 Al
9(a) B3 | B1 for linejoining (0,5) and
(10,5)
B1for alinejoining (10,0.5) and
(30,0.5)
B1 all correct with no solid line
joining (10,5) to (10,0.5)
9(b)(i) 3 Bl
9(b)(ii) dv 1565 4 3 M1 | attempt to differentiate, must bein
dt 2 theform ae™ +b
dv 5t M1 | M1dep for equating to zero and
When ot 0, e”=01 attempt to solve, must be of the
form ae™ =b, b>0 to obtain an
equation in the form -5t =k where
kisalogarithmor <0
t=0.461 Al
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9(b)(iii) | Either
attempt to integrate, must be in the form ce™ + dit? M1
Al
s=—Se . 3¢ (+c)
5 4
3 M1 | M1dep for attempt to find c and
Whent=0,s=0 soc=_ substitute t =0.5
s=0.738 Al
Or
attempt to integrate, must be in the form ce™ + dt? M1
05 Al
[_:_aea n Etz}
5 4 |
correct use of limits M1 | Mldep
leadingto s=0.738 Al
10(i) 5/BAC=6.2, ZBAC=124 Bl
10(ii) sin0.62=B—5D BD=2905, 2.91 B1 | valid method to find BD
Arc BEC: ntx BD (: 9_13) M1 | attempt to find arc length BFC,
using their BD
Perimeter: 9.13+6.2=15.3 Al
10(iii) Area B3 | B1 for area of semi circle (= 13.3)
1 ) B1 for area of sector (= 15.5)
Plakide 291 |- B1 for area of triangle (= 11.8)
(lx 5° ><1.24j —(lx 5% x Sin1.24j
2 2
9.58< Area < 9.62 B1 | final answer
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11(a) oy 2 M1 | dealing correctly with cot and an
tan(¢+35 )=§ attempt at solution of

tan(¢ +35) = ¢, order must be
correct, to obtain avalue for ¢ + 35

$+35° =218, 201.8°, 381.8°

M1 | M1dep for an attempt at a second

solution in the range, (180° + their
first solution in the range o€)

$=166.8°, 346.8°

A2 | Alfor each

11(b)(i)

Either

1

cosd
cos&+sin9
sing cosé

M1 | expressing all termsin terms of
sinéd and cosfd where necessary

1 ( sin@cosé j
cosd\ cos® @ +sin® 6

M1 | dealing with the fractions correctly
sin?@ +cos? 0 i
sindcosé

denominator or asin left hand
column

to get

A1l | use of identity, together with a
complete and correct solution,
withhold A1 for incorrect use of

brackets
Or
secd M1 | dealing with fractionsin the
1 denominator correctly to get
——+tand 1+tan? 6
tand ———=~ in the denominator,
_ secd tané
T 1+tanZe allow tanéd taken to the numerator
tand
_ secOtand M1 | use of the identity to get sec? 6
sec? 0
_tangd _sind 0 =sng Al | expressing al termsin terms of
T el cosp K CesY =8N sin@ and cosé and simplification

to the given answer, withhold A1
for incorrect use of brackets
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11(b)(ii) ) J3 M1 | correct attempt to solve for @,
Sin3f = -—— order must be correct, may be
implied by one correct solution
30__27r m 4 A3 | Alfor each
3’ 33
0 _ﬁ, _E’ 4n
9 9 9
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
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isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1 Using tan®@+1=sec? @ to obtain M1 | useof correct identity
y=2(tan*0 +1) or (x+ 5)2 =sec’0-1
x+5)° +1=X
(x+5) +1-2
y=2((x+5)?+1) oe Al
2 Y 106743 M1
dx
an attempt at integration in form ae™+ bx
10 5, Al | condone omission of ¢
y=—¢€"+3x (+c)
5
attempt tofind cusing x=0,y=9 M1 | M1ldep
y=2e™+3x+7 Al
3 9« 4k(k - 4) M1 | use of the discriminant with correct values
4k* -16k -9
(2k-9)(2k +1) M1 | M1dep for solution of their quadratic to
obtain critical values
Critical values % 1 Al
k<—l,k>g Al
2 2
4 a=3 Bl
b=8 B1
M1 - :
—=3cos(8x£]+c substitution of x=% and y=g tofindc
c=4 Al
5(i 2 B2 2
) —(7x-10)s B1for k(7x—10)s
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5(ii) 5 22 og M1 | correct application of limits for
— (7X—10)5 =— 2
14 s 14 k(7x-10)s
2 2
> (7a-10)5 -2 (7x6-10)5 = 2>
14 14 14
2
(7a-10)5 -4=5
5 M1 2
92 110 M 1dep for evaluation of (7x6-10)s and
a= . .
7 correct order of operationsto find a,
including dealing with power.
a=23 o 363 Al
7
6(i) Gradient = 24-09 (=—25) B1
0.2-0.8
Iny— 5, M1 | straight line form and correct substitutions
y=-5x+¢ tofind
Iny=—§x2+2.9 oe Al
2
Alternative method
24=p(0.2)+q Bl
0.9=p(0.8)+q
Correct method of solution to find p and g from M1 | M1dep
two correct equations
Iny=—§x2+2.9 Al
2
6(ii) (_§X2+2_9] M1 | dealing with In
y=e ’
5 M1 | M1dep for dealing with the index
y —e 2" eZ.9
5 Al
y=18.2z 2
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7(i) 64— 48%° +15x* B3 | B1 for each correct termin final line of
response
7(ii Bl
) (64—48x2 +15x4)(i2+2+ xzj Bilfor iz+ 2+ %% oe
X X
at least two correctly obtained products leading M1
to termsin X2
Termin X2 : 64+15—-96 Al | FT for correct evaluation of
their 64 + (2 x their—48) + their 15
=-17 Al
8(i) attempt to differentiate a product M1
2 5 A2 2
%:((x—4)x2x3(3x—1)3J+(3x—1)3 Alfor (+)((x—4)x:—2x3(3x—1)3j
X
5
Alfor (+)(3x-1)3
2 M1 5 2
=(3x-1)3((5x—20) +(3x-1)) useof (3x—1)3 =(3x-1)3(3x-1)
2 Al
=(3x—1)3(8x-21)
When X=3,ﬂ=83><3 (3x3-1)° xk or (9-1)* xk or 4xk
dx (where k is any number)
2 M1 . 2
Oy =8%x3xh M1dep for their ((9—1) xk)xh
oy=12h Al
9(a)(i) 720 Bl
9(a)(ii) 240 Bl
9(a)(iii) kx4l x2 or 240—kx 4! x2 or correct Bl
equivaents with no extraterms added or
subtracted
4x 4l x p or correct equivalents with no extra Bl
terms added or subtracted
192 Bl
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9(b)(i) 6435 Bl
9(b)(ii) | withtwins: **C, or 1716 B2 | B1 for **C,or 1716 or **C, or 1287

Without twins: **C, or 1287

B1 for (**Cgand "°C,) or (1716 and 1287)
with no multiples and no extraterms

Total: 1716 + 1287 = 3003

B1 | 3003 from a correct method

10(a) matrix multiplication, must have at least 2 M1
correct elements
g 13 8 Al
“|2a-50 3a+4b
2a-50=18 M1 | formation and solution of simultaneous
3a+4b=4 equations
leadingto a=4, b=-2 Al
Alternate scheme
13 8 M1 | Correct plan
AB =
18 4
13 8
ABB™ = B
18 4
Correct inverse Bl
4 — 1(13 8\ 4 -3 M1 | Correct order and method of
A = a b =§ 18 4alls 2 multiplication with at least two correct
elements
leadingto a=4, b=-2 Al
1 .
0)() | 1(1 5 o B2 | bior L
17{4 3 17
15
B1 for
4 3
10(b)(ii) M1 | pre-multiplication with two elements

L. _1(1 512
1714 3)l4 0

correct

1(19 2
=—— oe
1718 8

A2 A1 for four correct of —%, 19,2,8,8
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11(i) 1.48 Bl
11(ii) 1)(102 <0 =218 M1 | correct use of sector area
2
0 =0.436 Al
11(iii - - Bl | 2.18(4 implified
(iii) /BOC = 2n 1.4523 0.436 (= 2.18(4)) (4) or unsimplifi
(1 M2 | M1 for acomplete correct method to find
BC =20sin| Z./BOC | or BC using their angle BOC
BC =10><si—nBOC or M1 for acorrect plan using 14.8, their BC
gn(ﬂ—BOCj and 10 x their answer to (ii)
2
BC = /(200 - 200cosBOC
BC =17.7(5)
Perimeter = 14.8+(2x17.7(5)) + 4.36 Al | awrt 54.7 or awrt 54.6
=54.7 or 54.6
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11(iv) Area= B2 1,5
B1 for E><10 x1.48 |+ 21.8

1 . 1. 5.
(Exlo ><1.48j+21.8+ 2(Ex10 S|n2.18(4)J B1 for 2@)(102%2_18(4))

=178 B1 | awrt 178 from correct working

Alternative method 1

B1
Segment area=%(102 (218-sin2.18)) B1for 2x %(102 (2.18(4) -sin2.18(4))
Arearequired = Bl

1007 — 2% %(102 (2.18(4) ~sin2.18(4)))
=178 B1 | awrt 178 from correct working

Alternative method 2

B1 | correct area of trapezium ABCD (allow

. 1
Area of trapezium = E((13.5+ 4.33)(17.1)) unsimplified)

B1 | correct area of both segments (allow

_ 1o -
Area of segments = 5(10 (1.48—sm1.48)) + unsimplified)

%(102 (0.436-sin0.436))

=178 B1 | awrt 178 from correct working
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12(i) 2x? +5x—12=0 or y?+3y-28=0 M1 | attempt to get in terms of one variable
(2x—3)(x+4)=0 or (y+7)(y—4):0 M1 | M1dep for solution of athree term
quadratic
leadingto x=-4, y=-7 and x=g,y=4 A2 | Al for each pair
3_4 _ A1l | correctly obtained midpoint
Midpoint M Z_M - _§,_§
2 2 4 2
Gradient of PQ = 2 B1 | may beimplied
Perp gradient = 1 M1 : __1
2 their gradient of PQ
) . 1 5 M1 | M1dep for equation of perp bisector using
Perp bisector: Yy+3=751%"2 their perp gradient and their midpoint.
(unsimplified)
1 10 17 23 A1l | al correct so far and for verification using
y=-5(-10)-2 =+ a correct equation
or §=—%x—£—> x=-10
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12(ii) 1 (17 5 M1 | finding R, Sand RS
Area= = x| —+1|x—
2 | 8 4
correct method for finding area M1 | M1dep
= % or19or 1% Al
Alternative method 1
1 125 125 M1 | finding R, S RM and MS
Area= —x——x——
2 4 8
correct method for finding area M1 | M1dep
= % or195o0r 1% Al
Alternative method 2
M1 | finding R and Sto obtain
0 0 220 0 0 220
A= their
21 55 5 1 211 55 5 1
1l 5 85 M1 | M1dep for correct method of evaluation
= —|-——-—| oe
2| 4 32
_ 125 Al

T or 1.95 or 1%
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The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark

M  Method marks, awarded for a valid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy marks
to be given, the associated Method mark must be earned or implied.

B Mark for acorrect result or statement independent of Method marks.

When a part of aquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
is used to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Specia Case

SOi seen or implied
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1 X2 —6x—7(>0) Bl
(x=7)(x+1)(>0) M1
Critical values 7 and -1 Al
X>7orx<-1 Al
2 (1+sin9)—(1—sin0) M1 | Dealing with fractions
(1-sing)(1+sing)
_2sind A1l | Simplification
(1-sin’6)
_2sing M1 | Useof identity (seen anywhere)
cos’0
= 2tanfdsecd M1 ]
Use of tanﬁzs—ne and set:H:i (seen
cosé cosé
anywhere)
3 2=1o0g; 25 Bl
logs 25+ logs (x— 7) = logs 25(x - 7) M1
10x+5=25(x~-7)
180 =15x M1 | Equate, clear brackets and collect terms.
12=x Al
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4 x—2(4—\@x)=5\@ M1 | Eliminatey
5J3+8 Al
X=
23+1
(5\/§+8)(2\/§—1) M1 Multiply by (a b+c) as appropriate
X=
(2v3+1)(243-1)
X=2++/3 Al
y=1-23 Al
Alternative method
@(5\@+2y)+y=4 M1 | Eliminate x
y= -11 Al
(2\/§+1)
—11(2\/5—1) M1 | Multiply by (a b+c) as appropriate
y:
(2v3+1)(243-1)
y=1-23 Al
X=2++/3 Al
5(i M1 -2
(i) g( 5 j:_5(3X+2)2X3 ~5(3x+2)
dx\ 3x+2
Al | x3
5(ii) 30 4 -10 M1 1
X =
J (3x+2°  [(3x+2) (3x+2)
Al | x-10
5(iii) I: 10 :IZ__E 10 M1 | Insert limits and subtract
(3x+2) X 8 5
3 Al
4
6(i) 20+3p=13 B1
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6(ii) Multiply matrices correctly M1
2p+ pg=12 Al
6(iii) 4p+ p(13_3p):24 M1 | Eliminate q
3p?-17p+24=0 Al
(3p-8)(p-3)=0 M1 | Solve
p=39=2 Al
7 B2 2
%:3)(2 —iz(+C) B1 for 3x1
X X Blfor —— .
X
Bl
x=1, 7 =1-C=-1
dx
3 1 B2 | B1 for two correct termsin x
y=X"+—-x+D
X
x=1 y=3->D=2
Bl
y=x3 Lo
X
8 22=a2+3(a+3)2+2a(a+3)\/§ M1
=79+by3
a? +3(a+3)° =79 and 2a(a+3)=b AL FT _

Equate correctly to obtain both egns
a’+3a°+18a+27=79 M1 | Expand and simplify to obtain 3 term quadratic
4a® +18a-52=0
(a—2)(4a+26)=0 M1
a=2, b=20 A2 | Alfor each

92i) 1+ 4x+6x% + 4 + x* Bl
9(ii) 1296 — 864X + 216X* — 24x° + x* B2 | Minus 1 each error.
(iii) 1295 - 868x + 210x> — 28x° =175 M1 | Subtract and equate to 1
28x° — 210x? + 868x—1120=0 Al
Need a home tutor? Visit smiletutor.sg
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V) | 28(2)*-210(2)” +868(2) 1120 M1 | Inserts x =2
=224—-840+1736-1120=0 Al
(x—2) isafactor
(X—2)(28X2—154X+560) M1A1l | M1 for 28 and 560 seen oe
Alfor-154
b? — 4ac < 0 shown B1
10(7) ra=(2i+4)+t(i+]) B1
10(ii) rg =(10i +14j)+t(-2i - 3j) Bl
10(iii) rg — I, = (8 +10j) + t(-3i — 4j) M1
X2 =(8-3t)" +(10-4t)* M1A1
10(iv) Differentiate M1
dx 2 Al
o 2(8-3t)(-3)+2(10-4t)(-4)
oe
dx? B2 | B1for valueof t
q 0 —~t=25% B1for valueof X .
- X =04
11(i) X% - 2x+ (kx+3)* =8 M1 | Eliminate y
(1+k2)x2+(6k—2)x+1:0 Al
b® - 4ac=0— (6k - 2)° - 4(1+k*) =0 M1
Ko 3 A1l | Answer given
4
11(ii) b -25 M1
X=——>>X=—"—
2a 2x1.5625
=-08 Al
y=0.75x-0.8+3=24 Al | FT
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11(iii - - M1
(i) Eqgn of PQ y-24 _ 4
x+0.8 3
— 3y=4-4x Al
12(i) d(cosx)_l _ M1 1
= X SINX
dx COS’X cos’X
Al | xsinx
12(ii ] B1 2
(if) yzseczx+4sr;x sec’x
d COS“X
Bl | 4sinx
cos?x
12(iii) 1 4 smx_ M1 | Equate their (i) to 4 and multiply by cos?x
COS’X COSX  COSX
—5 1+ 4sinx = 4cos*x M1 | Useof identity and simplify
4sin®x + 4sinx—3=0 Al
(2sinx—1)(2sinx+3)=0 M1 | Solve
. on A2 | Alforeach
6 6
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The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for avalid method applied to the problem.
A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy

marks to be given, the associated Method mark must be earned or implied.
B Mark for a correct result or statement independent of Method marks.
When a part of aquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
is used to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Specia Case

SOi seen or implied
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1 2=7+4/3 B1| Accept 4+3+44/3
a(7+4\@)+b(2+«/§) =1++/3 M1 | Equate both /3 terms and constant
termsto obtain two equationsin a
and b.
7a+2b=1 A1l | Both correct. Accept equation with
4a+b=1 amultiple of +/3
Attempt to solve a pair of linear simultaneous M1 | M1dep
egnsto a= or b=
a=landb=-3 Al
2 x5 4 px 05 = x(x°'5 + 5x‘°'5) M1 | Attempt to multiply by x°°+5x°°
or x%° or divideby x°°
2555 4 Bx 0% = x5 4+ 5x°5 or Al | Simplified numerical powers
x"° —5x%° +6x%° =0
6
2%% + 6 X+
or =X or =X
X+5 14>
X
x? —5x+6=0 M1 | Mldep
obtain athree term quadratic.
Allow errorsin signs and
coefficients but not powers
(x-3)(x-2)=0 M1 | Solve athreeterm quadratic
x=3or 2 only Al
3 Correctly obtain avalue of x=2 B1 | Inequality not required

Correctly obtain avalue of x= —%

B1 | Inequality not required

x> 2 and x<—%

B1 | Bldep
mark final answer(s). Allow

2<x<—1
2
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4 X+4=y? B1
7y—-x=16 B1| alow 2*for16
7y-16+4=y*
y2_7y+12_,(y_3)(y_4)(:0) M1 | Attempt to eliminate x ory to

or X2 ~17x+60— (x-5)(x—12)(=0) obtain athree term quadratic.

Solve athree term quadratic M1 | M1dep

—>y=3 x=50r y=4 x=12 A1l | Allow for values seen even if
correct pairs not clear.

5(1) °c, =210 B1
5(ii) 2 Mystery 2 others = °C, x °C, =100 B3 | B1 for one combination,
s 5 unsimplifiied
3Mystery 1 other = "C, >, =50 B1 for second combination,
4 Mystery = °C, =5 unsimplifiied
Total 155 B1 for third combination,

unsimplifiied and total

Alternative Method

All -0 Mystery — 1 Mystery B1 | All minusO or 1 or both
=210-°C, - °C, x °C, Bl | Bldep 1Mystery and O mystery
unsimplified
=210-5-5x10=155 B1 | Bldep final answer
5(iii) 2M1CIR = °C, x °C, x °C, = 60 B3 | B1 for one combination,
5 3~ 2 unsimplifiied
IM2CIR = °Cy x "C, x °C, =30 B1 for second combination,
s a2 T
="C,x C;x °C, unsimplifiied
IMIC2R _15 B1 for third combination,
Total 105 unsimplifiied and total
6(i B1 | Ignore units Condone r for
O | eh=500-h=% J X
X
6(ii) A= 212 + 2nxh M1 | Correct expression for A and insert
for their h.

1000 Al | Answer given

L, 500 .
=2nX" +2nXx—, = 2nX" + Condone r for .

19,4 X
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6(iii) Differentiate: at |east one power reduced by 1 M1
dA 1000 Al
——=4rX——;
dx X
Al
dA_ 0> x=3 1000 isw or(x=4.3(0))
dx 4
Al | awrt 349
A=27(43) + 229 _349cm?
4.3
d?A 2000 . B1 | Correct second differential (need
o Ar + 3 (>0) orapostivevaue not be evaluated) and conclusion.
_ or
(= min) Examine correct gradient either
sideof x=4.3 and conclusion
7(i) _ dy, 3x-1 B1 | Gradient = Negative reciprocal.
(Gradient or=, ) ==7 Can be implied.
1 B1 | + One correct term
=3x2-x?
3 1 M1 | at least 1 fractional power increased
y=2x2-2x?(+C) by1.
-10=2-2+C—>C=-10 A1l | oneterm correct with simplified
coefficients
3 1 A1l | For C from correct working.
y=2x%2-2x2-10
7(ii) Xx=4—>y=16-4-10=2 B1
Bl
- 7 = 1 =55
dx 2
Eqgn with their grad and point (4, ...) M1
L y-2 B ~ Al | Must beintheform y=mx+c but
Eqgn of tangent: i 55— y=55x-20 oe accept 2y =11x— 40
8(i) 4 2 Bl
2A=
o o
_ 6 -2 B2 6 -2
(2a)*=1 B1 for
8\-8 4 -8 4
Bl forl
8
Need a home tutor? Visit smiletutor.sg
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Question Answer Marks Partial Marks

8(ii) 4x+2y=-5 Bl
8x+6y=-9

_ -5 _ M1 | Allow recovery
Pre multiply 9 by a 2x 2 matrix.

6 -2)\-5 M1 -5
X1=1 Pre multiply their by their
y, 8(-8 4)|-9 -9
answer to (i)
X\ 1(-12 -15 A2 | Alfor x value
y “8l 4)7| os Alfor y vaueoe
Allow both unsimplified
9(i) d 1 . M1A1 | Product rule. One correct term +
&(xlnx)=x><;+lnx S another term. Allow unsimplified.
9(ii) [1+Inxdx = xInx M1 | Correct use of (i) and must be
dealing with 2 terms. soi
[Inxdx = xInx — X + (C) A1l | Correct answer with no working is
fine.

9(iii) M1 | Insert limits and subtract correctly

2k
J, I =[2Kn2k - 2K] - [kink — k] using their result from (if) which
=k(2In2k —Ink —1) must contain an In function

=k(|n(2k)2—|nk—1) M1 | Uses nina=Ina" somewhere oe

2 M1
=k(|n(%}—l} Uses Ina—Inbzln[%) or

Ina+Inb=Inab somewhere

=k(In4k-1) A1l | Answer given
Correct completion.
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10(i) c=1-> 6(1)3—7(1)2 +1=0—>(c—1) isa B1 | Or correct division. Finding or
using one correct factor.
factor.
Attempt to factorise or use long division to M1
obtain 6¢%...+1 or 6¢ +c... respectively
(c-1)(6¢” ~c-1)=0 Al
(c-1)(2c-1)(3c+1)=0 Al
1 1 Al | FT
c=1, 2’ 3 From three different linear factors
10(ii B2 | B1f ht
(i Y _ soc?x+ Boos orexcntem
dx
10(iii Bl | B1d
(i) >—+6c0sXx=7 ®
Cos X Replaces sec’x by —
COS“X
— 6C0S°X — 7€0s*X +1=0 B1 | Bldep
Answer given so al steps must be
correct.
10(iv) 1 1 A2 | Alfor 2 values awrt
cosx=1, > 73 A1 for third value and no othersin
. range. No credit for answersin
—Xx=0, 1.05(or Ej ,1.91 degrees
11(i) y=0-(x-4)(x+1)=0 M1 | Solve
— Ais(4,0) nfww A1l | Indication somewhere that
x=4wheny=0
11(”) 4+3X_X2:rnx_|_8 Ml E||m|nate y
x> +(m-3)x+4=0
b? - 4ac(=0) - (m-3)° =16 M1|Mildep
Use of discriminant
m=-1 A1l | Do not award if
m=7is not discarded
11(ii1) | Obtain quadratic x*+(m—-3)x+4=0 using M1 | Working must be seen for any

their m and attempt to solve.

marks to be awarded.
Must not be awarded if mis not
obtained correctly

Point B (2, 6)

Al
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1MV) | Areaunder curve = I:(4+ 3x— xz)dx M1
Integrate powersincreased in at least 2 terms
r 4 Al
_lax+ 3y —Exﬂ
2 3 1,
i 64 8 M1 | M1dep
= 16+24_§}_[8+6_§} Insert limits of their 2 and 4 and
‘1 subtract in correct order. May be
=73 implied by 18%—...
M1 | Areaof triangle usin
Intercept is (8,0) so areaof triangle = 6x6 =18 g. g
2 . (their8—xg)
their B= —— = x vy,
2
or
Attempt to find other suitable areas
to result in a complete method.
1 2 A1l | Accept 10.7. Must not be awarded

Shaded area =18—-7—-=10—
3 3

if point B is not obtained correctly.
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M  Method marks, awarded for a valid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy marks
to be given, the associated Method mark must be earned or implied.

B Mark for acorrect result or statement independent of Method marks.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

Soi seen or implied
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1(a) i B2 | B1for each
1(b) n(P’) =18 B1
n(QUR)NP) =11 Bl
n(Q uP) =29 Bl
2 3X-1=5+X X=3 Bl
3XxX-1=-5-x oe M1 | M1 not earned if incorrect
equation(s) present
x=-1 Al
3 p(\/§+1)+(\/§—l) M1 | on LI—_|Sta!<ecommon denomingtor
=q+3/3 or rationalise each term or multiply
(\/5 - 1) (\/é + 1) throughout
J3+1)+(/3-1)=2q+6V3 oe A1l | correct eqgn with no surdsin
p( ) ( ) a denominators of LHS
eguate surd/non surd parts M1 | equate and solve for p or g (#0)
p=5andg=2 Al
4 logz3=1o0rlog,9=2 B1 | implied by one correct equation
X+1=3y Bl
X-y=9 Bl
solve correct equations for x or y M1
x=14 and y=5 Al
50) | OX=4(150+3a) Bl
5(ii) AB=b-aor BA=a—b B1
OX =a+u(b-a) B1
5(@iii) | 15A=pu or 3A=1-u M1| OX =0OX and equatefor aor b
ﬂ:é /1:3 A2 | Alfor each
3 9
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5(iv B1
(iv) &21 Accept 1:2but not 1:1
xXB 2 2
5(v Bl
v) %ZE Accept 2: 7 but not g:1
XD 7 7
6(i) f2=f(f) used M1 | numerical or algebraic
agebraic ([(x +2)°+ 1] +2)°+1
17 Al
6(ii) (e y—2 M1 | changexandy
S 2y-1
2xy—x=y-2-y(2x-1)=x-2 M1 | M1dep
multiply, collect y terms, factorise
X—2 A1l | correct completion
= = X
y=o.—7 [=9(]
6(ii) [(x+2)"+1]-2 Bl
of (x)= 5 oe
2| (x+2)"+1]-1
2 M1
(x+2)°-1 _ 8 their of = % and simplify to

2(x+ 2)2+1_E

quadratic equation
3(x+2)*=27 oe 3¢+12x-15=0
solve quadratic M1 | M1ldep
Must be of equivalent form
x=1 x=-5 Al
7(i _
() v=0—>c052t=£ M1 | set v=0 and solve for coszt
3
—>t=0.615 or 0.616 Al
7(ii _ M1A1 | M1for sin2t and +t
(i) s=gsm2t—t (+c) o
Al
t=25  s=15-Z  (=0715)
4 4
7(iii) a=-6sn2t M1A1 | M1for —sin2t
t=0.615 — a=-5.66 or -5.65 or —2+/8 A1l | condone substitution of degrees
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8(i) M1
CoSa =— 0e
o =70.5° Al
8(ii) speed = /32 _12 M1 | Pythagoras/trig ratio/cosine rule
J8 or 242 or 283ms? Al
s
(iii) fime = 50 M1
their/8
Al
252 or 17.7s
2
8(iv) | their8(iii) seen B1
BC =102 or14.1mor 14.2m B1
i Bl | seen
0 i(Inx) 1 and
dx X
9y oax or S oo gy
dx dx
Substitution of their derivativesinto quotient rule M1
Cx 1 3Inx Al | correct completion
i('”_xj_x— oe
dx\ X3 x°
o(ii M1
(i %=0—>1—3Inx=0 Inx:} equategivenﬂ to zero and solve
dx 3 dx
for Inx or x
1 Al | seen
x=e3
1 Al | seen
Y %
(iii - M1 | usegiven statement in (i
(iii) In_ij'l X o g 0)
X3 x*
dx -1 B1 | seen anywhere
x* 33
A2 | Alfor eachterm
M= L I™ o) oe
X 9x> 3
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10(a) sin?x+(1+ cosx)2 B1 | correct addition of fractions
LHS =
sinx(1+ cosx)
_ 1+2cosx+1 B1 | expansion and use of identity
~ sinx(1+ cosx)
2(1+ cosx) B1 | factorisation and completion
=—————— = 200SeCcx
sinx(1+ cosx)
10(b)()) | cosec?y -1+ cosecy—5=0 M1 | use of identity for cot® to obtain
cosec?y + cosecy —6 = 0 quadratic in cosecy
(cosecy — 2)(cosecy +3) =0 M1 | solve 3 term quadratic for cosecy
. 1 . 1 M1 | obtain valuesfor siny
siny==, siny=—=
2 3
y =30°, 150°, 199.5°, 340.5° A2 | Alfor 2 values
0O | 5, 2 57 o 1T (2636 M2 | M1 equate to 22
4 6 6 6
M1 equateto %
Z=7_7z' or 1z (0.916, 1.44) A2 | Alfor 1vaue
24 24
11(i) Other root =4 Bl
f(x) =(x—3)(x—3)(x—4) M1 | multiply out (x—3)(x—3)(x £ p)
= x> -10x* +33x— 36
=-10 b=33 A2 | Alfor each
Can beimplied by correct cubic
11(ii) X=6, x=6, x=1 B4 | B1 for each of first two sets
x=1 x=1 x=36
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ = 0,
= —b+Vb*— 4ac
2a ’
Binomial Theorem
(a+b)"=a"+ 2 avlb+ 2am2b2+ ot ? ar b+ ..

where n isa positive integer and (?) = (n=nirt —ni)lrl :

2. TRIGONOMETRY
Identities
SN A+cosA=1
sec?A=1+tan?A

cosec? A=1+ cot? A

Formulae for AABC

a _ b ¢
sinA ™~ snB " sinC

a?=b?+c?2-2bccosA

A=%bcsinA
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1 Expressin set notation the shaded regions shown in the Venn diagrams below.

(i)

€
A B
........................................ [1]
(i)
€
A B
C
........................................ [1]
(iii)
€
A B
........................................ [1]
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2 Thepolynomia p(X)is ax®+bx?—13x+4, whereaandb areintegers. Giventhat 2x—1 isa
factor of p(x) and also afactor of p’(x),

(i) find the value of a and of b. [9]

Using your values of a and b,

(i)  find the remainder when p(x) isdivided by x+ 1. [2]
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3 (a) Giventhat T = 2xl %g‘%, express| intermsof T, g and =. [2]

(b) By using the substitution y = x%, or otherwise, solve Xi— 4z +3=0. [4]
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4 When Igy is plotted against x? a straight line is obtained which passes through the points (4, 3) and
12, 7).

(i) Findthe gradient of the line. [1]

(i) Useyour answer to part (i) to express gy in terms of x. [2]

(iii) Hence expressy in terms of x, giving your answer in the form y = A(10°) where A and b are
constants. [3]
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yn
y = 4 + 166
“B
~ :
A !
0 1 Y

The diagram shows part of the graph of y = 4e® + 16e”>* meeting the y-axis at the point A and the
linex = 1 at the point B.

(i) Find the coordinates of A. [1]
(i) Find the y-coordinate of B. [1]
(i) Find [(4e>+ 166 >)clx. 2]

(iv) Hencefind the area of the shaded region enclosed by the curve and the line AB. You must show all
your working. [4]
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6 (a) Functionsf and g are such that, for xR,
f(x) = x*+ 3,
g(x) =4x— 1.

(i) Statetherangeof f. [1]

(i) Solvefg(x) = 4. [3]
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2X+1

(b) A function hissuch that h(x) = — 4 for XxeR, x # 4.
(i) Find h™'(x) and state its range. [4]
(i) Find h?(x), giving your answer in its simplest form. [3]
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. . 2X+1
7 i) Write In
() o

as the difference of two logarithms. [1]

A curve hasequation y = In[gxti +4x for x > %
.. . . dy _ ax? + b .
(i)  Using your answer to part (i) show that X ai_1 where a and b are integers. [4]
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(iii) Hence find the x-coordinate of the stationary point on the curve. [2]

(iv) Determine the nature of this stationary point. [2]
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8 (@) 10 peopleareto be chosen, to receive concert tickets, from agroup of 8 men and 6 women.

(i) Find the number of different ways the 10 people can be chosen if 6 of them are men and 4 of
them are women. [2]

The group of 8 men and 6 women contains a man and his wife.

(i)  Find the number of different ways the 10 people can be chosen if both the man and his wife
are chosen or neither of them is chosen. [3]
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(b) Freddie has forgotten the 6-digit code that he uses to lock his briefcase. He knows that he did not
repeat any digit and that he did not start his code with a zero.

(i) Find the number of different 6-digit numbers he could have chosen. [1]

Freddie also remembers that his 6-digit codeis divisible by 5.

(i)  Find the number of different 6-digit numbers he could have chosen. [3]

Freddie decides to choose a new 6-digit code for his briefcase once he has opened it. He plans to
have the 6-digit number divisible by 2 and greater than 600000, again with no repetitions of digits.

(iif)  Find the number of different 6-digit numbers he can choose. [3]
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P
Q
The diagram shows a circle, centre A, radius 10cm, intersecting a circle, centre B, radius 24cm. The
two circlesintersect at the points P and Q. Theradii AP and AQ are tangents to the circle with centre B.
Theradii BP and BQ are tangents to the circle with centre A.
(i) Show that angle PAQ is 2.35 radians, correct to 3 significant figures. [2]
(i) Find angle PBQ in radians. [1]
(iii)  Find the perimeter of the shaded region. [3]

Need a home tutor? Visit smiletutor.sg
© UCLES 2017 0606/11/0/N/17



15

(iv) Find the area of the shaded region. [4]

Question 10 is printed on the next page.
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10 (a) Solve 3cosec2x—4sin2x=0 for 0°<x< 180°. [4]

“l=v3 foro< y < 2r radians, giving your answersin terms of x. [4]

(b) Solve 3tan y—z
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Quadratic Equation

For the equation ax? + bx + ¢ = 0,

Binomial Theorem

(a+tb"=a"+

where nis apositive integer and (

| dentities

Formulae for AABC

© UCLES 2017

2

Mathematical Formulae

1. ALGEBRA
= —b+Vb?— 4dac
2a '
2am1b+ 2am2b2+...+ ?aber+... +b",

n!

“h—nit’

2. TRIGONOMETRY

SiNPA+cos?A=1
sec? A=1+tan?A

cosec2 A=1+ cotZ A

a b c
snA "~ snB " snC

a?=b?+c?2—-2bccosA

A:%bcsinA
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1 (i) OntheVenn diagram below, draw sets X and Y such that n(XnY) = 0.

€

(1]

(i) Onthe Venn diagram below, draw sets A, B and C such that C C (AU B)'.

€

(2]
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2 Thegraph of y=asin(bx)+c hasan amplitude of 4, a period of % and passes through the point

{% 2]. Find the value of each of the constants a, b and c. [4]
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2\5
3 (i) Find, inascending powers of x, thefirst 3 termsin the expansion of [2 - XZ] . [3]
V(1 3Y
(i) Hence find the term independent of x in the expansion of [2 - Z} [; - P] . [3]
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2
4 Giventhat y= % , find the value of % when x = 2, giving your answer as a+ bin14, where
X
aand b arefractionsin their smplest form. (6]
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5 When Igy is plotted against x, a straight line is obtained which passes through the points (0.6, 0.3) and
(1.1,0.2).

(i) Findlgy intermsof x. [4]

(i) Findy in terms of x, giving your answer in the form y = A(10™), where A and b are constants.

[3]
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6 Functionsf and g are defined, for x > 0, by

f(X) = Inx,
g(x) = 2¢*+ 3.
(i) Writedown the range of f. [1]
(i)  Write down the range of g. [1]
(iii) Find the exact value of f "*g(4). [2]
(iv) Find g *(x) and state its domain. [3]
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7 A polynomial p(x)is ax®+8x*+bx+5, whereaand b areintegers. It isgiventhat 2x—1 isa
factor of p(x) and that aremainder of —25 is obtained when p(x) isdivided by x + 2.

(i) Findthevalue of aand of b. [9]

(i) Using your values of a and b, find the exact solutions of p(x) = 5. [2]
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8
A
|
I
I
4mst i 120m
:
!
B
<-50m—~

The diagram shows ariver which is 120m wide and is flowing at 4ms™. Points A and B are on opposite
sides of theriver such that B is 50m downstream from A. A man needs to cross the river from Ato Bin
aboat which can travel at 5ms in still water.

(i) Show that the man must point his boat upstream at an angle of approximately 65° to the bank.
[4]
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(i)  Find the time the man takes to cross the river from A to B. [6]
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xmA

60

T/
o/
/

0 10 20 30

>
ts

The diagram shows the displacement-time graph of a particle P which moves in a straight line
such that, ts after leaving afixed point O, its displacement from O isxm. On the axes below, draw
the velocity-time graph of P.

velocity
mst
6

A

(3]
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(b) A particle Q movesin astraight line such that its velocity, v ms™, ts after passing through a fixed
3t

point O, isgiven by v =3¢ + . fort>0.

(i) Findthevelocity of Qwhen t=0. [1]
(i) Find the value of t when the acceleration of Q is zero. [3]
(ilf) Find the distance of Q from O when t = 0.5. [4]
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10

A 5cm C

The diagram shows an isosceles triangle ABC, where AB = AC = 5cm. The arc BEC is part of the
circle centre A and has length 6.2cm. The point D is the midpoint of the line BC. The arc BFC is a
semi-circle centre D.

(i) Show that angle BAC is 1.24 radians. [1]
(i)  Find the perimeter of the shaded region. [3]
(iii)  Find the area of the shaded region. [4]
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11 (a) Solve 2cot(¢+35)=5 for 0° < ¢ < 360°. [4]

Question 11(b) is printed on the next page.
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. secd o
(b) (i) Show that m—ﬂﬂg. [3]

(i) Hence solve ﬁcﬁn% =—§ for —% <6< % giving your answers in terms of 7.
[4]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

_ —b+b* - 4ac

2a

X

Binomial Theorem

n_ 4an n n-1 n -2 |2
(a+b)—a+1a b+2a b+...+r

n
r

n!

where n isa positive integer and ( = (GEDI

2. TRIGONOMETRY
Identities
sSnPA+cosA=1
sec?A=1+tan’ A

cosec? A=1+cot? A

Formulae for AABC

a b c
snA~ snB  sinC

a?=Db?+c2-2bccosA

A:%bcsinA
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1 Given that .].-'=15EE!|'? and x=tanf—5, expressyinterms of x. 2]

2 A oarve 15 such that iz gradient at the pomt (x, ¥) 15 gZiven by 10e™ + 3. Given that the curve passes
though the powmnt (0, 9), find the equation of the curve. [4]
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3 Find the set of values of k for which the equation kx?+ 3x—4+k=0 hasno real roots. [4]
4  Thegraph of y=acos(bx)+c has an amplitude of 3, a period of % and passes through the point
<% g) Find the value of each of the constants a, b and c. [4]
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5 (i) Find f (7x— 10) 2 dx. 2]

(i) Giventhat f:(7x— 10)_§dx = % find the exact value of a. [3]
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6 WhenInyisplotted against x> astraight lineis obtained which passes through the points (0.2, 2.4) and
(0.8, 0.9).

(i) Express Iny intheform px®+ q, where p and g are constants. [3]

2

(i) Hence expressy intermsof z, where z=€* . [3]
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7 () Find, in ascending powers of X, thefirst 3 termsin the expansion of (2—%) . Giveeachtermin

itsssimplest form. [3]

2\6 2
(i) Hence find the coefficient of x? in the expansion of (2——) <—+x> : [4]
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8 Itisgiventhat y= (x—4)(3x— 1)5.

(i) Show that % = (3x— 1)§(Ax + B), where A and B are integers to be found. [5]

(i) Hence find, in terms of h, where h is small, the approximate change in y when x increases from
3to3+h. [3]
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9

(&) A 6-digit number isto be formed using the digits 1, 3, 5, 6, 8, 9. Each of these digits may be used
only once in any 6-digit number. Find how many different 6-digit numbers can be formed if

(i) thereare no restrictions, [1]
(@if) the number formed is even, [1]
(iii)  the number formed is even and greater than 300000. [3]

(b) Ruby wantsto have a party for her friends. She can only invite 8 of her 15 friends.

(i) Find the number of different ways she can choose her friends for the party if there are no
restrictions. [1]

Two of her 15 friends are twins who cannot be separated.

(i) Find the number of different ways she can now choose her friends for the party. [3]
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_ 4 -1 2 3 13 8 .
10 (a) leenthatA—<a ),B_<_5 4>andAB—<l8 4>,f|ndthevalueofaandofb. [4]
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(b) Itisgiven thatX=< 3 _5), Y:<_1 g) andXZ =Y.

(i) Find X1, [2]

(i) Hencefind Z. [3]
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1

The diagram shows a circle, centre O, radius 10cm. The points A, B, C and D lie on the circumference

of the circle such that AB is parallel to DC. The length of the minor arc AB is 14.8cm. The area of the
minor sector ODC is 21.8cm?.

(i) Writedown, in radians, angle AOB. [1]

(i) Find, inradians, angle DOC. [2]
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(iii)  Find the perimeter of the shaded region. [4]

(iv) Find the area of the shaded region. [3]
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12 Theline y=2x+1 intersectsthecurve Xy = 14—2y at the pointsP and Q. The midpoint of the
line PQ isthe point M.
23

(i) Show that the point (— 10, §> lies on the perpendicular bisector of PQ. [9]
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Theline PQ intersects the y-axis at the point R. The perpendicular bisector of PQ intersectsthe y-axis at
the point S

(i) Find the area of the triangle RSM. [3]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ = 0,
x_-bivw—4mr
B 2a
Binomial Theorem
(@+br=a+ (e b+ [pla 2 b2+ ...+ || ] b+

n!

where nisapositive integer and M___n
P €9 rl (n—r)r!

2. TRIGONOMETRY
[dentities
sn?A+cos’A=1
sec? A=1+tan’ A

cosec? A= 1+ cot? A

Formulae for AABC

a b ¢
snA~ snB  snC

a?=b?+ c2—2bccosA

A:%bcsinA
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1 Solvetheinequality (x—1)(x—5) > 12. [4]

1 1

2 Showthel 1 —gnp~ 15 sng

= 2tanfsech. [4]
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3 Solvetheequation log,(10x +5) = 2+ log. (X — 7). [4]
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4  Solvethe following simultaneous equations for x and y, giving each answer in its simplest surd form.
V3x+y=4

Xx—2y=5vV3 (5]
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5 () Find %(sx—iz) 2]

(i) Useyour answer to part (i) to find f(gidx [2]
X

+2)°

(iii) Hence evauate fz 30

1 (3x+ 2)2dx. (2]
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o 2 .
6 Itisgiven that M:<_3 g>wherepandqare|ntegers.

(i) If det M =13, find an equation connecting p and g. [1]

(i) Givenasothat M?= ( 4=3p 12 2), find a second equation connecting p and g. [2]
—6-39 -3p+q
(ilf) Find the value of p and of g. [4]
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2
7 Findyintermsof x, given that ﬂ=6x+£ and that when x=1,y=3andQ=1. [6]
dx? x> dx
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8 Giventhat z=a+ (a+3)Vv3 and z> = 79+ b3, find the value of each of theintegersaand b.  [6]
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9 (i) Expand (1+ x)% simplifying all coefficients. [1]

(i) Expand (6 — )%, simplifying all coefficients. [2]

(iii) Henceexpress (6 — x)* — (1+ x)* = 175 in the form ax® + bx? + cx + d = 0, where a, b, cand d
are integers. [2]
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(iv) Show that x = 2 isasolution of the equation in part (iii) and show that this equation has no other
real roots. [5]
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12

In this question i is a unit vector due east and j is a unit vector due north. Units of length and velocity
are metres and metres per second respectively.

The initial position vectors of particles A and B, relative to a fixed point O, are 2i + 4j and 10i +14j
respectively. Particles A and B start moving at the same time. A moves with constant velocity i +j and
B moves with constant velocity —2i — 3j. Find

(i) the position vector of A after t seconds, [1]

(if) the position vector of B after t seconds. [1]

It isgiven that X isthe distance between A and B after t seconds.

(iii) Showthat X2=(8— 3t)2+ (10 — 4t)2. [3]
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(iv) Find the value of t for which (8 — 3t)2 + (10 — 4t)? has a stationary value and the corresponding
value of X. [4]
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11 Thelme y=kr+ 3, where kis a positive constant, 15 a tangent fo the curve ::.j—lt+:|r1=3:1tthe

point P.

1) Find the value of k. [4]
(i) Find the coordinates of P. [3]
(i) Find the equation of the nommal to the curve at P. [2]
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12 (i) Differentiate (cosx) * with respect to x. [2]
. . ady -1

(i) Hencefind ax diven that y=tanx+4(cosx) . [2]

(itf) Using your answer to part (ii) find the values of x in the range 0 < X < 2rt such that % =4. [6]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

_ —b+b* - 4ac

2a

X

Binomial Theorem

(a+b)"=a"+ 2am1b+ 2am2b2+...+ "

|
where n is apositive integer and (n) n

r- (n=r)!r!

2. TRIGONOMETRY
Identities
sSnPA+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a b ¢
snA ™~ snB " sinC

a?=b?+c?2—2bccosA

A:%bcsinA
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1 If z=2++3 findtheintegersaandbsuchthat az’+bz=1+ 3. [5]
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) 2X1.5 + 6X—0.5
2 Solvetheeguation =“Fr——-2 = 5
eq XO.5+5X—0.5 [ ]
3 Solvetheinequality [3x—1|> 3+x. [3]
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4  Solve the simultaneous equations
log, (x+4) = 2log,y,

log, (7y — x) = 4.
[5]
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Naomi is going on holiday and intends to read 4 books during her time away. She selects these books
from 5 mystery, 3 crime and 2 romance books. Find the number of ways in which she can make her

selection in each of the following cases.

5

[1]

(i) Thereareno restrictions.

(i) Sheselectsat least 2 mystery books. [3]

(ili) Sheselectsat least 1 book of each type. [3]
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6 Thevolume of aclosed cylinder of base radius x cm and height h cm is 500cm?.

(i) Expresshintermsof x. [1]

(i) Show that the total surface areaof the cylinder isgivenby A = 27x° + &)?O cm?. [2]

(iii) Given that x can vary, find the stationary value of A and show that thisvalueisaminimum.  [5]
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1-3x’

7  Thegradient of the normal to a curve at the point with coordinates (x, y) isgiven by

(i) Find the equation of the curve, given that the curve passes through the point (1, —10). [5]

(i) Find, intheform y= mx+ c, the equation of the tangent to the curve at the point where
X = 4. [4]
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) (2 1
8 Thematrle|s<4 3>.

(i) Find (2A)7. [3]

(i) Hence solve the simultaneous equations
2y+4x+5=0,

6y +8x+9=0.
[4]
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9 (i) Find%(xlnx). 2]

(i) Hencefind flnx dx. 2]
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(iif) Hence, given that k > 0, show that f;klnx dx = k(Indk —1). [4]
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10 (i) Without using a calculator, solve the equation 6c®—7¢?+1 = 0. [5]

Itisgiventhat y = tanx+ 6sinx.

. ., dy
(i) Find ax 2]
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(i) If ﬂ:?showthat 6cos°x — 7cos’x+ 1 = 0. [2]
dx

(iv) Hence solve the equation ;—dz(/ =7 for 0 < x < r radians. [2]
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1
YA
y=nmx+ N
B
0 A X
y=4+3x—x
The diagram shows the curve y =4+ 3x—x? intersecting the positive x-axis at the point A. The
line y=mx+8 isatangent to the curve at the point B. Find
(i) the coordinates of A, [2]
(i) thevalue of m, [3]
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(iii)  the coordinates of B, [2]

(iv) theareaof the shaded region, showing all your working. [9]
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M athematical For mulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,
\ = —b++/b?—4ac
2a

Binomial Theorem

n
1

n

5 ar2pZ+ ... +

n
(@+b=a+|,|ja*tb+ "

where n is a positive integer and (n) nt

2. TRIGONOMETRY
[dentities
S A+cos?A=1
sec? A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ c
sSnA~ snB ™~ snC

a’?=b?+c2-2bccosA

A:%bcsinA
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3

(@) On each of the diagrams below, shade the region which represents the given set.

€ €

C C

(AuBNC (ANnB)UC [2]

AT

The Venn diagram shows the number of elements in each of its subsets.

Complete the following.

(OO = T [3]
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2 Solvetheequation |3x—1|=|5+x|. [3]

p + 1
Vv3—1 V3+1

3 Findintegers p and g such that =g+ 3V3. [4]
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4  Solve the simultaneous equations
log,(x+1) =1+ log,y,

log, (x—y) = 2. (5]
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O B C

The diagram shows points O, A, B, C, D and X. The position vectors of A, B and C relative to O are

OA=a, OB=band OC = %b. The vector CD = 3a.

(i) If OX =A0D express OX intermsof A, aandb. [1]
(i) If AX = AB express OX intermsof x, aand b. [2]
(iif)  Useyour two expressions for OX to find the value of A and of 1. [3]
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AX

(iv) Findtheratio vz [1]
: . OX
(v) Findtheratio - [1]
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6 Thefunctionsf and g are defined for real values of x by
f(x) = (x+2%°+1,

00 =22 x# 3.

(i) Findf?(-3). (2]
(i) Showthat g *(x)=g(x). [3]
(iii) Solve gf(x)= . [4]
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7 A particlemoving in astraight line passes through afixed point O. Itsvelocity, v ms ™, t s after passing
through O, isgiven by v = 3cos2t—1for t > 0.

(i) Findthe vaue of t when the particleisfirst at rest. [2]
(i)  Find the displacement from O of the particlewhen t = % [3]
(iii)  Find the acceleration of the particle when it isfirst at rest. [3]

Need a home tutor? Visit smiletutor.sg
© UCLES 2017 0606/23/0/N/17 [Turn over



10

los)
@)

1
50m Ims-
3mst

7]
A

A man, who can row a boat at 3ms™! in still water, wants to cross a river from A to B as shown in the
diagram. AB is perpendicular to both banks of the river. The river, which is 50m wide, is flowing at
1ms ! in the direction shown. The man points his boat at an angle «° to the bank. Find

(i) theanglea, [2]

(if) theresultant speed of the boat from A to B, [2]
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(iii)  thetime taken for the boat to travel from A to B. [2]

On another occasion the man points the boat in the same direction but the river speed has increased to
1.8ms ! and asaresult he lands at the point C.

(iv) Statethetime taken for the boat to travel from A to C and hence find the distance BC. [2]
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9 (i) Showthat = v 3]

3

d (Inx) _ 1-3Inx
< ==

(i)  Find the exact coordinates of the stationary point of the curve y = In_§< : [3]
X
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(iif) Usethe result from part (i) to find f["):—:(]dx. [4]
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sinx 1+ cosx
1+ cosx = 2COSECX. [3]

10 (a) Show that Snx

(b) Solve the following equations.

(i) cot’y+cosecy—5=0 for 0° <y < 360° [5]
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(ii) cos(zz+§)=—§ for 0< z< 7 radians [4]

Question 11 isprinted on the next page.
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11 Thecubic equation x3+ ax?+ bx — 36 =0 has a repeated positive integer root.

(i) If therepeated root is x = 3 find the other positive root and the value of a and of b. [4]

(i) There are other possible values of a and b for which the cubic equation has a repeated positive
integer root. In each case state all three integer roots of the equation. [4]
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2018
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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PUBLISHED
Question Answer Marks Partial Marks
1 Substitution and simplification to obtain a 3 M1 | substitutionof y=x+4orx=y-4and
term quadratic in one variable simplification to 3 terms.
x2_2%x—8=0 or 2x2 —4x—-16=0 A1l | correct equation of the form
or ax® +bx+c=0 or ay’+by+c=0
y> 10y +16=0 or y*-10y+16=0
Solution of quadratic equation M1| M1ldep
x=4,y=8 A2 | Alfor each pair
X==-2,y=2
2 . (5 Bl
Midpoint | —,-1
2
. . 8 Bl
Gradient of line = 3
M1
Gradient of perp =g
Equation of perp bisector: M1 | M1dep Using their perpendicular
3( 5) gradient and their midpoint
y+l=—| X—=
8 2
6x—-16y—-31=0 or Al
—6x+16y+31=0
3 A B c D 4 | Bl for either each row correct or each
column correct — mark to candidate’s
v advantage.
v v
v
v
4(i) b=4 Bl
c=6 Bl
o gt adn™ M1 | Evaluation of a using their b and their ¢
=a+asng and the given point.
Need a home tutor? Visit smiletutor.sg
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2018

PUBLISHED
Question Answer Marks Partial Marks
4(ii) 3| Blfor -6<y<?2
B1 for 3 complete cycles
B1 for al correct
5(i) The number of bacteria at the start of the B1
experiment
5(ii) k. 20000 5 M1 | useof given eguation and attempt to
20000 =800e" so er solve for e
or In20000= N800 + In(e*) or uselogs correctly
2k =In25 M1 | correct method to obtain 2k
161 Al
5(iii) P =800e%"° M1 | Substitution of t= 3informulausing
their k
=100 000 A1l | answer in range 99800 to 100200
6(a) |Og3 p B1
xlog, 2 |+ 1o
[ log, 2 O3 0;Q
or log; 22" +log, q
log, p+10g;q Bl | Bldep
or log,(2%2° x q)
log, pq Bl | Bldep
6(b) (|oga 5_1)(|oga 5- 3) =0 M1 | solution of quadratic equation
log,5=1 a=5 A2 | Alfor a=5
(i 2
® 13 2 B1 for 1
2|5 4 2
3 2
B1for
5 4
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© UCLES 2018 Page 5 of 10




0606/11

Cambridge IGCSE — Mark Scheme
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PUBLISHED
Question Answer Marks Partial Marks
7(ii) 5 B1 | Relating solution of these equations to
ax-2y=2 matrix in (i)
7 _ 25
—5x+3y=— B1 for adapted eguation or or
2 35
X
)
y
x) 1(3 2)(25 M1 | Correct method for pre-multiplication by
y “ols 4ll3s their inverse matrix.
or
5 x) 1 3 2)\(5
y) 2\5 4|7
29 A2 | Alfor each. Condonein matrix form.
X 7.25 4
= or
y) \13.25 53
4
x=7.25 y=13.25
8(a) 3(2i —5j)—4(i - 3)) M1 | For expansion and collection of terms
Pp-49=2-3| Al
Magnitude of their 2i — 3] M1 | For method to find magnitude
V2% +(-3)?
Unit vector = 2 =31 Al
V13
8(b)(i) V2 =273% +1.25? B1 | Correct use of Pythagoras
v=23.00 B1
8(b)(ii) 1.25 M1 | Useof atrig funtion to obtain arelevant
tand=——— oe |
2.73 angle
Angle to AB= 24.6° or 0.429 radians Al
9(i) 256x8 — 64x° + 7x* 3 | Blfor each term

© UCLES 2018
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Cambridge IGCSE — Mark Scheme
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PUBLISHED
Question Answer Marks Partial Marks
(i) 1 2 Bl
F+?+1
8 5 a1 2 M1 | M1 for three correctly obtained products
(256X —64X7 +7X ) ?+F+1 leading to termsin X* using their
256x° — 64x° + 7x* and their
(256x1—64x 2+ 7x1)X* 1.2
4 2
X" X
Coefficient of x* is 256128+ 7 Al
=135
10(a) 5+6J5 6-+/5 M1 | for rationalisation
X
6+/5 6-+5
30—545+36/5-30 M1 | M1dep for expanding the numerator to
= 31 obtain four terms.
_31\/5 _ 5 Al | A1for \/5from correct working
31
6
0 3 (v2) <2 =B <2
86 B2 | B1 for /6 from v/3x+/2

B1for 8 from (\/5)6 or 2

© UCLES 2018
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Question Answer Marks Partial Marks
10(c) EITHER: B1 | 3 term quadratic equation equated to
zero
X2 +/2x—4=0
J2+.18 M1 | use of the quadratic formula
=——
for use of \18 =32 M1 | M1ldep
J2, 242 Al | For both from full working
OR:
X2 +/2x-4=0 B1
NA 2 1 M1 | Correct use of completing the square
X+ — =4+= methOd
2 2
3 2
X=t—-——
22
o 4 2 M1 | M1dep for dealing with </2 in
J2' 2 denominator
X=\/§, _2\/5 Al
11(i M1
- AT for ¥ 16+ P
dx X X X
Equating to zero and obtaining x° M1 | M1dep
3 A2 | Alfor each
x=§, y=236
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Question Answer Marks Partial Marks
11(ii) EITHER: B1 | B1for both
When x=1, y=43
When x=3, y=51
1 3 27
(5(43+ 51)><2j—jl 16x+ 5 X
B1 | FT fromtheir P and their Q

Areaof trapezium = (%(43+ 51)x 2) oe

Integration to find area under curve M1 [ ) q}
for | px“+—
X
[8 ) 27} A1l | Integration correct
= X ——
X
M1 | M1dep for application of limits
=[8x32—g}{8x12—z} e rorae
3
Required area =94-—82 Al
=12
OR: B1 | B1for both
When x=1, y=43
When x=3, y=51
Equation of PQ: y=4x+39 B1 | Equation of line FT from their P and
their Q
M1
Integration of their 4x+ 39—16x—2—z for [px+ ox? +L}
X X
A1l | All correct
= [39x—6x2 +£}
X
M1 | M1dep for application of limits
=[39x3—6><32+£} prorapp
3
—[39><1—6><12 +£}
1
Required area =72-60 Al

=12
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Question Answer Marks Partial Marks
12 1 M1 1
Q=(2x—5)2 (+c) for k(2x-5)2,
dx
1 Al
for (2x—5)2
Substitution to obtain arbitrary constant M1 | M1dep
Using ﬂz 6when x=g
dx 2
1 Al
(ﬂj =(2x-5)2+4 for correct Y
dx
_ _ 1 M1 | M1dep onfirst M1 for integration of
Integration of their k(2x—-5)z +c¢ 1 3
k(2x—5)2 to obtain m(2x—5)2
3 Al 3
y=:—13(2x—5)2 +4x (+d) for:—ls(Zx—S)z +4X
FT their (non -zero) constant
Finding constant M1 | M1dep for abtaining arbitrary constant
3
for m(2x—5)2 +nx+d using
o9 o2
2’ 3
3 A1l | for correct equation

y=%(2x—5)2 +4x-20

© UCLES 2018
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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PUBLISHED

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Partial Marks
i Bl
0 r or 60°
(i) ' 3 | B1for 3 asymptotesat x=230°, 90° and
150°; the curve must approach but not
cross al 3 of the asymptotes and be in the
1st and 4th quadrants
B1for starting at (0,1) and finishing at
(180,1)
B1for all correct
2 For an attempt to obtain an equation in x only M1
9x2—(k+1)x+4:0 A1l | correct 3 term eguation
(k+1)2—(4x9><4) M1 | M1dep for correct use of b?—4ac oe
Critical values k=11, k=-13 Al
-13<k<11 A1l | For the correct range
3 e =ax®+b B1 | may beimplied, b=0
either 3=5a+b M1 | correct attempt to find a or b by use of
1=3a+b simultaneous eguations or finding the
gradient and equating it to a
or Gradient=1,s0 a=1
Coefficient of x? is1 Al
Intercept is—2 Al
y= In(x2 _ 2) A1l | For correct form
4(1) 3=In(5t+3) B1
e® =5t + 3 or better
t=3.42 Bl
4(ii M1
0 L __° for al
d 5t+3 5t+3
dx 5 Al | al correct
When t =0, Ezg’ 1.67 or better
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Question Answer Marks Partial Marks

A(iii Bl | deponMLlin (ii
(i) If t>0 eachtermin K >0 so never P 0

negative oe FT on their ky , provided k; >0

5t+3

4(iv) d?x K, M1

dt? (5t+3)2

d?x 25 Al | al correct

dt*  (5t+3)°

2

When t=0, dt;(:—Eor —2.78

5(i) 10 3 | Bl for each coefficient, must be

a=243 b=—45 c== simplified

5(ii) ( 45 10 BL For (4+36x+81x)

243—?+¥)(4+36x+81x2)

for having 3 terms independent of x M1
Independent termis Al
972-1620+ 270=-378
6 attempt to differentiate quotient or equivalent M1
product
1 1 Bl
di(ZX—l)z =(2x-1) 2 for aquotient
X
d 3

1
™ (2x-1) 2 =—(2x—1) 2 for aproduct

i ] A1l | All other terms correct

V2x—1—(x+2) (2x—1)_%

either ﬂz — =
dx (vV2x-1)
1 3
or Yo (2x-1)2 —(x+2)[(2x—1)_2}
dx
M1 uate to zero and attempt to solve
When y=0, 2X—1=x+2 ™ P
dx
X=3 Al
5 Al
=5, ==, 224
Y=

Need a home tutor? Visit smiletutor.sg
© UCLES 2018 Page 5 of 10




0606/12 Cambridge IGCSE — Mark Scheme May/June 2018
PUBLISHED
Question Answer Marks Partial Marks
7(i) 1000 Bl
7(ii) t Bl
2000 =1000e*
t=4In2, Inl6 M1 For 4Ink or Ink*, k>0
277 Al
7(iii) B =1000€’ B1
= 7389, 7390
8(a) 3(1—sin2 9) L 4sing =4 M1 | useof correct identity
(3sin9 —1)(sin49 _1) =0 M1 | For attempt to solve a 3 term quadratic
1 equation in sing to obtain sing =
sin@==, sn@d=1
3
6=19.5", 160.5° Al
90° Al
8(b) tan 2¢ = J3 M1 | obtaining an equation in tan2¢ and
T 2n correct attempt to solve for one solution to
2¢=§, 3 reach 2¢ =k
for one correct solution Al
=2, or0.524
6
for attempt at a second solution M1
T Al | for acorrect second solution and no other
¢= 3 -105 solutions within the range
9(a)(i) 1000 Bl
9(a)(ii) for use of power rule M1
for addition or subtraction rule M1 | dep on previousM 1
1000a Al 10°a
g ™ Allow Ig =
9(b)(i) x2 —5x+6=0 M1 | For attempt to obtain a quadratic equation
and solve
X=3 X=2 Al | for both

© UCLES 2018
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(i) (Iog a)Z _Slog,a+6=0 M1 | For the connection with (i) and attempt to
4 4 deal with at least one logarithm correctly,
either 4their3 or 4their2
a=64 Al
a=16 Al
. ) ) .
10(i) AC? =(4@—5) +(4@+5) M1 | For attempt to use the cosinerule
—2(4\/1_%—5)(4\/§+5)00560° A1l | For al correct unsimplified
AC? =123 M1 | M1 dep for attempt to evaluate without
use of calculator
AC=4123 Al

ALTERNATIVE METHOD

Taking D asthe foot of the perpendicular M1 | For acomplete method to get AC?
from A:
Find AD, BD, DC
AC? = AD* + DC?
, 12-5J3 2 15+ 443 2 A1l | For al correct unsimplified
ACc = +
2 2
AC2=123 M1 | M1dep for attempt to evaluate without
use of calculator
AC=+123 Al

© UCLES 2018
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10(ii) AC  4J3-5 _ AD M1 | For attempt at the sine rule or
Sn60°  SnACB or snACB =AC trigonometry involving right-angled
triangles
For attempt at cosec M1 | dep on first M mark
cosecACB_ 2123 241
V3(4/3-5)  (4/3-5)
. ACB - 2 123  4J3+5 M1 | dep on previous M mark for a statement
0Sec _ﬁ(4\/§_5)x4\/§+5 involving rationalisation using a/3+b
Al
=2—\/4_1(4\/f_3+5) For rationalisation using 3+5 oean
23 4J3+5
simplification
ALTERNATIVE METHOD
M1 | Areaof ABC
£(4x/§—5)(4x@+5)sin60 23
2
1 _ 233 M1 | For attempt at a second area of ABC and
E\/123(4\/§+5)Sn ACB :T aquanng to first area
For attempt at cosec M1 | dep onfirst 2 M marks
2J41 A1l | Need to be convinced no calculator is
== (4/3+5) being used in simplification
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11 1 Bl 1
When XZO,yZ— For y==
2 2
dy —Ee“x Bl
dx 2
Bl
& :1, Gradient of normal = -2 FT on their ﬂ must be numeric
dx 2 dx
_ 1 M1 | For an attempt at a normal equation
gither: Norma y——=-2x 1
2 passing through their (O,—j and a
or: Gradient of normal = _OA 2
: T OB substitution of y=0
1 Al
When y=0, x=—
4
EITHER: M1 | For attempt to integrate to obtain
1
P}e“x+§dx k1e4x+§x, kl;té, kl;«tE
08 8 8 8 2
1 A1l | For correct integration
1 4, 3X|4
32 8 o
Use of limits M1 | M1dep
. 1 Bl _ 1
For area of triangle =— FT ontheir x=—
16 4
e A1 | final answer in correct form
3R
OR: M1 | For attempt at subtraction and attempt to
1 integrate
j4le4x+§—£+2xdx w3 ) 1
o8 8 2 to obtain kiex+§x+k2x+k3x : k1¢§
1 A2 | -1 for each error for integration
[ 1 4 1 2}4
—e7 —=X+X
32 8 0
for use of limits M1 | M1dep
e Al | final answer in correct form
32
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12(a) 1 B1
P=3
p+q-4q+6=4 B1 | FT ontheir p
3 B1
93
12(b) 1 1 M1 | For attempt to factorise and solve, or
x2+3| x¥+1|=0 solve using the quadratic formula oe, a
1
quadraticin x3 oru
1 A1l | For both
x32=-loru=-1
1
x3=-3oru=-3
x=-1 Al
X=-27 Al
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Partial Marks
1 Substitution and simplification to obtain a 3 M1 | substitutionof y=x+4orx=y-4and
term quadratic in one variable simplification to 3 terms.
x2_2%x—8=0 or 2x2 —4x—-16=0 A1l | correct equation of the form
or ax® +bx+c=0 or ay’+by+c=0
y> 10y +16=0 or y*-10y+16=0
Solution of quadratic equation M1| M1ldep
x=4,y=8 A2 | Alfor each pair
X==-2,y=2
2 . (5 Bl
Midpoint | —,-1
2
. . 8 Bl
Gradient of line = 3
M1
Gradient of perp =g
Equation of perp bisector: M1 | M1dep Using their perpendicular
3( 5) gradient and their midpoint
y+l=—| X—=
8 2
6x—-16y—-31=0 or Al
—6x+16y+31=0
3 A B c D 4 | Bl for either each row correct or each
column correct — mark to candidate’s
v advantage.
v v
v
v
4(i) b=4 Bl
c=6 Bl
o gt adn™ M1 | Evaluation of a using their b and their ¢
=a+asng and the given point.
Need a home tutor? Visit smiletutor.sg
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4(ii) 3| Blfor -6<y<?2
B1 for 3 complete cycles
B1 for al correct
5(i) The number of bacteria at the start of the B1
experiment
5(ii) k. 20000 5 M1 | useof given eguation and attempt to
20000 =800e" so er solve for e
or In20000= N800 + In(e*) or uselogs correctly
2k =In25 M1 | correct method to obtain 2k
161 Al
5(iii) P =800e%"° M1 | Substitution of t= 3informulausing
their k
=100 000 A1l | answer in range 99800 to 100200
6(a) |Og3 p B1
xlog, 2 |+ 1o
[ log, 2 O3 0;Q
or log; 22" +log, q
log, p+10g;q Bl | Bldep
or log,(2%2° x q)
log, pq Bl | Bldep
6(b) (|oga 5_1)(|oga 5- 3) =0 M1 | solution of quadratic equation
log,5=1 a=5 A2 | Alfor a=5
(i 2
® 13 2 B1 for 1
2|5 4 2
3 2
B1for
5 4
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7(ii) 5 B1 | Relating solution of these equations to
ax-2y=2 matrix in (i)
7 _ 25
—5x+3y=— B1 for adapted eguation or or
2 35
X
)
y
x) 1(3 2)(25 M1 | Correct method for pre-multiplication by
y “ols 4ll3s their inverse matrix.
or
5 x) 1 3 2)\(5
y) 2\5 4|7
29 A2 | Alfor each. Condonein matrix form.
X 7.25 4
= or
y) \13.25 53
4
x=7.25 y=13.25
8(a) 3(2i —5j)—4(i - 3)) M1 | For expansion and collection of terms
Pp-49=2-3| Al
Magnitude of their 2i — 3] M1 | For method to find magnitude
V2% +(-3)?
Unit vector = 2 =31 Al
V13
8(b)(i) V2 =273% +1.25? B1 | Correct use of Pythagoras
v=23.00 B1
8(b)(ii) 1.25 M1 | Useof atrig funtion to obtain arelevant
tand=——— oe |
2.73 angle
Angle to AB= 24.6° or 0.429 radians Al
9(i) 256x8 — 64x° + 7x* 3 | Blfor each term

© UCLES 2018
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(i) 1 2 Bl
F+?+1
8 5 a1 2 M1 | M1 for three correctly obtained products
(256X —64X7 +7X ) ?+F+1 leading to termsin X* using their
256x° — 64x° + 7x* and their
(256x1—64x 2+ 7x1)X* 1.2
4 2
X" X
Coefficient of x* is 256128+ 7 Al
=135
10(a) 5+6J5 6-+/5 M1 | for rationalisation
X
6+/5 6-+5
30—545+36/5-30 M1 | M1dep for expanding the numerator to
= 31 obtain four terms.
_31\/5 _ 5 Al | A1for \/5from correct working
31
6
0 3 (v2) <2 =B <2
86 B2 | B1 for /6 from v/3x+/2

B1for 8 from (\/5)6 or 2
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10(c) EITHER: B1 | 3 term quadratic equation equated to
zero
X2 +/2x—4=0
J2+.18 M1 | use of the quadratic formula
=——
for use of \18 =32 M1 | M1ldep
J2, 242 Al | For both from full working
OR:
X2 +/2x-4=0 B1
NA 2 1 M1 | Correct use of completing the square
X+ — =4+= methOd
2 2
3 2
X=t—-——
22
o 4 2 M1 | M1dep for dealing with </2 in
J2' 2 denominator
X=\/§, _2\/5 Al
11(i M1
- AT for ¥ 16+ P
dx X X X
Equating to zero and obtaining x° M1 | M1dep
3 A2 | Alfor each
x=§, y=236
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11(ii) EITHER: B1 | B1for both
When x=1, y=43
When x=3, y=51
1 3 27
(5(43+ 51)><2j—jl 16x+ 5 X
B1 | FT fromtheir P and their Q

Areaof trapezium = (%(43+ 51)x 2) oe

Integration to find area under curve M1 [ ) q}
for | px“+—
X
[8 ) 27} A1l | Integration correct
= X ——
X
M1 | M1dep for application of limits
=[8x32—g}{8x12—z} e rorae
3
Required area =94-—82 Al
=12
OR: B1 | B1for both
When x=1, y=43
When x=3, y=51
Equation of PQ: y=4x+39 B1 | Equation of line FT from their P and
their Q
M1
Integration of their 4x+ 39—16x—2—z for [px+ ox? +L}
X X
A1l | All correct
= [39x—6x2 +£}
X
M1 | M1dep for application of limits
=[39x3—6><32+£} prorapp
3
—[39><1—6><12 +£}
1
Required area =72-60 Al

=12
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12 1 M1 1
Q=(2x—5)2 (+c) for k(2x-5)2,
dx
1 Al
for (2x—5)2
Substitution to obtain arbitrary constant M1 | M1dep
Using ﬂz 6when x=g
dx 2
1 Al
(ﬂj = (2x— 5)5 +4 for correct ﬂ
dx
_ _ 1 M1 | M1dep onfirst M1 for integration of
Integration of their k(2x—-5)z +c¢ 1 3
k(2x—5)2 to obtain m(2x—5)2
3 Al 3
y=:—13(2x—5)2 +4x (+d) for:—ls(Zx—S)z +4X
FT their (non -zero) constant
Finding constant M1 | M1dep for abtaining arbitrary constant
3
for m(2x—5)2 +nx+d using
ML
2’ 3
3 A1l | for correct equation

y=%(2x—5)2 +4x-20
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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13)(a) Alisnot a[proper] subset of B oe B1
1(3i)(b) A and C are mutually exclusive oe B1
or Aintersection C is the empty set oe
1i)@ | n(AUB)=3 B1
i) | xe(ANC) oe B1
2(i) 1 M1
k x
3x-1
1 Al
X
3x-1
2(ii) 1 . Bl
X= — S0
15
M1
0.125 = theirﬂ xdX oe
X | x=their 11
15
0.05 nfww Al
30) | (2P, =)3991680 51
(i) | (4x R, =) 1330560 Bl
3(iii) 4l x 4l x 2 oe M2 M1 for 4! x 4! ceonly or “P,x “R, oeonly
1152 Al
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4(i) 2(-4)° + 3(~4)* — 4a—12=0 with one B1 | Note: =0 must be seen or may beimplied by

correct interim step leading to
a=-23

eg. -92=4aor 92=-4a

or convincingly showing that
2(-4)° + 3(-4)* - 4(-23)-12=0

or correct synthetic division at least asfar as
412 3 a -12

-8 20 -4a-80
2 -5 a+20 0
thena=-23

or correct long division to, e.g. verify —23, at |least
asfar as

2x% —5x -3
X+ 4>2x3 +3x% - 23x—12
22 + 8x°
—5x% - 23x
—5x* — 20x
-3x-12
—3x-12
0
p)=2+3-23 -12 B1
b=-30
A(ii) finds a correct quadratic factor B2 | B1 for quadratic factor with 2 correct terms
e.g. (2¢ - 5x—3)
OR
B1for finding (x — 3) using factor theorem
B1for convincingly finding (2x + 1) as third factor
Product of three linear factors M1
(2x+1)(x—3)(x + 4)
1 a Al | If MO then SC1 if quadratic factorised correctly but
=5 XE 3, x=-4nfww does not show full factorisation but does give al 3
solutions correctly
5(i) Putting y = f(X), changing subject to x M1
and swopping x andy or vice versa
Al
f(x) :£(£+ 5) or X eisw
2\ x 2X
5(ii) x>0oe B1
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5(iii) 1 Bl
o)
2x-5
1 M1 | FT if expression of equivalent difficulty
—————— 0e
2—5(2x—-b5) eq 1
2x—5 ( 1 j 5
2x-5
_ Al
Completesto _2X=5 oe
-10x+ 27
final answer
6(i) 16x =40 oe M1
X = 2.5 oe (radians) Al
6(ii 1 M1
) =(16)°(2.5) oe
2
320 Al
6(iii M1 | FT provided their 320 > 140
(i) %rz(theirZ.S) = (their320)-140 oe P
correct simplification tor?= ... M1 | dep onfirst M1
12 Al
7(i) Atan X+ 4xsec® X isw B2 | Fully correct
B1 for one correct term as part of e.g. asum of 2
terms
7(“) d ( 3x+1 3x+1 Bl
—(e¥1) =3¢
dx
(x? —1)(their 3e**1) — their (2x)e>1 M1
(x2-1)°
2 3x+1) 3x+1 Al
(x2-1)(3e )2 2xe oo iaw
(x*-2)
8(i) Takes logs of both sides M1
Iny=Ina+ninx Al
or Igy=Iga+nlgx
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8(ii) n= -0.2t0-0.3 nfww Bl
attempts to equate y-intercept to In a M1
l?czrmstheir In equation with their
gradient and a point on the line
3;05 two points on the lineto form a
pair of simultaneous equations
a=¢*" iswor 110 or 109.9[47...] A1 | maximum of 2 marksif no coordinates stated
8(iii) use of In(50) and Inx = 3t0 3.2 M1

50 ;
or for —— = x""" or better
theira

or for In50=In(theira) + (their n)Inx oe

awrt 22 or 23 to 2 significant figures Al | impliesM1
(i) 7V 64 B3 | B1for each of p, g, r correct in correct format;
5( —g) -y allow correct equivalent values.
If BO, then
SC2 for 5(X—Zj—%
5/ 5

or SC1 for correct values but incorrect format

9(ii) 7 B4 | B2 for fully correct shape in correct position
or B1 for fully correct shape trandlated parallel to
the x-axis
B1 for y-intercept at (0, 3) marked on graph

3
B1 for roots marked on graph at —0.2 and 3
-0.20 3
o(iii B2 | FT their (i
() 0<k<their[—g)‘ ® 64
5 B1 for any inequality using their < or maxy

valueistheir 12.8soi

10(i Bl

0 V= %S =-3sn3t

Bl

Whenv=0, t= =~
3
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10(ii) Finding s when M1
t=" and t=Z
4 2
Finding s when M1 | Using their (i) correctly
t= their% and correct plan
1.29 nfww Al
10(iii B1
(i) a= v =-9c0os3t
dt
9 B1 | FT their kcos3t
11(8) 10(1-sin?x) +3sinx=9 M1
Solves 10sin® x—3sinx—1=0 oe M1 | dep onfirstM1
Solves their three term quadratic in sin x
. 1 . 1 Al
snx==, snx=—-=
2 5
30°, 150° and 191.5°, 348.5° awrt A2 | Alfor any two correct solutions
11(b ] M1
(b) 3S'n2y=4sin2y oe
cos2y
Solves 3sin2y —4sin2ycos2y[=0] M1 | dep onfirst M1
. 3 Al
sn2y=0 cosZyzz1
Any two of Al
n, 0.72273..., 5.56045... nfww
T A1l | SC: cancelsout sin2y after M1MO
7+ 0-361, 2.78 awrt nfww allow SC1 for 0.72273... and 5.56045... and
SC1for 0.361 and 2.78
12(i M1
® tan30=L oe
%
Correct completion to given answer Al
V =53h? isw B1
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12(ii) (@ Bl ir\/ = kh?2
(ii)(@) N _ ihdir10v3h Or% FT theirV =kh
dh
dh dh dv . M1
—=——X— S0
da dv d
M1
%— 1dV x0.5
t th r(j
dh
0.115 or 0.11547 to 0.1155 oe Al
12(ii)(b M1
0o (%:%xﬁzjzﬁ,xtheiri
dt dh dt 53
2 Al
5
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied

Need a home tutor? Visit smiletutor.sg
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(i ‘
® Uses cotezc_o—se B3 B1forusing cotd = CO—SQ oeor tan<9=s'—n‘9
sing siné cosd
oe at some stage
cos’ 0 +sin’ o
sng B1 for useof cos”@+sin’@=1 oe
Uses cos2@+sn20=1 B1 for common denominator of sing oe either
in a compound fraction or in two partia
1 fractions
Completesto —— = cosecd . 1-sn%@ 1 sin%é
sind or for writing — s ————
sng ssngd sné
Maximum of 2 mar ksif not fully correct or
does not completeto cosecd
(i M1
0 sng= 1
14.5° or Al Not from wrong working
14.47[751...] rot to 4 or more figures
isw
2(a) B1
B
2(b) B3 B1 for 8 correctly placed and all the empty
P Q regions correct
A B1for 11, 2, 5 correctly placed
&A B1 for 4 correctly placed
maximum of 2 marksif fully correct but
v other values such as 30, 21 and/or 15 present
R [0] within the diagram
their 12 B1 STRICT FT their Venn diagram

© UCLES 2018
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3 p(=3) =0 or p(2) = —15 stated or M1
implied
-54 + 9a + 72 + b = 0 or better Al finds one correct equation; impliesM 1
16 + 4a — 48 + b = —15 or better Al finds another correct equation; impliesM 1
Solves apair of simultaneous M1 dep onfirst M1
equationsinaand b condone one sign or arithmetic error in their
solution;
asfar asfinding one unknown
a=-7,b=45 Al
60 cao Al
4 Eliminates one of the unknowns M1
Simplifiesto a correct 3-term Al
quadratic:
2 + 4x—16[= 0] oe or
2y* — 6y —36[=0] oe
Factorises or solves M1 FT their 3-term quadratic in x or y;
(x+4)(x—2)=00eor
(y+3)(y-6)=00e
(2, 6) and (-4, -3) oe A2 Not from wrong working
Al for either (2, 6) or (-4, -3)
orAlforx=2andx=-4ory=6andy=-3
5(a) P, or 7x6x5x40e M1
840 Al
5(b)(i) 20 Bl
S(b)(ii) 5C1><4C1><2C1 or5x4x2oe M1
40 Al
5(b)ii) | sc,+“C, oe M1
14 Al

© UCLES 2018
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6(i) (Arclength=) 1.5 x 5 oe soi M1 | impliedby 7.5
(DE =) 10sin(0.75) oe soi M1 implied by awrt 6.82
34.3 or answer in range 34.31 to 34.32 Al

6(ii M1 implied by 18.75

(i (Area sector =) %x 52 x 1.5 oe P y
M1 implied by awrt 12.47

(Areatriangle =) %x 52 x sin(1.5) oe P y
31.2 or answer in range 31.21 to 31.22 Al

) ltheir(a + c)| = /their (5% +142) M1

[291 Al mark final answer
7(ii) [(2 + m)i + (3 —5m)j therefore] M1 for attempting to form a + mb and equate the
scalar of thei component to O

their 2+m)=0
m= -2 only Al impliesM1

7(iii) [(2n-1)i +(3n+5)j = 3i + 1] M1
orn(2i +3j)=(3i +11j) + (i—5]) oe
leading to]
2n—1=30r 3n+5=110e, soi
n=2only Al impliesM 1

© UCLES 2018

Page 6 of 10

Need a home tutor? Visit smiletutor.sg




0606/22 Cambridge IGCSE — Mark Scheme May/June 2018
PUBLISHED
Question Answer Marks Partial Marks
8(a) -2 6 B2 B1 for a2 by 2 matrix with 2 or 3 correct
1 12 elements
1 (12 -6 B2 FT their non-singular BA
their —[ j oeisw 1
-30(-1 -2 B1FT for either ———— or
their (—30)
12 -6
...xtheir
o
If their BA issingular, BO then SC1 for
. (12 -6
..xtheir
-1 -2
OR
Alternative method A™'B ™
-3 1
B2for Atz L isw
-5\-1 2
=i ol
orB7 == isw
0
or B1 for amultiplier of — orfor( ]
. 1 -5 2
or for amultipler of — or for
6 -3 0
12 -6
B2 FT for A1 B = their — xtheir
-30 -1 -2
or BLFT for a2 by 2 matrix with 2 or 3
correct elements
Maximum of 3 marksif not fully correct
8(b)(i) 2x3 Bl
8(b)(ii) 1 _ B2 B1 for each correct element; must beinalby 2
2 —|oeisw matrix
2
or M1 for afull method asfar as finding values
for the two elements

© UCLES 2018
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9(i) 1 1
i(\/sinx)zi(sinx) 2(cosx) oe B2 B1for 1(sinx) 2x...
dx 2 2
1 1
or for =(sinx) 2
2
1 -t
or for E('") 2 x COSX
1. (tharfj—l
or for thewz(smx) 2) x cosx
their (4x3)+/sinx M1 | Appliescorrect form of product rule

1
+x* (their %(si nx) 2 (cosx)) oe

Al Not from wrong working

Ax3Jsinx + x* (%(si n x)_% (cosx))

oeisw
9(ii) 3 /gnx M1 4
J.(4X sinx)dx or jxdx+ ZI(X C_osx+4x3\/sindex oe
1 24/sinx
1, . 2
+I(x4x§(snx) 2(cosx)de
FT their (i)
=x*/sinx oe

2 A2 4 IS

X7+2X4m [+c] Alfor '[xdx+2x NET D
10(a)(i) ’ B2 B1 for correct shape

B1 for roots marked on the graph
or seen nearby provided graph drawn and one
root is negative and oneis positive

3 5
10(a)(ii) | Any correct domain Bl
10(b)(i) 4 Bl mark final answer
3x-1
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10(b)(ii) | Correct method for finding inverse M1 _ _
function e.g. FT only if theirhg(x) of theform T where
, _ , a, b and c areintegers
swopping variables and changing
subject or vice versa;
or
indicates (hg) *(x) =g *h™(x) and
finds g‘l(x)=X—+1 and h-l(x)=ﬂ
3 X
Al . _ a—cx
[(hg)*(%) =]E(ﬂ+1] oe isw or FT their (hg) " (x) = oe
3\ x bx
1 4+ X . .
[(hg) (X) =] 3 W If MO then SC1 for their hg(x) of the form
y=2+b oeleading to their (hg)(x) of the
X
a .
form y=—— isw
x-b
10(c) acao B1
11(a) 4 14
(2;‘;1)3 [+c] oe isw B2 | Bifor kx(leﬁ where k # 0
V) ( +1j
3 3
11(b)(i M1
(b)0) k cos4x[+ c] wherek < O or kz%f
Al
—lcos4x[+c]
4
11(b)(ii) | Sight of correct substitution of limits: M1 FT their kcos4xfrom (b)(i)
1 4= 1 4n
BRI Wi el e dep on M1 awarded in (b)(i)
1 Al doesnot imply M1
4
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11ic) . = z A1 k amy non-zers constant
} eldr=ke' [+c]
k=3 Al
Saght of correct substitution of hrnats: A1 dep on first M1
[F33
their ke * — their ke” oe
Shows how to deal with the power of El
the first term e.g.
|
%ﬂﬂ" or %=lﬂ or 314f8)
seen
G-3=3 Al Mot from wrong workmg
1241) T All
E‘D.E = E e
] Al
r=h(2—+3) ar !'=J|11u1l_l oe
I 2, A Comrectly uses their expression for v in terms of
L =]E m(2-3) b xh e ki forpoula for volume of 2 cone dependent on
finding an expression connecting v and k&
c_ml4-43+3)K Al
[F=] 3 oe
comrectly leadimg to
w743
[F =]ﬂ AG
3
12() Correct derivative of Fe.z El
i -
3nl7-45 1k .
3
dhr  dh dF El
—=—X— =0l
dt dF dr
1 30 A1 if correct imphies B1 BL:
FdF . if incomect, a comect FT statement mmphes the
f-[i'ﬂff;_ g7 | second B1
532 Al
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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13)(a) Alisnot a[proper] subset of B oe B1
1(3i)(b) A and C are mutually exclusive oe B1
or Aintersection C is the empty set oe
1i)@ | n(AUB)=3 B1
i) | xe(ANC) oe B1
2(i) 1 M1
k x
3x-1
1 Al
X
3x-1
2(ii) 1 . Bl
X= — S0
15
M1
0.125 = theirﬂ xdX oe
X | x=their 11
15
0.05 nfww Al
30) | (2P, =)3991680 51
(i) | (4x R, =) 1330560 Bl
3(iii) 4l x 4l x 2 oe M2 M1 for 4! x 4! ceonly or “P,x “R, oeonly
1152 Al
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4(i) 2(-4)° + 3(~4)* — 4a—12=0 with one B1 | Note: =0 must be seen or may be implied by

correct interim step leading to
a=-23

eg. -92=4aor 92=-4a

or convincingly showing that
2(-4)° + 3(-4)* - 4(-23)-12=0

or correct synthetic division at least asfar as
412 3 a -12

-8 20 -4a-80
2 -5 a+20 0
thena=-23

or correct long division to, e.g. verify —23, at |least
asfar as

2x% —5x -3
X+ 4>2x3 +3x% - 23x—12
22 + 8x°
—5x% - 23x
—5x* — 20x
-3x-12
—3x-12
0
p)=2+3-23 -12 B1
b=-30
A(ii) finds a correct quadratic factor B2 | B1 for quadratic factor with 2 correct terms
e.g. (2¢ - 5x—3)
OR
B1for finding (x — 3) using factor theorem
B1for convincingly finding (2x + 1) as third factor
Product of three linear factors M1
(2x+1)(x—3)(x + 4)
1 a Al | If MO then SC1 if quadratic factorised correctly but
=5 XE 3, x=-4nfww does not show full factorisation but does give al 3
solutions correctly
5(i) Putting y = f(X), changing subject to x M1
and swopping x andy or vice versa
Al
f(x) :£(£+ 5) or X eisw
2\ x 2X
5(ii) x>0oe B1
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5(iii) 1 Bl
o)
2x-5
1 M1 | FT if expression of equivalent difficulty
—————— 0e
2—5(2x—-b5) eq 1
2x—5 ( 1 j 5
2x-5
_ Al
Completesto _2X=5 oe
-10x+ 27
final answer
6(i) 16x =40 oe M1
X = 2.5 oe (radians) Al
6(ii 1 M1
) =(16)°(2.5) oe
2
320 Al
6(iii M1 | FT provided their 320 > 140
(i) %rz(theirZ.S) = (their320)-140 oe P
correct simplification tor?= ... M1 | dep onfirst M1
12 Al
7(i) Atan X+ 4xsec® X isw B2 | Fully correct
B1 for one correct term as part of e.g. asum of 2
terms
7(“) d ( 3x+1 3x+1 Bl
—(e¥1) =3¢
dx
(x? —1)(their 3e**1) — their (2x)e>1 M1
(x2-1)°
2 3x+1) 3x+1 Al
(x2-1)(3e )2 2xe oo iaw
(x*-2)
8(i) Takes logs of both sides M1
Iny=Ina+ninx Al
or Igy=Iga+nlgx
© UCLES 2018 Page 6 of 9 Need a home tutor? Visit smiletutor.sg




0606/23 Cambridge IGCSE — Mark Scheme May/June 2018

PUBLISHED
Question Answer Marks Partial Marks
8(ii) n= -0.2t0-0.3 nfww Bl
attempts to equate y-intercept to In a M1
l?czrmstheir In equation with their
gradient and a point on the line
3;05 two points on the lineto form a
pair of simultaneous equations
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2

Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax? + bx + ¢ = 0,

«— —b*Vb’— dac
2a
Binomial Theorem
n—any (Mot N _n22 N s
@+b"=a"+ 1)@ b+ -2 b+ ..+ r |2 b"+ ...
hereni itiveint d N-__n
where nisapositiveinteger and | . B GELI]

2. TRIGONOMETRY
Identities
snfA+cos?A=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b ¢
snA ~ snB T sinC

a2 =Db?+c2-2bc cos A

A:%szinA
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1 Solvetheequations
y—x=4,

X2 +y?—8x—4y— 16 = 0.
(5]
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4

2  Find the equation of the perpendicular bisector of the line joining the points (1, 3) and (4, —5). Give
your answer in the form ax + by + ¢ = 0, where a, b and c are integers. [5]
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3 Diagrams A to D show four different graphs. In each case the whole graph is shown and the scales on

the two axes are the same.
A
a
o) ™
C
a
o) 57

\

/6 \
/
3

<Y

Place ticks in the boxes in the table to indicate which descriptions, if any, apply to each graph. There
may be more than onetick in any row or column of the table. [4]

Not afunction

One-one
function

A function
that isits own
inverse

A function
with no inverse
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4 (i) Thecurve y=a+bsncx hasanamplitude of 4 and aperiod of % Given that the curve passes
through the point % , 2}, find the value of each of the constants a, b and c. [4]

(i) Using your values of a, b and c, sketch the graph of y=a+ bsincx for 0< x< r radians.  [3]

N
6

<Y
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5 The population, P, of a certain bacterium t days after the start of an experiment is modelled by
P = 800€X, where k is a constant.

(i) State what the figure 800 represents in this experiment. [1]

(i) Given that the population is 20000 two days after the start of the experiment, calculate the value
of k. [3]

(iii)  Calculate the population three days after the start of the experiment. [2]
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8

6 (a) Write (log,p)(log,2)+log,q asasinglelogarithm to base 3. [3]

(b) Given that (Ioga5)2—4log35+3:0, find the possible values of a. [3]
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7 () Findtheinverse of the matrix [_g _g] [2]

(i) Hence solve the simultaneous equations
8x—4y —5=0,
—10x+ 6y —7=0.
[4]
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8 (a) Giventhatp =2 —5 andqg=i— 3j, find the unit vector in the direction of 3p — 4q. [4]
(b)
B
i 1.25kmh1
H |
N
A

A river flows between parallel banks at a speed of 1.25kmh~1. A boy standing at point A on one
bank sends a toy boat across the river to his father standing directly opposite at point B. The toy
boat, which can travel at vkmh™1 in still water, crosses the river with resultant speed 2.73kmh~1
along the line AB.

(i) Calculatethe value of v. [2]
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The direction in which the boy points the boat makes an angle 6 with the line AB.

(i) Find the value of 4. [2]
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8
9 (i) Findthefirst 3termsin the expansion of [Zx—%] in descending powers of x. [3]
1(1 .F
(i) Hence find the coefficient of x* in the expansion of [Zx—l—Gx] [—2+ 1] . [3]
X
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10 Do not usea calculator in thisquestion.

5+6v5
6++5 " 3l

(@ Simplify

(b) Show that 3°°x (vV2)"  can be written in the form avb, where a and b are integersand a > b.
[2]

(c) Solvetheequation x+ V2= % giving your answersin simplest surd form. [4]
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1
YA

27
y=16x+—=
X

|
X

O

The diagram shows part of the graph of y = 16x+ Q’ which hasaminimum at A.
X

(i) Find the coordinates of A. [4]
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The pointsP and Q lieonthecurve y= 16x+ Z—Z and have x-coordinates 1 and 3 respectively.
X

(i)  Find the area enclosed by the curve and the line PQ. You must show all your working. [6]

Question 12 isprinted on the next page.
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. d? 1 . .
12 A curveis such that d—g =(2x—5) 2. Given that the curve has a gradient of 6 at the point g : % ,
X

find the equation of the curve. [8]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

-b+~b* -4ac

2a

X =

Binomial Theorem

n
1

n

5 ar2pZ+ ... +

n
(a+b)"=a"+ |, [a*lb+ "

where n is a positive integer and (n) nt

r= (n=r)!r!

2. TRIGONOMETRY
[dentities
SN A+cos?A=1
sec? A=1+tan’ A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ ¢
snA ™~ snB " sinC

a’?=b?+c2-2bccosA

1 )
A—EbcsmA
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1 Itisgiventhat y= 1+ tan3x.

(i) Statethe period of y. [1]
(i) Onthe axes below, sketchthegraph of y=1+tan3x for 0° < x° < 180°. [3]
YA
0 T I T | | I 57
30 60 0 120 150 180
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4

2 Find the values of k for which theline y = 1— 2kx does not meet the curve y = 9x*>— (3k + 1)x + 5.
[5]
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3 Thevariables x and y are such that when e is plotted against x2, a straight line graph passing through
the points (5, 3) and (3, 1) isobtained. Find y in terms of x. [5]
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4 A particle P moves so that its displacement, x metres from afixed point O, at timet seconds, is given by

x=In(5t+3).

(i) Find the value of t when the displacement of P is3m. [2]
(i) Find the velocity of P whent = 0. [2]
(iii) Explain why, after passing through O, the velocity of P is never negative. [1]
(iv) Findthe acceleration of P whent = 0. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2018 0606/12/M/J/18



7

5
5 (i) Thefirst three termsin the expansion of [3 - i] can be writtenas a+ 2 + % Find the value
of each of the constants a, b and c. Ox X [3]

(i) Useyour valuesof a, b and c to find the term independent of x in the expansion of

[3_i

5
o (2+9%)2. [3]
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X+ 2
2xX—1°

6  Findthe coordinates of the stationary point of the curve y=

[6]
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t
7 A population, B, of aparticular bacterium, t hours after measurements began, is given by B = 1000e4.

(i) Findthevalueof Bwhent=0. [1]
(i)  Find the time taken for B to doublein size. [3]
(iii)  Find the value of Bwhent = 8. [1]
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8 (a) Solve 3cos’d+4sind=4 for 0°< @< 180°. [4]
(b) Solve sin2¢ =+3cos2¢ for —% <¢ <% radians. [4]
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9 (a (i) Solve Igx=3. [1]
(i) Write lga—2lgb+ 3 asasingle logarithm. [3]
(b) () Solve x-5+2=0. 2]

(if) Hence, showing al your working, find the values of a such that log,a—5+ 6log,4 = 0.
(3l
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10 Do not usea calculator in thisquestion.
All lengths in this question are in centimetres.
A
4/3-5

60°

4V/3+5

The diagram shows the triangle ABC, where AB = 4+/3 -5, BC = 4v3+ 5 and angle ABC = 60°.

It is known that sin60° = g C0s60° = % tan60° = V3.
(i) Find the exact value of AC. [4]
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2Vp

(i) Henceshow that cosecACB = T(4\/§ +5), where p and g areintegers. [4]
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11
v _e™+3
Y=73
A
/
0] B 7
e™+3

The diagram shows the graph of the curve y = . The curve meets the y-axis at the point A.

8

The normal to the curve at A meets the x-axis at the point B. Find the area of the shaded region
enclosed by the curve, the line AB and the line through B parallel to the y-axis. Give your answer in

theform g , Where a is a constant. You must show all your working. (10
10
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Question 12 isprinted on the next page.
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12 Do not useacalculator in this question.

. 6P x 8PT2x 30 . 70~ g
(@) Giventhat a3 isequal to 2 x 3", find the value of each of the constants p and q.

[3]

1 12
(b) Using the substitution u = x3, or otherwise, solve 4x3+x3+ 3= 0. [4]
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2

Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax? + bx + ¢ = 0,

«— —b*Vb’— dac
2a
Binomial Theorem
n—any (Mot N _n22 N s
@+b"=a"+ 1)@ b+ -2 b+ ..+ r |2 b"+ ...
hereni itiveint d N-__n
where nisapositiveinteger and | . B GELI]

2. TRIGONOMETRY
Identities
snfA+cos?A=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b ¢
snA ~ snB T sinC

a2 =Db?+c2-2bc cos A

A:%szinA
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1 Solvetheequations
y—x=4,

X2 +y?—8x—4y— 16 = 0.
(5]
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2  Find the equation of the perpendicular bisector of the line joining the points (1, 3) and (4, —5). Give
your answer in the form ax + by + ¢ = 0, where a, b and c are integers. [5]
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3 Diagrams A to D show four different graphs. In each case the whole graph is shown and the scales on

the two axes are the same.
A
a
o) ™
C
a
o) 57

\

/6 \
/
3

<Y

Place ticks in the boxes in the table to indicate which descriptions, if any, apply to each graph. There
may be more than onetick in any row or column of the table. [4]

Not afunction

One-one
function

A function
that isits own
inverse

A function
with no inverse
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4 (i) Thecurve y=a+bsncx hasanamplitude of 4 and aperiod of % Given that the curve passes
through the point % , 2}, find the value of each of the constants a, b and c. [4]

(i) Using your values of a, b and c, sketch the graph of y=a+ bsincx for 0< x< r radians.  [3]

N
6

<Y

Need a home tutor? Visit smiletutor.sg
© UCLES 2018 0606/13/M/J/18



7

5 The population, P, of a certain bacterium t days after the start of an experiment is modelled by
P = 800€X, where k is a constant.

(i) State what the figure 800 represents in this experiment. [1]

(i) Given that the population is 20000 two days after the start of the experiment, calculate the value
of k. [3]

(iii)  Calculate the population three days after the start of the experiment. [2]
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6 (a) Write (log,p)(log,2)+log,q asasinglelogarithm to base 3. [3]

(b) Given that (Ioga5)2—4log35+3:0, find the possible values of a. [3]
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7 () Findtheinverse of the matrix [_g _g] [2]

(i) Hence solve the simultaneous equations
8x—4y —5=0,
—10x+ 6y —7=0.
[4]
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8 (a) Giventhatp =2 —5 andqg=i— 3j, find the unit vector in the direction of 3p — 4q. [4]
(b)
B
i 1.25kmh1
H |
N
A

A river flows between parallel banks at a speed of 1.25kmh~1. A boy standing at point A on one
bank sends a toy boat across the river to his father standing directly opposite at point B. The toy
boat, which can travel at vkmh™1 in still water, crosses the river with resultant speed 2.73kmh~1
along the line AB.

(i) Calculatethe value of v. [2]
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The direction in which the boy points the boat makes an angle 6 with the line AB.

(i) Find the value of 4. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2018 0606/13/M/J/18 [Turn over



12

8
9 (i) Findthefirst 3termsin the expansion of [Zx—%] in descending powers of x. [3]
1(1 .F
(i) Hence find the coefficient of x* in the expansion of [Zx—l—Gx] [—2+ 1] . [3]
X
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10 Do not usea calculator in thisquestion.

5+6v5
6++5 " 3l

(@ Simplify

(b) Show that 3°°x (vV2)"  can be written in the form avb, where a and b are integersand a > b.
[2]

(c) Solvetheequation x+ V2= % giving your answersin simplest surd form. [4]
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1
YA

27
y=16x+—=
X

|
X

O

The diagram shows part of the graph of y = 16x+ Q’ which hasaminimum at A.
X

(i) Find the coordinates of A. [4]
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The pointsP and Q lieonthecurve y= 16x+ Z—Z and have x-coordinates 1 and 3 respectively.
X

(i)  Find the area enclosed by the curve and the line PQ. You must show all your working. [6]

Question 12 isprinted on the next page.
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. d? 1 . .
12 A curveis such that d—g =(2x—5) 2. Given that the curve has a gradient of 6 at the point g : % ,
X

find the equation of the curve. [8]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

_ -b+Ab* - 4ac

2a

X

Binomial Theorem

n
1

n

n
5 aripZ+ ...+

(a+b"=a"+

where n is a positive integer and (n) nt

r- (n=r)!r!

2. TRIGONOMETRY
I dentities
SnPA+cosA=1
sec?A=1+tan?A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ c
snA~ snB ™ snC

a?=b?+c?2—2bccosA

_1, .
A—zbcsmA
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3
1 A BandC aresubsets of the same universal set.
(i) Write each of the following statements in words.

(& A¢ZB [1]

(b) AnC=0 [1]

(if) Write each of the following statements in set notation.

(@) Thereare 3 elementsin set A or B or both. [1]

(b) xisanelement of Abut it isnot an element of C. [1]
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2 Thevariablesxandyaresuchthat y=In(3x—1) for x > %
: ., dy
(i) Find ax [2]

(i) Hence find the approximate change in x when y increases from In(1.2) to In(1.2) + 0.125. [3]
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5

3 A 7-character password isto be selected from the 12 characters shown in the table. Each character may
be used only once.

Characters
Upper-case letters A B C D
Lower-case letters e f
Digits 1 2 3 4
Find the number of different passwords
(i) if thereareno restrictions, [1]
(i) that start with adigit, [1]

(iii) that contain 4 upper-case letters and 3 lower-case letters such that all the upper-case letters are
together and all the lower-case |etters are together. [3]
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4 Do not useacalculator in this question.

It isgiven that x+ 4 isafactor of p(x)=2x3+3x*+ax—12. When p(x) is divided by x— 1 the
remainder isb.

(i) Show that a =—23 and find the value of the constant b. [2]

(ii) Factorise p(x) completely and hence state all the solutions of p(x) = 0. [4]
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5 Thefunctionf isdefined by f(x)=—1—= for x> 25,

5
(i) Find an expression for f ~%(x). [2]
(i) Statethe domain of f ~1(x). [1]
(iii) Find an expression for f?(x), giving your answer in the form g)((j:g where a, b, c and d are
integers to be found. [3]
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40cm

xrad

O C B
16cm

In the diagram AOB and DOC are sectors of acircle centre O. The angle AOB is x radians. The length
of the arc AB is40cm and theradius OB is 16cm.

(i) Findthe value of x. [2]
(i) Find the area of sector AOB. [2]
(iii) Given that the area of the shaded region ABCD is 140 cm?, find the length of OC. [3]
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7 Differentiate with respect to x

(i) 4xtanx, [2]
N e3x+1
(if) 1 [3]
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8 An experiment was carried out recording values of y for certain values of x. The variables x and y are
thought to be connected by the relationship y = ax", where a and n are constants.

(i) Transform therelationship y = ax" into straight line form. [2]

The values of Iny and In x were plotted and a line of best fit drawn. This is shown in the diagram
below.

Inyj

[ =
9

w

(i) Usethe graph to find the value of a and of n, stating the coordinates of the points that you use. [3]

(iii)  Find the value of x when y = 50. [2]
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9 (i) Express 5x°—14x—3 intheform p(x+q)*+r, wherep, gandr are constants. [3]

(i) Sketchthegraphof y= |5x2 — 14x— 3| on the axes below. Show clearly any points where your

graph meets the coordinate axes. [4]
YA
0 ™
(iii) Statethe set of values of k for which |5x*— 14x—3|=k has exactly four solutions. [2]
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10 A particle moves in a straight line such that its displacement, s metres, from a fixed point O at time
t seconds, isgivenby s=4+cos3t, wheret> 0. The particleisinitialy at rest.

(i) Find the exact value of t when the particle is next at rest. [2]
(i)  Find the distance travelled by the particle between t = % andt= % seconds. [3]
(iii)  Find the greatest acceleration of the particle. [2]
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11 (a) Solve 10cos’x+3sinx=9 for 0° < x < 360°. [5]

(b) Solve 3tan2y =4sin2y for 0 <y < r radians. [5]
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12 Inthisquestion al lengths are in metres.

AN
— >

i

300 B

O -S-Ex

. —
—

A water container is in the shape of a triangular prism. The diagrams show the container and
its cross-section. The cross-section of the water in the container is an isosceles triangle ABC, with
angle ABC = angle BAC = 30°. The length of AB is x and the depth of water is h. The length of the

container isb.

(i) Show that x = 2+v/3h and hence find the volume of water in the container in terms of h. [3]
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15
(i) Thecontainer isfilled at arate of 0.5m3 per minute. At the instant when his 0.25m, find

(a) therate at which hisincreasing, [4]

(b) therate at which xisincreasing. [2]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++b* -4dac

2a

X

Binomial Theorem

n=any (Mo M _n2 2
(a+b)—a+1a b+2a b+...+r

) o n\_ n!
where n is a positive integer and(r)_—(n—r)!r!

2. TRIGONOMETRY
Identities
sn?A+cos?A=1
sec? A=1+tan’ A

cosec2 A=1+ cotZ A

Formulae for AABC

a _ b _ c
snA~ snB " sinC

a?=b?+c?-2bccosA

1 :
A—EbcsmA
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1 ) Show that cosfeotd+smi? = cosec . [3]

{ii) Hence solve cosfeotf+smf =4 for 0° = & = 90°. 2]
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2 (a) Onthe Venn diagram below, shade the region that represents AN B'.

€

[1]

(b) Theuniversa set € and sets P, Q and R are such that

(PUQUR) =g, P N(QNR) =g,
n(QNR) = 8§, n(PNR) =8, n(PNQ) =10,
n(P) = 21, n(Q) = 15, n(€) = 30.

Compl ete the Venn diagram to show this information and state the value of n(R).

€

Need a home tutor? Visit smiletutor.sg
© UCLES 2018 0606/22/M/J/18



5

3 Itisgiventha x+ 3 isafactor of thepolynomial p(x) = 2x°+ ax? — 24x+b. Theremainder when
p(x) isdividedby x-2 is —15. Find the remainder when p(x) isdivided by x+ 1. [6]
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4 Find the coordinates of the points wheretheline 2y —3x =6 intersectsthe curve XT + y@ =5. [9]
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7

(&) Four partsin aplay areto be given to four of the girls chosen from the seven girlsin adramaclass.
Find the number of different ways in which this can be done. [2]

(b) Three singers are chosen at random from agroup of 5 Chinese, 4 Indian and 2 British singers. Find
the number of different ways in which this can be done if

(i) no Chinese singer is chosen, [1]
(i) onesinger of each nationality is chosen, [2]
(iii) thethree singers chosen are all of the same nationality. [2]
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In the diagram, ABC is an arc of the circle centre O, radius 5¢m, and angle AOC is 1.5 radians. AD and
CE are diameters of the circle and DE isa straight line.

(i) Find thetotal perimeter of the shaded regions. [3]

(i) Find the total area of the shaded regions. [3]
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7 Vectorsi and | are vectors parallel to the x-axis and y-axis respectively.

Giventhat a=2i+3j, b=i-5 and c=3i+ 11j, find

(i) theexactvalueof |a+c

: [2]

(i) thevalue of the constant msuchthat a+ mb isparalel toj, [2]

(iii) the value of the constant nsuchthat na—b =c. [2]
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8 (a) A=[i :;] andB=[g :é].Find(BA)‘l. [4]

(b) Thematrix X issuch that XC = D, where C = [_g 1(5) i] andD=(—4 5 4).
(i) Statethe order of the matrix C. [1]
(i) Find the matrix X. [2]
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9 (i) Differentiate x*(vsinx) with respect to x. [4]
(i) Hencefind f<x+m+8x3(x/sinx)>dx 3]
Vsinx '
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10 (a) (i) On the axes below, sketch the graph of y=|(x+ 3)(x—5)| showing the coordinates of the
points where the curve meets the x-axis. 2]

YA

|

(i) Write down a suitable domain for the function f(x) =|(x+ 3)(x—5)| such that f has an
inverse. [1]

(b) The functions g and h are defined by

g(x) =3x—-1 forx > 1,

h(X)=§ for x 0.
(i) Find hg(x). [1]
(i) Find (hg)™(x). [2]
() Giventhat p(a) =b and that the function p has an inverse, write down p=(b). [1]
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11 (a) Find f\/32x—1dx.

) (i) Find fsin4xdx.

T

(i) Hence evaluate ffsjn4xdx.

8

Ing X
(c) Show that fo e3dx = 3.

13

[2]

(2]

[2]

[5]
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12 Inthisquestion al lengths are in centimetres.
The volume of a cone of height h and baseradiusr isgivenby V = %nrzh.

L_‘/(—S_‘/é T \/E-l—\/i’ tan%=2—\/1_3.

2= 2 513 4

-
-—rns T

/|
|

It isknown that sin

6

A water cup is in the shape of a cone with its axis vertical. The diagrams show the cup and its
cross-section. The vertical angle of the cone is % radians. The depth of water in the cup is h. The

surface of the water isacircle of radiusr.

(i) Find an expression for r in terms of h and show that the volume of water in the cup is given by

3
V:w' [4]
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(i) Water is poured into the cup at a rate of 30cm3s™. Find, correct to 2 decimal places, the rate at
which the depth of water isincreasing when h = 5. [4]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

_ -b+Ab* - 4ac

2a

X

Binomial Theorem

n
1

n

n
5 aripZ+ ...+

(a+b"=a"+

where n is a positive integer and (n) nt

r- (n=r)!r!

2. TRIGONOMETRY
I dentities
SnPA+cosA=1
sec?A=1+tan?A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ c
snA~ snB ™ snC

a?=b?+c?2—2bccosA

_1, .
A—zbcsmA
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3
1 A BandC aresubsets of the same universal set.
(i) Write each of the following statements in words.

(& A¢B [1]

(b) AnC=0 [1]

(if) Write each of the following statements in set notation.

(@) Thereare 3 elementsin set A or B or both. [1]

(b) xisanelement of Abut it isnot an element of C. [1]
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2 Thevariablesxandyaresuchthat y=In(3x— 1) for x > %
: ., dy
(i) Find ax [2]

(ii) Hence find the approximate change in x when y increases from In(1.2) to In(1.2) + 0.12¢. [3]
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3 A 7-character password isto be selected from the 12 characters shown in the table. Each character may
be used only once.

Characters
Upper-case letters A B C D
Lower-case letters e f
Digits 1 2 3 4
Find the number of different passwords
(i) if thereareno restrictions, [1]
(i) that start with adigit, [1]

(iii) that contain 4 upper-case letters and 3 lower-case letters such that all the upper-case letters are
together and all the lower-case |etters are together. [3]
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4 Do not useacalculator in this question.

It isgiven that x+ 4 isafactor of p(x)=2x3+ 3x*+ ax—12. When p(x) is divided by x— 1 the
remainder isb.

(i) Show that a =—23 and find the value of the constant b. [2]

(ii) Factorise p(x) completely and hence state all the solutions of p(x) = 0. [4]
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5 Thefunctionf isdefined by f(x)=—1— for x> 25,

5
(i) Find an expression for f ~%(x). [2]
(i) Statethe domain of f ~1(x). [1]
1 Find an expression ror X), giving your answer In the form ,wnere a, D, C an are
(i) Find jon for f2(x), givi in the f "é‘)’(‘j:é’ h b, c and d
integers to be found. [3]
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40cm

xrad

O C B
16cm

In the diagram AOB and DOC are sectors of acircle centre O. The angle AOB is x radians. The length
of the arc AB is40cm and theradius OB is 16cm.

(i) Findthe value of x. [2]
(i) Find the area of sector AOB. [2]
(iii) Given that the area of the shaded region ABCD is 140 cm?, find the length of OC. [3]
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7 Differentiate with respect to x

(i) 4xtanx, 2]
N e3x+ 1
(i) 5 [3]
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10

8 An experiment was carried out recording values of y for certain values of x. The variables x and y are
thought to be connected by the relationship y = ax", where a and n are constants.

(i) Transform therelationship y = ax" into straight line form. [2]

The values of Iny and In x were plotted and a line of best fit drawn. This is shown in the diagram
below.

Inyj

[ =
9

w

(i) Usethe graph to find the value of a and of n, stating the coordinates of the points that you use. [3]

(iii)  Find the value of x when y = 50. [2]
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9 (i) Express 5x°— 14x—3 intheform p(x+q)*+ r, wherep, gand r are constants. [3]

(i) Sketchthegraphof y= |5x2 — 14x— 3| on the axes below. Show clearly any points where your

graph meets the coordinate axes.

[4]

YA
0 ™
(iii) Statethe set of values of k for which |5x*— 14x— 3| =k has exactly four solutions. [2]
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10 A particle moves in a straight line such that its displacement, s metres, from a fixed point O at time
t seconds, isgivenby s=4+cos3t, wheret > 0. The particleisinitialy at rest.

(i) Find the exact value of t when the particle is next at rest. [2]
(i)  Find the distance travelled by the particle between t = % andt= % seconds. [3]
(iii)  Find the greatest acceleration of the particle. [2]
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11 (a) Solve 10cos’x+3dnx=9 for 0° < x < 360. [5]

(b) Solve 3tan2y=43n2y for 0 <y < r radians. [5]
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12 Inthisquestion al lengths are in metres.

AN
— >

i

300 B

O -S-Ex

. —
—

A water container is in the shape of a triangular prism. The diagrams show the container and
its cross-section. The cross-section of the water in the container is an isosceles triangle ABC, with
angle ABC = angle BAC = 30°. The length of AB is x and the depth of water is h. The length of the

container isb.

(i) Show that x = 2+/3h and hence find the volume of water in the container in terms of h. [3]
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(i) Thecontainer isfilled at arate of 0.5m3 per minute. At the instant when his 0.25m, find

(a) therate at which hisincreasing, [4]

(b) therate at which xisincreasing. [2]
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Cambridge International General Certificate of Secondary Education
0606 Additional Mathematics March 2019
Principal Examiner Report for Teachers

ADDITIONAL MATHEMATICS

Paper 0606/12
Paper 12

Key messages

Candidates are to be reminded of the importance of working to a suitable level of accuracy throughout a
question in order to be able to give their final answer correctly to the required level of accuracy. It is also
essential that candidates ensure that they have met the requirements of each question. In questions that
require the candidate to show a specific result, it is essential that each step of the solution is shown clearly.

General comments

There were many scripts of a high standard showing a good understanding of the syllabus and the correct
applications of the techniques required. Most solutions were set out clearly and, where the need arose, the
blank page in the question/answer booklet was utilised as intended, or extra pages were used.

Comments on specific questions

Question 1

€) In both parts of this question, it was essential that the correct notation was used. A single digit
answer was required as the question asked for the number of elements in the given sets. An
answer of the form {6} or {1} was therefore considered to be incorrect. However, most candidates
answered correctly.

(b) Most candidates were able to produce a correct Venn diagram with set P enclosed in set Q and
sets Q and R separate.

(c) Any correct answers were acceptable, with most candidates obtaining at least one of the results
given below.

Answers: (a)(i) 6 (i) 1(c) S'UT or (SUT) and (XNY)u(XNZ)or X (Y uZ)

Question 2

The following criteria were needed to gain marks: a maximum point in the first quadrant, intercepts on the
axes either labelled or written below the graph, cusps on the x-axis and a correct shape of the curve for

1 . .
X < =3 and x > 3. Marks were usually lost when the cusps were drawn as stationary points and the outer

parts of the curve were the incorrect shape. It is suggested that the graph of the quadratic equation without
the modulus is drawn faintly or with construction (dotted) lines to start with. A reflection in the x-axis should
then ensure the correct shape throughout. The appearance of such construction lines will not be penalised
but seen as an aid to obtaining a correct sketch.

Question 3

0] Most candidates were able to obtain the first three terms of the required expansion. There was the
occasional arithmetic slip or sign error in some cases. It must be noted that a few candidates chose

to take out a factor of 3, giving their final answer as 243 —54x +5x°. These candidates had not
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answered the question correctly, not understanding that a factor of 3 could only be taken out if the
final answer was written as 3(243 —54x + 5x2).

2
(i) A correct expansion of (x —Ej was obtained by most candidates and then used correctly with
X

their answer to Part (i) to obtain the two terms independent of x which would then lead to the final
answer.

Answers: (i) 729-162x +15x2 (ii) —2856

Question 4

() The majority of candidates recognised the notation p’(x) and used it correctly with the remainder
theorem to obtain the given result.

(i)  The factor theorem was used by most candidates to obtain a second equation in a and b. This
equation, together with the given result from Part (i), were usually solved correctly.

(iii) It was intended that candidates use either algebraic long division or observation to write p(x) in
the required form. Some candidates chose to use synthetic division. This method will only be
correct if the resulting extra factor of 2 (the result (2x —1)(2x2 +28x + 49) is obtained) is taken into

account. Candidates must be careful when using synthetic division by a factor of the form ax +b
where a = +1or 0.

(iv) This is an example of where some candidates did not take note of the demand of the question. The
demand was to factorise p(x). Some candidates factorised Q(x) only and some chose to write

down the solutions to p(x)=0.
Answers: (i) a=27, b=84, (iii) (2x—1)(x2+14x+49) (iv) (2x-1)(x+7)?

Question 5

0] The product rule for logarithms was applied appropriately by the majority of candidates to obtain
the correct result.

(i)  The product rule and the power rule for logarithms were applied appropriately by the majority of
candidates to obtain the correct result.

(ii)  Many candidates did not obtain full marks for this part of the question as they did not answer the
guestion completely. Most obtained the correct result of p = % but some candidates stopped at

this point and gave a final answer of 0.17. Candidates should be guided by the mark allocation. In
this case there is a mark allocation of 3 marks which is too generous for the solution of a simple
linear equation. Of those candidates that did continue and solve to obtain a value for x, most were
successful, giving their final answer to the required level of accuracy.

Answers: (i) 2+p (i) 7p—4 (iii) 1.26
Question 6
@) An answer of products of two matrices was expected. Those candidates that gave the extra

answers of CBA and AA were not able to obtain credit for these answers but are to be commended
on recognising that these were valid options.
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(b) (1) Most candidates obtained a correct inverse matrix.

(i) A few candidates did not take note of the word ‘Hence’ in the instruction to find the matrix Z. Using
a method involving the solution of four simultaneous equations in four unknowns was not an
acceptable answer. It was intended that pre-multiplication of the given equation by the inverse
matrix obtained in Part (i) was used. Many candidates did just this, with very few instances of post-
multiplication being seen.

Answers: (a) BA and CB (b)(i) %(_2 2] (ii) %[_12 _2]

Question 7

It was essential that no use of calculators was made in this question. It was therefore necessary that each
step in the working of the solution be shown.

0] Most candidates used either the area of a trapezium or the area of a triangle and a rectangle with
sufficient evidence of expansion without a calculator to obtain the correct result.

(i)  Most candidates were able to obtain cotd = or equivalent. Some errors in the length

4
10-2\5
involving DC were made, but this did not preclude the awarding of a method mark for a correct
attempt at rationalisation. This was another part of the paper where some candidates did not read
the requirements of the question and did not give their final answer in the required form. A check
on this should be made at the end of each question.

Answers: (i) 10 +22+/5 (i) %Jr%

Question 8

(a) (i) There were quite a few candidates who did not appreciate the fact that when a particle is travelling at
constant velocity, the acceleration is zero. It was not intended that the gradient at the instant t =5
be calculated, although if it was done correctly the mark was awarded.

(i) Most candidates realised that they needed to find the total area under the graph. There was only the
occasional arithmetic slip made by some candidates.

(b) (i) This part of the question was intended to test whether candidates were aware of the difference
between velocity and speed. Unfortunately, there were many incorrect answers of —2.5.

(ii) This part of the question was intended to test whether candidates realised that they needed to be
working in radians as well as the need for differentiation. Fortunately, there were many completely
correct solutions. It should be noted that some candidates, when choosing not to give an exact
answer, did not give their final answer to the correct level of accuracy.

Answers: (a)(i) 0 (i) 110m (b)(i) 2.5ms™ (i) gor0.785

Question 9

0) Very few incorrect solutions were seen, with most candidates making correct use of the area of the
sector to obtain an expression for the angle of the sector first and then making use of the arc length
and the radius to obtain the given result for the perimeter. It should be noted that candidates should
be working in radians for efficiency, but as this was not a requirement of the question, those that
chose to work in degrees were not penalised.

(i)  Most candidates realised the need to differentiate the expression for the perimeter and equate it to
zero to find the value of r for which the perimeter has a stationary value. This was another example
of candidates not reading the requirements of the question as many lost a mark by not finding this
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value of P. It was also essential that working be shown to determine the nature of the stationary
point. Most chose to use the second derivative method and arrive at the correct conclusion
appropriately. If the second derivative method is not being used and the method of inspection of
the gradient either side of the stationary point is being considered, it is essential that candidates
make this clear, usually by using a table which has clear headings.

Answer: (ii) 24, minimum

Question 10

2
Answers: (i) y =e* +3%+8x—6 (ii) y+2.26=—i(x—ij

(i)

(i)

There were many completely correct solutions to this part, with candidates integrating correctly and
making correct use of arbitrary constants. Candidates must ensure, however, that they give their
final answer as an equation as required, not as an expression.

Apart from those candidates that mistakenly thought that the gradient of the tangent was 10, most
applied a correct method. The final accuracy mark was not awarded if the correct level of accuracy
was not used. Answers in exact form were acceptable as were unsimplified answers as the form of
the final answer was not specified..

12 4

Question 11

(@)

(b) ()

Answers: (a) 0°,45°,135°,180° (b)(ii) J_rg, + 3%

95

(if)

Most candidates were able to obtain at least one mark in this part of the question, by obtaining an
equation in terms of sinx and cosx together with one correct solution. Too many candidates
divided their equation through by sinx and thus did not consider the solutions of the equation

: . : . 1 :
sinx = 0. Some candidates were also unable to obtain both solutions to cosx = +—, not having

NG

. . . 1
considered the solution obtained from cosx = ———.

V2

Many correct solutions were seen with most candidates showing enough working to obtain the
given result.

Most candidates realised that they needed to use the result from Part (i) and hence attempted to
. 1 . .
solve the equation cos36 = > It was pleasing to see that many candidates are now a lot more

confidant in dealing with negative angles. Most chose to leave their answers in terms of «.

5n
9
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ADDITIONAL MATHEMATICS

Paper 0606/22
Paper 22

Key messages

To succeed in this examination, candidates need to be able to interpret and use all the information given in a
problem. Candidates should read each question carefully and identify key statements. Candidates also need
to show sufficient method so that marks can be awarded. Candidates need to be aware of instructions in
guestions such as ‘...showing all your working’. Such instructions mean that when a solution is incomplete,
often through calculator use, a significant loss of marks will result. Candidates should ensure that their
answers are given to at least the accuracy demanded in a question. When no particular accuracy is required,
candidates should ensure that they follow the instructions printed on the front page of the examination paper.
Candidates need to take care to ensure that their calculator is in the appropriate mode when working with
trigonometric expressions.

General comments

Most candidates were well prepared for this examination and many excellent solutions were offered.
Candidates were able to recall and use manipulative technique when needed. Most candidates were also
able to formulate problems into mathematical terms and select and apply appropriate techniques of solution.

The presentation of work was generally clear and logical. Some candidates made good use of the blank
pages at the end of the paper or used additional paper. This ensured that their work was legible and could
be marked. Candidates who did this usually added a note in their script to indicate that their answer was
written, or continued, elsewhere. This was very helpful.

Many candidates offered complete solutions, with all working shown. Candidates who relied on their
calculator to solve equations or evaluate definite integrals, for example, often lost marks. This was because
key steps in the method, which were required, were omitted. Showing clear and full method is essential if a
guestion asks candidates to ‘Show that...” a result is in a particular form. This instruction indicates that the
answer has been given and that the marks will be awarded for the method. Working back from the given
answer is rarely successful in this case. The need for this was highlighted in Questions 2(i) and 7(i) in this
examination.

When candidates are required to ‘Explain why’ something is valid or correct, it is important that any
explanation is not contradictory or does not contain incorrect statements. This was required in Questions
7(ii), 9(a)(i) and 9(b)(iii) in this paper.

In order for final answers to be accurate to three significant figures, working values must be given to a
greater accuracy. This avoids a premature approximation error. This was evident in Question 2(ii), 10(ii)
and 11(b)(ii) in this paper.

Most candidates attempted to answer all questions. Candidates seemed to have sufficient time to attempt all
questions within their capability.
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Comments on specific guestions

Question 1

Generally, this question was well answered. A few candidates reversed the answers to Parts (i) and (ii). The
most common error was to find *°Cs in Part (iii).

Answers: (i) 1081575 (ii) 40320 (iii) 2730
Question 2

0] Almost all candidates understood the need to apply the quotient rule, or rearranged correctly and
used the product rule. Most earned 3 or 4 marks. The few candidates who were attempting to work
back from the given answer often stated the derivative of €* as xe*. Some candidates omitted
brackets or did not show convincing working to find the given answer. A few candidates omitted to
state the given answer as part of their solution. This was penalised.

(i) A good number of candidates found the value of the derivative when x = 2 and evaluated this to at
least 3 significant figures, as needed. The solution was usually completed by multiplying this by h.
A few candidates rounded the value of the derivative when x = 2 to fewer than 3 significant figures
and seemed to be applying the idea of approximation to the answer when, in fact, the method
being used was the approximation.

Answer: (ii) —0.0261h
Question 3

0] Some excellent sketches were seen, with candidates taking care over the axis of symmetry of the
curve as well as the y-intercept and amplitude. A few candidates initiated their sketch at the correct
point but then clearly used the x-axis as the axis of symmetry. Most candidates attempted a graph
of correct period and only a few sketches had incorrect amplitude.

(i)  Almost all candidates answered this part correctly. Those few who were incorrect usually arranged
the three values in a different order.

Answer: (ii) a=-1,b=5,¢c=3
Question 4

@) Candidates all understood that the brackets on the left needed to be expanded and the terms
collected. Mostly this was managed correctly. Occasional sign slips were made and a few
arithmetic errors were seen. The majority of candidates were able to find the critical values for their
quadratic expression and most of these were able to give an inequality of the correct form for their
answer. When stating critical values, it may be less confusing for some candidates to write, for
example,

CV:x=-1,x= % , @as many better candidates did. This may have reduced the errors made by a few

candidates who wrote, for example, CV: x < -1, % which they then stated as their answer.

(b) The majority of candidates used the given equation, correctly wrote down the values for a, b and ¢
and applied b2 — 4ac. Most of these candidates were able to find the discriminant as —1. The best
candidates understood that, as the value was independent of k, there were no real roots whatever
the value of k. Indication of this was required for full marks to be given. A few candidates multiplied
through by 4 and worked with x? + 4kx + 4k? + 4 = 0. This was allowed. Some of these candidates
did not multiply through correctly and this was not permitted as it was unnecessary. A few
candidates were unable to state the correct a, b and c. These candidates usually included xs in
their expressions or incorrectly grouped the x? and k? terms, for example.

Answer: (@) -1 < x< %
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Question 5

In this question, candidates needed to apply problem solving skills and work their way through the correct,
multi-step solution. Care needed to be taken at all stages to ensure that the information given was used in
the correct way. Most candidates were able to correctly find the gradient of AB. A few candidates inverted
the calculation and usually did this consistently, appearing to have a correct solution as they had made a
repeated error. Almost all candidates understood that the gradient of CD could be found using the product of
the gradients being equal to —1. Many candidates then either formed an equation using the gradient in terms
of k or formed the equation of the line CD and substituted x = 3. A good number of candidates found the x-
coordinate of D in this way. At this point in the solution, a few candidates would have benefitted from
rereading the question to check which equation they were trying to find. While many candidates went on to
state an acceptable form of the correct equation, a few found the equation of CD or AB rather than the
perpendicular bisector. These candidates usually omitted to find the mid-point of CD. Some candidates used
an incorrect gradient, after finding the mid-point correctly.

Lo 3( 13)
Answer: y= 5 x—?

Question 6

() This part was almost universally correct. A few candidates omitted brackets and stated
Iny =InA + Inbx. This was penalised unless there was clear evidence that Iny = InA + (Inb)x was
intended.

(i)  Many candidates would have benefitted from rereading the question as the equation of the line of
best fit was often omitted. Some candidates needed to take more care with the form of the line of
best fit as, after stating Y =1.4X + 2.2, they often stopped and did not replace Y with Iny. Many
candidates did not round their correct values of A and b to 1 significant figure, as required. A few
candidates used points which were not on the line, commonly (0.8, 3.4), to find the value of m
and/or c. This was not permitted. Some candidates needed to take more care with reading the
scale when reading the value of the y-intercept as it was often stated as 2 or 2.1. Occasionally the
value of the intercept was calculated using their gradient instead of reading it from the graph. This
introduced an unnecessary opportunity to make an error. Weaker candidates tended to confuse A
with InA and b with Inb. A few weaker candidates anti-logged by incorrectly using the base 10 or
worked with Ig throughout, instead of In.

(iii)  The simplest method of solution for this part was to use the graph to find Iny =6 when x=2.7 and
then anti-log. This method was not dependent on having the correct values for A and b. A few
candidates did this, although most used the exponential or logarithmic equation they had found.

Answers: (i) Iny=InA+xInb (ii) Iny=1.4x+2.2; A=9, b=4 (iii) y=400

Question 7

0) A good number of candidates earned full marks for this part. A few made slips with the 2 or the %

when applying the chain rule to vx? +1 , but this was not common. A few candidates were unable
to manipulate their unsimplified answer to the form required. Again, this was not common.

(i)  This was very well answered with a high proportion of candidates earning both marks. A few
candidates gave at least a partially correct explanation. Some candidates gave more comment
than was required and made an error. Those candidates who kept their solutions simple and stated

that g_y =0 at a stationary point and that it was not possible for 2x2 to be -1, were the most
X

successful.
2
Answer: (i) d—yzM
dx 1

(x? +1)2
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Question 8

(i)
(i)

(iii)

This part was almost universally correct.

A good number of correct solutions were seen. Some candidates misunderstood the ratio and

attempted to work with AC = 3CB . Candidates who formed a proportion % :% usually avoided

this error. A good proportion of candidates were able to form a correct vector route to find ocC.

Some candidates, again, should have reread the question as, having found ocC they did not
complete the solution. Most candidates who attempted to find the unit vector were successful. A
few candidates multiplied by the magnitude of the vector, instead of dividing by it. A few other
candidates seemed to think the magnitude was the unit vector.

Again, a good number of correct answers were seen. Some formed DA and then negated it.
Others used the route OD —OA successfully. Weaker candidates often misread their own writing,

using OD as AD or omitted to understand that AD was a fractional part of OA as they multiplied

by A only. Candidates who were unable to successfully interpret the ratio in Part (ii) generally
repeated the error in this part.

Answers: (i) 4i - 16] (i) >—3) i) )L_i”l(Zi + 12))

J73
Question 9
@) (i) The simplest explanations offered were based upon each x is mapped to a unique y, therefore a

(i)

(iii)

(iv)

(b) (1)

(i)

function, and the function being many-one, therefore no inverse. Most candidates were able to
state a satisfactory reason to explain why the function had no inverse but very few candidates
justified the mapping being a function. Weaker candidates commented that as it had input and
output it was a function or tried to find the inverse function and comment on issues with the
domain. This was not accepted as the inverse did not exist in this case. A few candidates were
unclear in their comments as to whether they were considering g or its inverse. It was not
uncommon to suggest ‘it is one-many’, for example.

An excellent number of correct expressions were stated for the composite function and its domain.
A few candidates needed to take more care as 6(6x*+ 5) + 5 was not an uncommon incorrect
answer amongst those seen. Weaker candidates occasionally stated the answer (6x* + 5)2.

This part proved challenging for many. A reasonable number of correct answers were seen, but the
most common incorrect answer offered was 5.

Again, this proved to be challenging. Some candidates misinterpreted the phrase For this value

of k. Rather than understanding that this required the negative fourth root to be taken, many found
the value of their expression for the inverse of h when x was either 5 or 0. Some candidates
remembered to take + the fourth root. Most of these omitted to discard the positive root, however.

Most candidates earned 2 marks and this was usually for giving an answer of h™(x) = 4 /XT_S .

A good number of correct answers were seen. A few candidates made a slip with the inequality
sign and p < 2 was not uncommon from these candidates. Weaker candidates offered p > 5 or
similar or simply stated p was real.

Candidates who took care with the graph of y = p(x), making sure that the y-intercept and the
asymptote were correct before reflecting in the line y = x usually earned all 3 marks. Those who
drew the asymptotes on the diagram were more successful than those who did not. This was often
the feature that was missing, with many curves tending to the x-axis and the y-axis. A good number
of candidates sketched a graph of the correct exponential shape and usually indicated that they
understood that all that was required to sketch the inverse function was to reflect it in the given line.
Some candidates unnecessarily found the rule for the inverse function and this was, on occasion,
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unhelpful, as the graphs they sketched were not symmetrical. A few candidates ignored the given
line and reflected their p(x) in the x-axis.

This part of the question was very well answered, with almost all candidates understanding the
connection between the graphs and the equation given.

Answers: (a)(ii) 6(6x*+5)2+5; all real x (iii) 0 (iv) h‘l(x):—4fxg5 (b)(i) p>2

Question 10

0]

(i)

Many fully correct answers were seen to this part of the question. Most candidates used the
suggested substitution and found a pair of values for u. This usually resulted in a fully correct
solution. A few candidates square-rooted their values for u, instead of squaring them or simply
restated them as the values of x. Occasional slips were made in simplifying the initial equation.
Many candidates who did this stated no method of solution, solving using their calculator. These
candidates were penalised. It is important to show how the solutions to any quadratic equation
have been found.

Candidates used various approaches to answer this part. Most commonly the difference between
the area under the curve and the area of the trapezium was attempted. A good number of
candidates offered fully correct and complete solutions, showing all key method steps, as required.
Some candidates should take care with the accuracy of working values. These candidates made
premature approximation errors, rounding their areas to 2 or 3 significant figures, before calculating
their final difference of areas. The final answer was often given to 2 significant figures, when at
least 3 were required. However, in this case, it was possible to work with exact values and state the
exact answer. Those who insist upon rounding should write down a more accurate answer, before
attempting to round, to avoid a possible loss of accuracy mark. Only a few candidates stated the
integral they were attempting to find without any integration of terms being seen or without a
difference of values, such as F(4) — F(0.25), being found. Candidates who worked out the
difference of the expressions and then integrated were unlikely to make rounding errors. However,
some candidates did not choose the correct values from Part (i) for their upper and lower limits.
This error was also compounded by candidates who integrated to find the area under the line

instead of using %(a+ b)xh.

Answers: (i) A(0.25, 3.75), B(4, 15) (i) 2.8125

Question 11

(@)

(b) (1)

(i)

A good number of candidates understood the need to simplify the expression before integrating
and were able to do this successfully. Some of these candidates thought that x? x x6 =x*2, It was a
requirement that candidates stated the constant of integration in their answer. Many candidates
omitted it and were penalised in this part of the question. The very weakest candidates attempted
to integrate each term in the numerator and the denominator offering answers such as

x3(x7 ]
EAT ATV
3\7 )

X7

7

This was well answered with almost all candidates stating the answer as a multiple of sin(46-5). A
few candidates had clearly differentiated but most candidates were fully correct in their answer. A
few candidates earned M1 only for having the negative of the correct answer or for multiplying by 4.

A reasonable number of fully correct solutions were seen. As candidates were directed to use the
previous part of the question to answer this part, they needed to show full method to indicate that
they had done so. Many candidates earned the method mark for a correct substitution of limits
which was shown. Some candidates needed to take more care with the accuracy of their final
answer. These candidates should, perhaps, write down a more accurate answer to the question
before attempting to round. This may avoid the loss of an accuracy mark. Other candidates needed

to take care over their presentation as they omitted brackets. A few candidates were working in
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degrees, which was not valid here. These candidates may do better if they checked the mode of
their calculator at the start of each question. A few candidates gave a choice of answers in degrees
or radians. This was not condoned.

Answers: (a) §—3i3+c b)) whc) (i) 0.0353
X
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Grade thresholds taken for Syllabus 0606 (Additional Mathematics) in the March 2019 examination.

minimum raw mark required for grade:

maximum raw
mark A B C D E
available
Component 12 80 66 49 32 25 18
Component 22 80 62 49 37 32 27

Grade A* does not exist at the level of an individual component.
The maximum total mark for this syllabus, after weighting has been applied, is 160.

The overall thresholds for the different grades were set as follows.

Option Combination of Ax A B C D E
Components
AY 12,22 148 | 128 98 69 57 45
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1(a)(i) 6 Bl
1@ |1 B1
1(b) 2 | B1for P contained within Q
B1for Q and R separate
Q R
1<) S AT or (SUT) oe Bl
(XNY)u(XnZ) Bl
or XN(YuZ) oe
2 4 | B1for general shape with maximum point in
1st quadrant
B1for (—%,0} and (3,0) soi
B1for (0,3) soi
B1 dep on first B1, with cusps and correct
shape for x<—% and x>3
3(i) 729-162x+15x 3 | Blfor 729
B1for —162x
B1 for 15x2
Mark final answer
3(ii) 4 Bl 2
(729—162x+15x2)(x2 —4+?j for expansion of (x—zj
X
Term independent of x = —2916+ 60 M1 | for attempt to find independent term, must be
considering 2 products using their answer to
part (i)
=—-2856 Al
A(i) p'(X)=6x"+2ax+b B1| for p'(x)=6x"+2ax+b
p'(-3)=54-6a+b, =-24 B1 | must be convinced of correct substitution
leading to 6a—b =78 and simplification
AG
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4(ii) 1.2 a b M1 1
= li=+=+—=-49=0 for attempt at p| = | equated to O
p(zj 8 4 2 P p(zjeq
6a—-b=78 M1 | M Dep on previous M for attempt to solve
a+2b=195 oe both equations
leading to a=27 Al
b=84 Al
A(iii) (2x—1)(x2 +14x + 49) 2 | M1 for factorisation by observation or by
long division
AV) | (2x-1)(x+ 7Y B1
5(i) log,16+log, p M1 | for dealing with product correctly
2+p Al
5(ii) 7log, x—log, 256 M1 | for dealing with power and division correctly
p-4 Al
5(iii) 2+p-(7p-4) =5 M1 | for use of parts (i) and (ii) to obtain avalue
. 1 for p
leadingto p==
6
% M1 | for correct attempt to deal with log, in order
S0 x=4 to obtain x
x=126 Al
6(a) BA and CB 2 | B1for one correct product of 2 matrices
B1 for a second correct product of 2
matrices, with no other incorrect products
6(0)() 1 3 2 oe 2 B1for 1 Soi
16\-5 2 16
3 2
B1for [ j
-5 2
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6(b)(ii) X Ix7 = Xty M1 | for pre-multiplication by their inverse matrix
- 1( 3 2\(4 1
“16l-5 2){2 O
attempt at matrix multiplication M1 | M1 Dep on previous M mark, must have at
least 2 correct elements
1( 16 3 Al
Z=— oe
16\ -16 -5
7(3i) 1 M1 | for acorrect method of finding the area of the
Area= E(8+ 6v5)(10-2V5) trapezium
=10+ 225 A2 | Alfor 10 with sufficient working seen
Alfor 224/5with sufficient working seen
7(ii Bl
(i cotd = 4
10-2y5
4(10 +2 \/g) M1 | for attempt to rationalise an expression for
= cot @, some evidence of expansion must be
(10— 2\/5)(10+ 2\/5) seen
135 Al
2 10
8(a)(i) 0 Bl
8(a)(ii) Areaunder curve = M1 | for attempt to find the total area under the
%(2><10)+(4x10)+%(10+ 20)x 4 oraph
=110 Al
8(b)(1) When t = % v=-25 M1 for substitution of t = % and correct
attempt to evaluate
Speed = 2.5 A1l | must be positive
8(b)(ii) a=6cos2t M1 | for differentiation to get acceleration, must
be of the form mcos2t
When acceleration = 0, cos2t =0 M1 | M Dep on previous M mark for equating to
zero and correct attempt to solveto get a
solution in radians.
t= % or 0.785 Al
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(i) lrza _136 M1 | for use of the area of the sector
72
0=—
r.2
P=2r+rf M1 | for attempt to find P making use of the area
B_or +7_2 A1l | for attempt to simplify to obtain AG
r
9(ii) d_P 5 72 M1 | for attempt to differentiate to obtain the form
—c 2
dr r a+r£2 and equate to zero
When ?j—P =0,r=6 Al
r
P=24 Al
PP 144 o B1 | FT ontheir positiver, for a correct method
a? =3 positive so minimum to determine the nature of the stationary point
leading to a correct conclusion.
If the second derivative is evaluated, it must
be correct for their r.
10(i 2 | M1for att t to integrate to obtain the f
(i) %:2e2x+3x (+c) mezxoi nXemp 0 integrate to obtain the form
Alall correct
c=8 M1 | M1 Dep on previous M mark for attempt to
getc
o 3K 2 | M1 for attempt to integrate again to obtain
y=e"+=-+8x (+d) theform pe® + gx® (+rx)
A1l all correct, FT ontheir ke* and their ¢
d=-6 M1 | M1 Dep on previous M mark for attempt to
getd
2 Al
y=¢e* +3%+8x—6
Need a home tutor? Visit smiletutor.sg
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10(ii M1 : .
(i) When x = % , y=-2.26 for attempt to obtain both y and % using
X
dy _ 120 their work from (i)
dx
1 1 2 | M1 Dep on previous M mark for attempt to
y+2.26= T obtain the equation of the normal
A1l dlow unsimplified, must be using correct
accuracy or exact equivalents.
11(a) 2sin x(c052 X— 1) -0 M1 | for obtaining in terms of sin and cos to obtain
one solution correctly
snx=0, x=0° 180° B1| for x=0° 180°and no other in the given
range for the solution of this equation
COSX= 4L x—45°, 135° Al for x=45°, 135° and no other in the
V2 given range for the solution of this
equation
11(b)(i) 1 sin?%g M1 | for dealing with cot and sec
cosf  cosd
cos? 0 M1 | for correct use of identity
cosé
cosé Al | for al correct working to gain AG
11(b)(ii) 30— 1 M1 | for use of part (i) and attempt to solve
cos30 = N correctly to obtain a positive angle, may be
- implied by one correct solution
0=—or —
9 9
0= 5n T M1 | for use of part (i) and attempt to solve
T 9 or - 9 correctly to obtain a negative angle, may be
implied by one correct solution
g+ . 5n A2 | Alfor one correct pair of solutions
"9’ T g Al for asecond pair of solutions with no
extra solutions within the range
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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13) 1081575 B1
(i) 40320 B1
(iii) 2730 Bl
2(i) d (Inx) 1 d (ex) _ B2 | B1for each

— ==, —\ /=¢" s0i

dx X dx

M1
exxtheir}—(lnx)xtheireX

dy _ X

dx (ex)2

correct completion to given answer, Al

dy 1-xInx

dx xe*
2(ii - M1
(if) 6y=[1 2|2n2jXh i

2¢

—0.0261][...]hisw Al

3(i) Fully correct curve B3 | B1 for correct shape for sine with y-

-~

6

y

Y A T N T

intercept at —1
B1 for curve with period 120°
B1 for curve with amplitude 5

Maximum of 2 marksif not fully
correct.

3(ii) a=-1 b=5 ¢c=3

B2 | B1for any 2 correct

4(a) Expands, rearrangesto form a M1
3-term quadratic on one side
4x* + x—3[*0]
Al

Critical values % and -1

A1l | FT their critical values

© UCLES 2019 Page 4 of 10
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4(b M1
®) k2—4(5j(k2+1)
4
-1 Al
discriminant independent of k and negative oe Al | FT their -1
° [My =] 2+4 oeor _3 SO M1
w7
. . M1
[Mep =] their = og, soi
. M1
the|r3=£oeor
.2
3+3= theurg(x—Z) oe
k=11 nfww Al
((theirll)+2 3+—3j e M1
2 b2
: Al | FT thei d (their 6.5, 0
y=—§(x—6.5) oeisw @ir Mg and (their )
6(i) Takes logs, to any base, of both sides and applies M1
the addition/multiplication law for logs
Iny=In(Ab*) = Iny=InA+Inb*
=Iny=InA+xInb Al
6(ii) Iny=14x+2.20e B2 | Blforeither m=14orlnb=14o0rc=
or Iny=xin4+1n9oe 2.20r
INnA=22
[A=e""22 ]9 and B2 | FT their 2.2 and their 1.4
b=gherid 14 ] ,
[ ] BLFT for A=€""?? or b=€"™"* or
correct FT decimal rounded to more
than 1 sf
6(iii) Iny=6 M1
or y=their9(their4*")
or y — etheir 22 (etheil’l.4x2.7)
or Iny=theirl.4(2.7) + their2.2
or Iny=(2.7)In(their 4) + In(their 9)
awrt 400 correct to 1 sf Al
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0 | g 1 L B2 d 2
&( X2+1)=§(x2+1) 2 % 2X B1 for &( X +1)=lx(X* +1) 2
wherek = 1
VX2 +1 M1
1 1
+ x><their(—(x2 +1) 2 % ZXJ
2
[g _} 2 +1 Al
dx 1
(x2 +1)2
1
ora=2,b=1,p= > nfww
7(ii) Complete argument B2 | FT their positiveaand b
. . dy
e.g. For stationary points poi 0 and when a and B1FT for apartially correct argument
b are positive, ax? +b cannot be 0 e.g. Because d cannot be 0.
or 2x? cannot be -1 dx
8(i) 6i —4j —(2i +12j) oe M1
4i —16j oe, isw Al
ii 7= 1-— M1
8(1) [oc :JOA+1AB oe
4
or [O_C :}O_B'—Eﬁé oe
4
or [OC =] 708 + SOAoe
4 4
or 3(x—2)=6-x and
y-12)=-4-y
3i+8j oe Al
[OC| = Viheir3? + theirg’ M1
their 38 AL | FT their 3i +8j and their /73
J73
, B2 . :
(i) —L(Zi +12j) oe, isw B1for i(z +12j)seenor
1+ 4 1+ 4
OD = (2 +12]) oe
1+
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9(a)(i) Valid explanation e.g. B2 | B1 for either each x is mapped to a
Each x is mapped to a unique value of y [and so g unique value of y oe or for inverse does
isafunction] but the inverse does not exist not exist because it is many to one oe
because it is many to one oe
9(a)(ii) [gz(x) :J 6(6x* +5)* +5 isw B2 | B1for [gz(x) :J 6(6x* +5)* +5 isw
for al real x B1 for correct domain
9@)(iii) |[k=]0 Bl
9(8-)('\/) X4 _ y-— SOi M1 or y4 :_X_S
6 6
_ Al [x—
x=+4Y S ory=J_r4X S
6 6
L x—5 Al | If M1 AOADO, alow SC1 for an answer
=09 =—4 6 h-t X-5 x-5
of h~(xX)= or y=
=4 5 y=4 5
9(b)(i) p>2 Bl
9(b)(ii) | Forp: B2 | B1for each
Correct exponential shapetendingto y=2
passing through (0, 5)
For the inverse function: Bl
Approximate reflection of p in the dotted line
passing through
(their 5, 0)
9(b)(iii) | Valid explanation e.g. B1
The graphs do not intersect and so there are no
solutions oe
10(i) Eliminates x or y e.g. M1
3X+3=X+5VXx+1
or 3+3u’=u’+5u+1
Rearranges to a 3-term quadratic e.g. Al
0=2x-5Jx+2
or 0=2u*-5u+2
Factorises or solves 0= 2x—5Jx + 2 oe M1
or 0=2u®-5u+2o0e
Jx=05, /x=2 Al
oru=05,u=2
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Marks

Partial Marks

A(0.25,3.75) B(4,15) oe

A2

Alforeachorforx=025andx=4
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10(ii) Method 1: Finding the area of the trapezium and subtracting

Valid method to find the area of the trapezium soi M1
1125 or 35E or 35.2 or 35.15625 rot to 4 or Al

32 32
more figs, soi
Attemptsto integrate M1

their 4 .
j T (x+5yx +1) dx[~their35.2]

their 0.25

3 their 4 Al
X2  b5x2 .
7-{-3—4‘ X [—the|r352] oe
o
their 0.25

F(their 4) — F(their 0.25) [-their35.2] M1
45 or 2E or 2.8125 isw Al
16 16
or 2.81, or 2.812
Method 2: Finding the difference of two integrals
Attempts to integrate M2 | M1 for an attempt to form the

their 4 difference with at most one error and
jtharo.zs(x +5Yx+1-(3+ ) ok attempts to integrate

their 4
orI (_ar (—2x+5& —2)dx oe
their 0.25
3 their 4 Al FT
| —ox® Bx2 dep on at least M1 already awarded;
their —+7_2X oe must be at least 3 terms and, if FT, must
2 _ be of equivalent difficulty
their 0.25

F(their 4) — F(their 0.25) M1
E or 21—3 or 2.81, 2.812 or 2.8125 A2
16 16
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11(a) ¥+ o, 1. Bl
T =X +F SOl
3 ox3 B2 | B1 for any two out of three terms
—+—+C 0€,isw correct
3 -3
11(b)(i) ksin(46 —5) where M1
k>0o0r k= 1
4
' - Al
sin(46 -5) (+0)
4
11(b)(ii) | sin(4(2)-5) sin(4(1.25)-5) M1 | FT their (b)(i), dep on M1 awarded in
4 4 (b)(i)
or sin(3) sin(0)
4 4
0.0353 or 0.03529[ ...] oe, cao Al
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

=—biVb2—4ac

2a

X

Binomial Theorem

n
1

n

n
5 arZp2+ ..+

(a+b=a"+

n
r

n!

where n isapositive integer and ( = (GERIE

2. TRIGONOMETRY
Identities
SNPA+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ ¢
snA ™ snB " snC

a?=b?+c2-2bc cos A

1 )
A—ébcsmA
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1 {a) Caven that E=1{x:1<_x<20},
A = {pmltiplaz of 3},
B = {omltiples of 4},

{i} ﬂl:-'!:':

(i 1] n{dnE).

b} Onthe Venn diagram below, draw the sets P, 0 and B muchthat PC @ and ONE = &L

€

(c) Using set notahon, descnbe the shaded areas shown m the Venn diagrams below:

()

& UCLES X9 DEMGTEE NS

11
11
2]
X / - _\ ¥
z
2]
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4

2 Onthe axes below, sketch the graph of the curve y= \ 2x% —5x—3
where the curve meets the coordinate axes.

, Stating the coordinates of any points

y A
104

—101

[4]
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6
3 (i) Findthefirst 3 termsin the expansion, in ascending powers of X, of (3—5) . Give the terms in their
simplest form. ° [3]

6 2
(i)  Hence find the term independent of x in the expansion of (3— g) (x— %) . [3]
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4  The polynomia p(x) = 2x® +ax*+bx—49, where a and b are constants.

x+3 thereisaremainder of —24 .

(i) Show that Ga—b =78

Itisgiventhat 2x—1 isafactor of p(x).

(i) Find the value of aand of b.

(iii)  Write p(X) intheform (2x— 1) Q(X), where Q(X) is a quadratic factor.

(iv) Hencefactorise p(x) completely.

When p'(X) is divided by

(2]

[4]

(2]

[1]
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7

5 Itisgiventhat log, x = p. Giving your answer in its simplest form, find, in terms of p,

() log, (16X), (2]
7
(i) Iog4(2X—56). [2]

Using your answersto parts (i) and (ii),
7

(iii) solve log,(16x) —log, (%) =5, giving your answer correct to 2 decimal places. [3]
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1 -4
. 1 2 . . :
6 (a) Giventhat A= (O _1>, B=|2 5| and C= (3 -2 O), write down the matrix products which
3 1
are possible. You do not need to evaluate your products. [2]

o 2 -2 41
(b) Itisgiven that X—<5 3) and Y—(z O)'

() Find XL 2]

(i) Hencefind the matrix Z suchthat XZ=Y. [3]
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7

Do not use a calculator in thisquestion.

All lengthsin this question are in centimetres.

A 2+3Y5 B

10— 25

=

D 6+3V5 c

The diagram shows the trapezium ABCD, where AB = 2+3+v5, DC=6+3v5, AD=10-2v5 and
angle ADC = 90°.

(i) Find the areaof ABCD, giving your answer in the form a+bv/5, where a and b are integers. [3]

(i) Find cotBCD, giving your answer in the form c+dv'5, where ¢ and d are fractions in their simplest
form. [3]
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20

15

10

N
»
oo
S
~Y

The diagram shows the vel ocity-time graph of a particle P moving in a straight line with velocity vms™ at
time t seconds after leaving afixed point.

(i) Write down the value of the acceleration of P whent = 5.

(1]

(if)  Find the distance travelled by the particle P betweent = 0 and t =10. [2]
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1n

(b) A particle Q moves such that its velocity, vms™1, t seconds after leaving a fixed point, is given by

v=3sin2t—1.
(i) Find the speed of Qwhen t =72 2]
(i) Findtheleast value of t for which the acceleration of Q is zero. [3]
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9 Theareaof asector of acircle of radiusrcm is 36 cm?.

(i) Show that the perimeter, Pcm, of the sector issuch that P = 2r + 772 [3]

(i) Hence, given that r can vary, find the stationary value of P and determineits nature. [4]
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2
10 A curveis such that when x = 0, both y = —5 and (;—di = 10. Given that % = 4e* +3, find
X

(i) theequation of the curve, [7]

(ii) the equation of the normal to the curve at the point where x =

: (3]

I
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11 (a) Solve sinxcosx=%tanx for 0° < x < 180°. [3]
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(b) () Showthat seco— MY — coso. 3]

sn3 1 , 21 on
cot3g — 2 o3 SosT,

(i) Hencesolve sec36— where @ isin radians. [4]
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Quadratic Equation

For the equation ax? + bx + ¢ = 0,

Binomial Theorem

(a+b=a"+

where nis apositive integer and (

Identities

Formulae for AABC
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n

2

Mathematical Formulae

1. ALGEBRA

_ -b+b* -4ac

2a

X

n n
2a"‘2b2+...+ Ul o

_ n!

2. TRIGONOMETRY

Sin2A+cos?A=1
sec? A=1+tan?A

cosec2 A=1+ cot2 A

a _ b _ ¢
snA~ snB ™~ snC

a?=b?+c2—2bccosA

21,
A—zbcsmA
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1 Aband can play 25 different pieces of music. From these pieces of music, 8 are to be selected for a concert.

(i) Find the number of different ways this can be done. [1]

The 8 pieces of music are then arranged in order.

(ii)  Find the number of different arrangements possible. [1]

The band has 15 members. Three members are chosen at random to be the treasurer, secretary and agent.

(iii)  Find the number of waysin which this can be done. [1]

2 Variablesx andy are related by the equation y = Ig_xx .
. dy |—xInx
(I) Show that & = T [4]
(i) Hencefind the approximate change iny as x increases from 2 to 2 + h, where h is small. [2]
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The function f is defined, for 0° < x < 360°, by f(X) = a+bsincx, where a, b and ¢ are constants with

b > 0and c> 0. Thegraph of y=f(x) meetsthe y-axis at the point (0, —1), has a period of 120° and an
amplitude of 5.

(i) Sketchthegraphof y=f(x) onthe axesbelow.

(3l
y
A
B
| 60 120° 180° 240° 300° 360° X
(ii)  Write down the value of each of the constants a, b and c. [2]

© UCLES 2019
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4 (a) Findthevaluesof x for which (2x+ 1)2<3x+4. [3]

2
(b) Show that, whatever the value of k, the equation XT +kx+k?®+1=0 hasnorea roots. [3]
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5 Solutionsto thisquestion by accurate drawing will not be accepted.

The points A3, 2), B(7, —4), C(2, —3) and D(k, 3) are such that CD is perpendicular to AB. Find the
equation of the perpendicular bisector of CD. [6]
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6  Therelationship between experimental values of two variables, x and y, isgiven by y = Ab*, where A and
b are constants.

(i) Transform therelationship y = Ab* into straight line form. [2]

The diagram shows Iny plotted against x for ten different pairs of values of x and y. The line of best fit has
been drawn.

I
nyA

8

7 X

(N

al

w b

(i)  Find the equation of the line of best fit and the value, correct to 1 significant figure, of A and of b. [4]

(iif) Findthe value, correct to 1 significant figure, of y when x = 2.7. [2]
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7 () Giventhat y=xvx*+1, show that @ _ax+b where a, b and p are positive constants. [4]

X (x241)"
(i) Explainwhy thegraphof y=xVx*+1 hasno stationary points. [2]
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8 Reativeto an origin O, the position vectors of the points A and B are 2i + 12j and 6i — 4j respectively.

(i) Writedown and simplify an expression for AB. [2]

The point C lieson AB suchthat AC: CBis1: 3.

(if)  Find the unit vector in the direction of oC. [4]

The point D lieson OA such that OD : DAis1: A.

(ilf) Find an expression for AD intermsof 4, i andj. [2]
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9 (a) Itisgiventhat g(x) =6x*+5 foral real x.

(i) Explanwhy gisafunction but does not have an inverse. [2]

(i) Find g?(x) and state its domain. [2]

Itisgiventhat h(x) = 6x*+5 for x<k.

(iii) Statethe greatest value of k such that h™1 exists. [1]

(iv) For thisvalue of k, find h=1(x). [3]
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(b) Thefunction pisdefined by p(x) =3e*+2 foral rea x.

(i) Statetherange of p. [1]

(i) On the axes below, sketch and label the graphsof y = p(x) and y = p*(x). State the coordinates

of any points of intersection with the coordinate axes. [3]
y
A
JY=X
//,/
//,
//,,
//,
//,
s >
/O X
//,/
//,
///

(iii) Hence explain why the equation p(x) = p~*(X) has no solutions. [1]
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10

B
y=1+x+5yx /

N
C L

The diagram shows the curve  y=1+x+5vx and the straight line y—3x = 3. The curve and line
intersect at the points A and B. The lines BC and AD are perpendicular to the x-axis.

(i) Using the substitution u? = x, or otherwise, find the coordinates of A and of B. You must show all your
working. [6]
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(if)  Find the area of the shaded region, showing all your working. [6]
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1 (2 Find | &Jl)dx. [3]
X

(b) () Find [cos(40—5)db. 2]

(i) Hence evaluate fl ‘225003(49—5)d9. [2]
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0606/11 Cambridge IGCSE — Mark Scheme May/June 2019
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Guidance
1(a) i Bl
¥ 9
?’ Bl
1(b) i B2 |Blfor PcRand Qc R
Blfor PnQ=9
2(i) 4 Bl
2(ii Bl
(i) 120° or 2
3
2(iii) B3 | B1for acomplete curve starting at
(—900, 3) and finishing at (90°, - 5)
Bl for -5< y < 3for acomplete curve
Minimum point(s) aty=-5
Maximum point(s) aty = 3
DepB1 for afully correct sine curve
satisfying both the above and passing
through (—600, —1) , (o°, —1) and(60°, —1)
3(i) -12 Bl
3(ii) (2x-3-1)(k-3)-12=23 oce M1
or 2(-3)* +(2k-1)(-3)~k-12=23
k=-2 Al
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Question Answer Marks Guidance
3(iii) (2)(_1)()(_2)_12:_25 M1 | expansion and simplification to a3 term
5 quadratic equation equated to zero, using
2x°—-5x+15=0 ;
their k.
Discriminant: 25— (4x 2x15) M1 | using discriminant for their three term
- _o5 quadratic equation
which is< 0 so no real solutions Al | caofor correct discriminant and correct
conclusion
4(i) a=256 Bl
8x 2" x bx[=256x] oe M1
8x 7x 2° x(bx)’
or 21X *(5) [zcxz] oe
2
1 A2 | Alfor each
b== oe, c=112
4
4(ii Bl
" (256+ 256x+112x2)(4x2 —12+32j for (4x2 —12+32j
X X
Termsindependent of x are M1 | adding and selecting
(256%(—12))+(112x9) (their 256 x their (~12)) + (their112x their9)
=-3072+1008
= —-2064 Al
5(i) 1 (3 M1} . . 3
V=20x ——— oe finding and using the magnitude of
VP +42\4 4
12 Al
V=
16
5(ii) 1) (12 M1 | correct use of position vector and their
=516 t velocity vector
Al
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Question Answer Marks Guidance
5(iii) 17 8 . 1 12 t M1 | equating position vectors of both particles
18] 112 21" 16 at timet and solve either equation for t
Leading to
17+8t=1+12t
or 18+12t =2+16t
t=4 Al
» .. (49 Al
Position vector of collision
66
6 Method 1
3% —2X+1=2x+5 M1 | equating the equations of the line and the
curve and rearranging to obtain athree
leading to term quadratic equated to zero
3 —4x—-4=0 Al
Al
X= _2 and x=2
3
) . .
I 2(2x+ 5_ (3x2 _ 2x+1)) dx M1 | subtraction (either way round)
3
Izz(4+4x—3xz)dx M1 | integrationto Ax+ Bx?+Cx®
3
Al | for 4x+2x? - X2 oe
2
[4x+ 2x% — xs] )
3
8 M1 | Dep on preceding M1
(8+8-8)- 379 % correct use of limits
27
Al
=% or9.48 or 923

© UCLES 2019
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6 Method 2
32— 2x+1=2x+5 M1 | equating the line and the curve and
rearranging to obtain athree term quadratic
leading to equated to zero
3x* —4x-4=0 Al
Al
x:—E and x=2
3
A 1 ) 1(11 9) 8 B1 | areaof the trapezium, alow unsimplified
reaof trapezium= —| —+9 |x—
*® 2\ 3 3
Area under curve = Izz 3x% —2x+1dx M1 integrationto Ax+Bx*+Cx’
3
:|:x3_x2+x:|22 Al for xX3—x%+x
"3
M1 | DepM1 for correct use of limits.
=(8-4+2)-[-2 2 2
27 9 3
62
27
Al
Sheced Area= 12 20
27
=% or9.48 or 933
7(a) Method 1
o x+|093x—12 B1 | change to base 3 logarithm
% log,9
3Iog3x_12 M1 | smplification and dealing with base 3
2 logarithms to obtain a power of 3
x=3 or ¥3*
X = 6561 Al
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7(a) Method 2
B1 | changeto base 9
IOggx+Ioggx:12 J
log, 3
3logy x =12 M1 | simplification and dealing with base 9
_g*or 32 logarithms to obtain a power of 9
X = 6561 Al

7(b) Method 1

|0©J4(3y2 —10):|0g4(y_1)2 +% B1 | use of power rule

3y’-10 1 B1 | DepB1 for use of division rule
log, (y 7 :E
2 _ Bl
3y 10:2 forizlog 2
(y—1)2 2 4
y2+4y-12=0 M1 | Dep on first two B marks

simplification to a three term quadratic.

y=2 only Al

7(b) Method 2

1 B1 | use of power rule
Iog4(3y2—10):Iog4(y—1)2+E P

Iog4(3y2—1O)=Iog4(y—1)2+|og42 B1 | for log, 2

3y2—10=2(y—1)2 Bl | Dep onfirst B1
use of the multiplication rule

Y2 +4y-12=0 M1 | Dep onfirst and third B marks.
simplification to a 3 term quadratic

y=2 only Al
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8(i) f>-1 Bllor f(x)>-1, y>-1.(-1), {y:y>-1
8(ii) y  X+1 M1 | acomplete valid method to abtain the
€= ¢ inverse function
X+1 X+1 Al
=In| =] or f *(x)=In| === oe
Y ( 5 ) ™ ( 5 )
Domain x>-1 or (-1,%) B1 | FT their (i) or correct
8(iii) g(l) =550 fg(]_) =f (5) M1 | evaluation using correct order of operations
5e° —1="741 Al | awrt 741 or 5¢° -1
H 2
8(iv) gz(x):(xz +4)2 ‘4 M1 | correct use of g
x* +8x%+16+4=40 M1 | DepM1 for forming and solving a
(x2 +4)2 _ 35 quadraticin x
or
x* +8x*-20=0

(x*+10)(x* -2)=0

x=+/2 only Al

a() Method 1

600r = 2nr 2 + 2nrh Bl
600m — 27tr 2 M1 | making h subject from atwo term
h= onr expression for SA.
V = nr2h A1l | correct substitution and manipulation to
600 _2 r2 Obtain g|Ven answer
2nr
V =nr? (@ - rj
r

V =300nr —nur®
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<10) Method 2
600m = 27r 2 + 2nrh Bl
600nr = 2nr® + 2nr ?h M1 | multiplying both sides by r
600nr-27r 3 _?h Al | correct manipulation to obtain zr%h
2
V =ar?h
V =300ar —ar®
(i M1 | differentiation of given formulato A+ Br?
) ‘Z—V — 3007 — 3r J
"

M1 uating to zero and attempt to solve
When %:3007:—37#:0 equating p
r

r=10 Al
V = 2000x or 6280 or 6283 Al
B1
Q:—Gnr, g<0 cao for g:—&rr ,gz—GOnor other
dr dr dr dr
SO maximum correct method leading to maximum

10() | Method 1

|g y= A+ sz B1 | statement soi
16=A+6B M1 | one correct equation
4=A+2B

leadingto A=-2 and B=3 A2 | Alfor each

10() | Method 2

lgy = A+ Bx? B1 | statement soi
Gradient = B Bl

B=3

16=A+6B or 4=A+2B M1 | acorrect equation
A=-2 Al
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10(i) Method 3
lgy—4=3(x*-2) M1 | correct equation or for correct method for
5 finding constant.
or lgy—-16=3(x"—6)
OR
4=3(2)+c
or16=3(6)+c
lgy = A+ Bx? B1 | statement soi by their A and B
Hence y=10%*"2 Bl
B=3
A=-2 Al
10(ii) 72+3( 1 jz M1 | correct use of their Aand B
— V3
y=10
y=0.1 oe Al
10(iii) 2102 M1 | correct use of their Aand B
lg2=3x>-2 M1 | complete correct method to solve for x
. llg2+2
3
x=0.876 Al
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11(i 1 1 M1 | differentiation of a product
0 Q:( ? +1)(2x—3) 2+ 2x(2x-3)2 P
dx
Bl 1 1
for i(2x—3)2 -1, 2(2x-3) 2 oe
dx 2
Al | al elsecorrecti.e.
dy /(.2 1
&_(x +1)f(x)+2x(2x—3)2
1 M1 1
=(2x-3) 2 (x2 +1+2x(2x— 3)) correctly taking out afactor of (2x—3) 2
1
or correctly using (2x-3)2 as
denominator
_5x®—6x+1 Al
-1
(2x-3)2
11(ii) When x=2, y=5 Bl
dy _ M1 | substitution to obtain gradient and correct
X =9, so gradient of normal = —— method for gradient of normal
1 M1 | DepM1 for equation of normal
Equation of normal y—5=—§(x—2) ® .
X+9y—-47=0 or -x—-9y+47=0 Al | Must beinthisform

© UCLES 2019
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only
dep dependent
FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent
rot rounded or truncated
SC Special Case
SOi seen or implied
Question Answer Marks Guidance
1(a) & Bl
%’ B1
/7 / / B \\
v \
| O
v \
\\ /!
N
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Question Answer Marks Guidance
1(b) P ={30°,150°, 210°, 330"} B1 | May be seen or impliedinaVenn
diagram
Allow without set notation
Q={30°,150° B1 | May be seen or impliedinaVenn
diagram
Allow without set notation
PQ={30°150% B1 | Dep on both previous B marks
Must be in set notation
2 Either: (2x+3)2(x—1):3(2x+3) M1 | For attempt to equate line and curve
and attempt to simplify to
(2x+3)(2x2+x—6)(=o) 2x+3 x aquadratic factor
or cancelling 2x+ 3and obtaining
aquadratic factor
(2x+ 3)(2x2 x— 6) -0 M1 | Dep for attempt at 3 linear factors
from alinear term and a quadratic
(2x+3)(2x—3)(x+2)=0 term
Bl
29
2
(3 18] Al | Dep onfirst M mark only
2]
(_2, _3) Al | Dep onfirst M mark only
Or: (2x+ 3)2 (x—l) _ 3(2x+ 3) M1 | For attempt to equate line and curve
) and attempt to simplify to a cubic
4% +8x* —9x—18(=0) equation, by collecting like terms
(x+2)(4x2—9) M1 | Dep .
For attempt to find afactor from a4
(2x— 3)(2x2 + X+ 6) term cubic equation (usually
5 X+ 2), do long division oeto
(2x+ 3)(2X +X= 6) obtain a quadratic factor and
(2x+3)(2x-3)(x+2)(=0) factorise this quadratic factor
Al
29
2
Al
2
2
(—2, —3) Al
3(i) 1000 B1
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3(ii Bl
i 9B _ 4006 —16006
dt
3=e® _4e2 oe M1 | For equating an equation of the
form ae® +be™ to 1200 and
dividing by 400
e -3 -4=0 Al
3(iii) (ezt " 1)(e2t _ 4) -0 M1 | For attempt to factorise and solve,
dealing with exponential correctly,
to obtain e =...
1 Al
t=In2, Eln4 or awrt 0.693 only
isw if appropriate
4(a
(@ ) B1
2
B1
=2
2
11 B1
c="—"
2
4(b) 1 1 M1 | For attempt to solve simultaneous
9x2 -3y 2=12 1
1 1 equations. Must reach kx? =... or
4x? +3y 2 =14 1
ky 2=... oe
1 Al
=%
5(i) 9.6=1260 M1 | For use of arc length
0=0.8 Al
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5(ii) Either M1 | For attempt to find AB or OB using
AB their
tanH:E’ (AB=1236) May beimplied by a correct
Or triangle area
12 Allow if using degrees consistently
OB=—— (0OB=17.22)
cosd
Either M1 | Allow if using degrees consistently
AreaAOAB = % x12x their 12.36
Or
1 . .
AreaAOAB = E><12>< their 17.22xsind For attempt to find area of triangle
using their
(=74.10r 74.2)
B1 | Allow unsmplified
Area of sector OAC :%le2 x0.8 P
=57.6
Area of shaded region = 16.5 or 16.6 Al
6(a)(i) 40320 Bl
6(a)(ii) No. of ways with maths books as 1 unit = 5! Bl
or 5x4! or °R, or 120
No. of ways maths books can be arranged Bl
amongst themselves = 4! or “P, or 24
Total = (5! x4! oe)=2880 Bl
6(a)(iii) No. of ways with maths books as 1 unit and Bl
geography books as 1 unit = 3! or *PR, or
3x2! or6
No. of ways maths books can be arranged Bl
amongst themselves and geography books
can be arranged amongst themselves
= 41 x3! or *P,x P, or 144
Total = (3! x4l x 3 oe) Bl
= 864
6(b)() | 2c, =924 B1
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6(b)(ii) | Either: 924-°C, M1 | For their (i) — the number of teams
of just men
Total = 896 Al
Or:  BMIW: Cx‘C,  (=224) M1 | For acomplete method
AM2W: %C,x ‘'C, (=420)
3M3W: 8C,x'C,  (=224)
2M AW : ’C,x*C, (=28)
Total =896 Al
7(i) 120 B1 | For correct triangle, may beimplied
by acorrect sinerule or cosinerule.
650
120 or 120 650 or 650 M1 | For useof acorrect sineruleto
sna  sn(55-6) sin35  sinl45 obtain ¢ =... or O=... _
Or for acorrect cosine rule leading
toavaluefor v, followed by a
correct sine rule leading to one of
the other angles
a=6.08° or f=138.9 Al | May beimplied by a correct
0 = awrt 49°
Bearing is 048.9° or 049° Al
7(ii) Either M1 | For use of sinerule or cosinerule to
v, _ 650 120 find resultant velocity
sin(145-theira)  sin35 sin(theira) Do not allow for aright-angled

Or V? =650% +120% —
(2x 650x120)cos(145-theira )

triangle
May be seenin (i)

v, =745 Al | For correct resultant velocity, allow
awrt 745
. _ 1250 M1 | For correct attempt at finding time
Timetaken = - —— -~ using their v , # 650, 120, 770 or

530

=1.68 hoursor | hour 41 mins or 101 mins

Al
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8(i) y_m B1 | May beimplied by subsequent
e=xtC work
Either 20=2m+c M1 | For at least 1 correct equation
8=4m+c
M1 | Dep
For attempt to solve their 2
eguations simultaneously to obtain
at least one unknown
leading to m=-6, c=32 A1l | For both
6 Al | Must have correct brackets
y=In 32_; Mark the final answer given
Or: Gradient = m=(—6) M1 | For attempt to find gradient and
equateittom
20=2m+cor 8=4m+c M1 | For at least 1 correct equation, may
1 be using their m
or ¢ -8= m(——4)
X
or e’ -20= m(l—zj
X
leading to c=32and m=-6 A1l | For both m=-6, c=32
Al
y= In(SZ—EJ
X
8(ii) 3 Bl
X>— o0e
16
8(iii) y=1In30 isw Bl
8(iv) 6 M1 | For acorrect substitution and
2=In 32_; attempt to re-arrange using 2, their
32 and their — 6, keeping exactness
to obtain x =
6 Al | Must be exact
X= oe
32-¢
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9(i) 5=4+ 2c0s3X M1 | For attempt to solve trig equation to
obtain one correct solution
T Al
9
s Al
9
o(ii) M1 | For use of subtraction method

M1

For attempt to integrate to obtain
the form asin3x+ bx

Bl

For Esi n3x
3

Bl

For —x, may be implied by
4x—5X

M1

Dep on previous M mark for
correct application of their limitsin
radians from (i) retaining exactness

Al
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9(ii) _ . 2n M1 | 5xthedifference of their limits in
Or: Areaof rectangle = SxE exact radians
Areaunder curve = M1 | For attempt to integrate to obtain
L the form asin3x+ bx
2 . 9
[4x+—sm3x}
3 E:
Bl 2 .
For —sin3x
3
B1 | For 4x
J3 4n J3 4 M1 | Dep on previous M mark for
?JFE |73 9 correct application of their limits
in exact radians from (i) retaining
2J3 8 exactness
=4 —
3 9
Al
Shaded area = i—z—; oe isw
10(i) 800 = 4x*h Bl
800 800 B1
h=— oeor xh=——oe
4x2 4x
(S=)2hx+8xh+4x* oe M1 | Allow if hissubstituted at this
point
2000 Al | Leading to AG, must have S=or
S=4x"+ " surface area = at some point and no
errors
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10(ii) (dS j8 2000 B1 | For correct differentiation
_ = X —
dx x?
ds 3 M1 | For equating to zero and attempt to
When = =0, x=y250 oe  (6.30) solve, must get asfar asx = ...,
must be using the form ax+ %
X
A1l | For correct positive x
S=476 only Al
d3s 4000 B1 | For acorrect convincing method,
o 8+ 3 with enough detail to reach a
s correct conclusion of a minimum.
F>O or 24 so minimum Must be using x =3/250 oe
X
11 M1 | For attempt at differentiating a

product

Bl 1
For %x 3(3x+1) s

(ﬂ=)(x—2)><§x3(3x+1)_;+(3X+1)§

dx

Al | For al other terms correct

yo4
3

Bl

When x=z, ﬂzl—s
3 dx 3

M1 | For attempt at normal equation

using ———
g their m

and their y when x=%

Equation of normal: y—ﬁ':—i(x_Zj
3 13 3

A1 | For correct normal equation, may

be implied by a correct final answer

. 73
At y-axis, y=—
y y 29

(O, 7—3) isw
39

Al
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for a valid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy marks
to be given, the associated Method mark must be earned or implied.

B Mark for acorrect result or statement independent of Method marks.

When a part of agquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1 ANnB=9J B1
zc(x my) B2 | Bl foridentifying X nY
2 3 Bl
a=—
2
Bl
b=~
3
c=3 Bl
3 X2 +(3-m)x+m-4=0 M1 | For equating line and curve and attempting to
obtain a quadratic equation equated to zero
Discriminant:(3—m)2—4(m—4) M1 | Dep
For use of b® —4ac, could beimplied by use
of quadratic formula
(m-5)° Al
Always positive or zero for any m, so A1l | For asuitable comment/conclusion
line and curve will alwaystouch or
intersect
4(i) B1 6x°
For ———
(2x3 + 5)
M1 | For attempt to differentiate a quotient
2 A1l | For all other terms correct
(x-1 6%— In(2x3 +5)
dy (2x°+5)
dx (x-1)°
When x=2, Al
ﬂ=%—In21 or §—In2], or-1.90
dx 21 7
4(ii) -1.90p oe B1
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5(i) B1 | For shape with maximum in 1% quadrant
Bl
For (—%,OJ and (5,0)
B1| For (0,5)
B1 | All correct with cusps and correct shape for
X< 1 and x>5
3
5(ii) M1 | For attempt to find maximum point
Al
Maximum point when ng For x=%
64 64 Al
y=— s0 k=—
3 3
6(i) 1 sng . M1 | For dealing with sec, tan and cosec in terms of
cose_cosexsmg o€ sin and cos
1-sin20 M1 | For smplification and use of identity
cosé
cos? 0 Al | For simplification to AG
cosé
6(ii) J3 M1 | For use of part (i) and attempt to solve to get as
0052<9=7 faras 20 =...
26 =30°, 330° M1 | For dealing with double angle correctly, may
be implied by one correct solution
0 =15°, 165° A1 | For both
6(iii) _ T 1 M1 | For correct attempt to solve, may beimplied
sn|g+— |=t— i
3) 2 by ¢+ =—
n m 3n 5t 7/n 9n 3 4
¢+_:_l Ty T Ty T oy T
3 4 4 4 4 4
M1 | Dep
For dealing with compound angle correctly
51 1z 17z 23=n A2 | Alfor one correct pair,
¢:E' 12" 12 12 A1l for asecond correct pair with no extra
solutionsin the range.
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7() 2 2 2 M1 | For use of Pythagoras' theorem and attempt to
ACT= (2\/5 _1) * (2+ \/5) expand brackets
=20-4/5+1+4+4/5+5 Al | For correct unsimplified, must be convinced of
non-calculator use
AC =+/30 Al
7(ii) 2/5-1 2-4/5 M1 | For attempt at tan ACB and rationalisation
tan ACB = X
2+/5 2-5
4/5-2-10++5 M1|Dep .
= 1_5 oe For seeing at |east 3 terms in the numerator
=12-5/5 Al
7(iii) sec2 ACB =tan2 ACB+1 M1 | For use of identity using their (ii)
=144-120\/5 +125+1
= 270-120\/5 Al
8(i) g=1 B1 | Must be using correct notation
8(ii) g(@) _125 Bl
1 B1
f1(x)==Inx
(x)=3
1 B1 | For correct order and manipulation to obtain
=In125=In5 1
3 the given answer, need to see §In125
8(iii) 3 =24 M1 | For dealing with derivatives correctly
Al
x=}In8
3
x=In2 Al
8(iv) B3 | B1for correct g with intercept
B1for y=x and/or implication of symmetry
B1 for correct g~* with intercept
9(a)(i) 7!=5040 B1
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9(a)(ii) Treating the 4 trophies as 1 unit so B1 | Maybeimplied by a correct answer
there are 4! ways
There are also 4! ways of arranging Bl
the football trophies amongst
themselves
Total = 4! x4!=576 Bl
9(a)(iii) Treating the 4 football trophiesas 1 B1 | Maybeimplied by a correct answer
unit and the 2 cricket trophies as 1
unit so there are 3! ways
There are also 4! ways of arranging B1 | Maybeimplied by a correct answer
the football trophies amongst
themselves and 2 ways of arranging
the cricket trophies
Total = 3! x4! x2=288 B1
9(b)(i) 3003 Bl
9(b)(ii) 28 Bl
9(b)(iii) | 3003-1 M1 | For their (i) —1
3002 Al | FT
10(i) M1 _ _ 1
Attempt to integrate to obtain k(2x+3)2
1 A1l | All correct, condone omission of +c¢
Y_ (2x+3)2  (+c)
dx
5=3+cC M1 | Dep
For attempt at ¢
1 M1 | For afurther attempt to integrate
Y_ (2x+3)2+2 P =
dx
1 3 A1l | All correct, condone omission of +d
y= 5(2x+ 3)2 +2x(+d)
M1 | For att tat d
1 = 8 +1+d or atemp
3 3
3 Al | Must havey =
y=:—13(2x+3)2 +2x-4 Y

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 7 of 8




0606/13 Cambridge IGCSE — Mark Scheme May/June 2019

PUBLISHED
Question Answer Marks Guidance
10(ii) When x=3,y=11 M1 | For attempt to find y using their (i)
M1 | Dep
For attempt at normal
1 A1l | All correct unsimplified
Normal: y—-11= —g(x—B)
X+5y-58=0 Al | For correct form
11(i) B1 | For correct triangle, may beimplied by
subsequent work
120
600
120 600 M1 | For use of the correct sine rule
sng  sin130
a =8.81° Al | Allow greater accuracy
Bearing 041.2° or 041° A1l | Allow greater accuracy
11(ii) v, 600 120 M1 | For use of sinerule using their « or cosine
sin41.19 sin130 sing rule
v, =515.8 awrt 516 Al
M1 N . .
Time taken = 2500 For attempt to find time using their v, , not
515.8 600, 720 or 480
=4.85 or 4.84 Al

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 8 of 8




Cambridge Assessment International Education
Cambridge International General Certificate of Secondary Education

Cambridge

IGCSE

ADDITIONAL MATHEMATICS 0606/21
Paper 2 May/June 2019
MARK SCHEME

Maximum Mark: 80

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the May/June 2019 series for most

Cambridge IGCSE™, Cambridge International A and AS Level and Cambridge Pre-U components, and
some Cambridge O Level components.

This document consists of 9 printed pages.

| Cambridge Assessment

© UCLES 2019 International Education ~ [Turnover
Need a home tutor? Visit smiletutor.sg



0606/21 Cambridge IGCSE — Mark Scheme May/June 2019
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1 6x + 7x— 20[*0] M1 | where* may be any inequality sign or =
Al
Critical values ﬂ 2
3 2
w<_2 orx=2 final answer Al | FT their critical values using outside
2 3 regions
2(i Bl
0 i(In X) =1 SOi
dx X
M1
x3£1j—3x2 Inx
dy__ \x
dx (x3)2
(1 4
or X (—j+(—3x )Inx
X
Completion to given answer: Al
dy 1-3Inx
dx x*
2(ii) [l— 3Ine) M1
2 h
e
Al
—2—? oe or —0.0366h awrt
e
3(i) Correct shape 3 | B1 correct shape must have cusp on x-
0.6 oeindicated on x-axis axis
3indicated on y-axis B1 for each correct point
There must be a sketch to award the
marks for the intercepts and sketch
should be continuous with one
intersection only on each axis
3(ii) Solves 5x—3=x-2 oe M1
or (5x—23)? =(2—x)?
1 Al
[x=]=oe
5 Bl
[x=]= oe
6
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Question Answer Marks Partial Marks
4 (J5-3)° =5+9-2(315 M1
their (14_ 6\/5) J5-1 M1 | Attemptsto rationalise
X or forms apair of simultaneous
V5+1 V5-1 equations
eg. 5p+gq=14, p+q=-6
their (144/5 — 30— 14+ 6/5) M1 | multiplies out; numerator must have at
5.1 least 3 terms; condone one sign error in
numerator; denominator may be 4 or
5-45++/5-1
or solves their simultaneous equations to
find one unknown
5/5-11 Al| or p=59=-11
5
(i) 10 e Bl
6
5(ii) 27 B1
5(iii) Attemptsto find total area M1
M1
%(23+their k +6)x10
1 1
or —x4x10+23x10+=x6x10
2 2
280 Al
6(a) (X+3)(x—3) — 2x(—X) B1
their detA =0 M1 | Can beimplied by later work
[x=] +3isw Al
6(b)(i) 3x2o0r3by2 Bl
6(b)(ii) BCisa3 by 3matrix and CB isa2 by 2 B2 | B1for apartialy correct statement e.g.
matrix [so they cannot be the same] oe The orders are not the same or BC is
a3 by 3matrixor CBisa2hby 2
matrix
. (6 5
or [CB =] 41 15 [so not equal] or B1 for 3 correct elements
or finding one correct element of CB as or B1 for finding one correct element of
being different from BC and CB as being different from BC, without
commenting that the elements are further comment
different, [the matrices cannot be the
same] oe
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Question Answer Marks Partial Marks
7(i) sec?u Bl
7(ii M1
0 Attempts ﬂ:ﬂx%
dx du dx
o Y_I X
dx du du
ax 3
U=3x-1 soi B1
203/ A1l | final answer
sec” (¥ x-1
3(\3/(x—1)2) e
If B1 only then SC1 for
2 1
k(x—1) 3sec?®(x—1)3
8(i Bl
0 [angle ECD =] 1—51; oeor 0.873 soi
Attempts to find AC and subtract 8 M1 8
eg. AC=
2r
cos—
9
[DC =] 244 Al
M2
1 8xtherACxsin2" le0r1X82XE or for
2 9 2 9
1 . 2 . 5n
=xtheir 2.44° xtheir — seen
OR 2 18
l><8><8tan(ﬁj—lx82 XE
2 9) 2 9
L their 2,442 x their 2%
2 18
awrt 1.91 Al
8(ii) their(6.712 — 2.443) M2 | M1for either arc seen
+ their 2443(i) + S(E)
18 9
awrt 12.0 Al
9(a)(i) 39916 800 B1
9(a)(ii) 5!x 6! oe M1
86 400 Al

© UCLES 2019

Page 6 of 9

Need a home tutor? Visit smiletutor.sg




0606/21 Cambridge IGCSE — Mark Scheme May/June 2019

PUBLISHED
Question Answer Marks Partial Marks
Ib)i) | Sc,x°C, oe M1
30 Al
ab)(ii) | 5c,x3C, + °C, % %C, oe M1
45 Al
10(i) ﬂzl oe M1 | ALT uses y:.mx.+c with Aand B as
1-p 3 far asan equationin p only
-2 Al
10(ii) Either: Finds midpoint AB Bl | FT their p
[their p+1, 3+4j
2 2
Verifies (-0.5,3.5) isonL Bl
y=-3x+2 thereforem=-3 oe Bl

and %x—?;:—l oe

Or: finds midpoint AB B1 | FT their p
(their p+1 3+4j
2 2
Bl

1 x—-3=-1 oe

3

y-3.5=-3(x+0.5) and completion to Bl

y=-3X+2
10(iii) g=4 B1
10(iv) 22.5 nfww B2 | B1 for correct method to find areausing

correct values

eg. %x ABxMC where M isthe
midpoint of AB
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11(a)(i) 1 [ 1 Cosgj M2 | M1 for either
sno\sno sno cosecé—cow: .1 (m%ce_cpsaj
sing sing sinéd
cosecd —cot 1 1
or - =— —— —coté
sinéd sng\sind
1-cosé M1
1-cos? 6
1-cosd 1 Al
(1-cosf)(1+cosf) 1+ cosd
11(a)(ii) | awrt 233.1 B2 | with no extrasin range
B1 for cosez—g Soi
11(b M1
®) 3¢—4=tan‘1(—1) SOi
2
awrt 0.132, 1.18 A2 | with no extrasin range
Al for one correct
12(a) e2x B1
— seen
2
e 1 M1 | Useslimits correctly for their integral
7—5250 and sets = 50
Rearranges and takes logs to base e: M1 | Using their integral
2a=1n101 oe
A1l | Allow any exact equivalent
a:%Inlol or Iny/101 final answer y ™
12(b)(i . B2 | Blfor —ksin5x wherek >0
(b)0) [y=] 3x—§sm5x [+¢]
8t 3n 2. ( nj M1
—=———9in| bx— |+¢C
5 5 5 5
. Al
y=3x—§sm5x+n
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12(b)(ii B3

(b)(ii) Dydx=_[(3x—§9n5x+ﬁjdx} B2 for %cosSx oe nfww
2 3x°
=Si+£c055x+nx[+c] and BIFT for -t +nx[+C]
2 25
. . T M1
their F(n) —their F(EJ
16[.0] or 15.95 to 15.96 or Al
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Generic Marking Principles

Thesze general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will alzo comply with these marking principles.

GEMNERIC MARKING PRINCIFLE 1:
Marks must be awarded in line with:
the specific content of the mark scheme or the generic level descriplors for the question

the specific kills defined in the mark scheme or in the generic level descriptors for the question
+ the standard of rezponse required by a candidate as exemplified by the standardisation scripts.

GEMERIC MARKING PRIMCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

* marks are awarded for comectivalid answers, as defined in the mark scheme. However, credit
iz given for valid answers which go beyond the scope of the syllabuz and mark scheme,
refeming to your Team Leader as appropriate

miarks are awarded when candidates cleary demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punciuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GEMERIC MARKING PRIMCIPLE 4:

Rules must be applied consistently 2.g. in situations where candidates have not followed
instructions or in the application of generic level descripors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses sesn).

GEMERIC MARKING PRINCIPLE &:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of agquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘ dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt  answers which round to
cao  correct answer only

dep  dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question | Answer Marks | Partial Marks
1 Either: Bl
Quotient rule:
d, . .
—(sinX) =cosx soi
dx
Bl
i(Inx2)=Z oe soi
dx X
M1
(In xz)(their cosx)—(sinx)(their ij
(Inxz)2
oe
Al

(Inxz)cosx—(sinx)(i)
(Inxz)2

oeisw

Or: B1
Product ruleon y = (sinx)(Inx?)™*

i(sin X) =COSX SOi

dx
d 2y-1 22 2 Bl
—((Inx =—(InX*) " x—
(X)) =) 2=
M1
(SinX)xtheir(—(lnXZ)sz)
X
+ (their cosx)(Inx®)™*  oe
Al
(sinx)x(—(lnxz)‘zxgj
X
+(cosx)(Inx®)™*  oe isw
2 k? — 4(k—1)(-k) oe B1
k(Sk — 4) M1
Correct critical values 0, 0.8 oe Al
k<0,k>0.8 oe A1l | FT their critical values provided their
ak? + bk + ¢ >0 has positive a and there are 2
values;

mark final answer

If BL MO allow SC1 for afinal answer of k> 0.8 oe
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Question | Answer Marks | Partial Marks
3(i) Uses x = 2 asaroot: M1 | or 2 |a -12 5 6
a(2®) -12(2%) +5(2) + 6=0 J 2a  —24+4a  —38+8a
a -12+2a -19+4a -32+8a=0
Solves 8a—-48+10+6=0 tofind Al | or solves -32+8a=0 tofind a=4
a=4
If MO then SC1 for 4(2%) -12(2%) +5(2) +6=0o0r
showing that the synthetic divison witha =4
resultsin aremainder of O
3(ii) (Xx—2)(4x% — 4x—3) B2 | B1 for any two terms correct in quadratic factor
Product of three correct linear factors: Bl

(x—=2)(2x—-3)(2x+1)

x=2,x=15x=-0.5 oe B1 | dep on all previous marks having been earned

If B2 BO then award SC1 for correct factorisation of
correct quadratic factor leading to 3 correct roots

4 Either: Bl

A:lnx2 0€e, Soi
4

dA 2 . B1
— =—T7IX0€, Soi
dx 4

Bl
LS =0.01 soi
dt

M1
Z1:(6) x0.01 FT their oA when x =6
4 dx
0.03r or exact equivalent Al | mark final answer
Or: B1

A=nr? and rzg Soi

dA , Bl
— = 27r 0oe soi

dr

Bl

1 =0.005 oe soi

dt

2n(3) x 0.005 M1
0.03r or exact equivalent Al
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Question | Answer Marks | Partial Marks
5(i) 5(x—1.5)? —10.25 isw B3 | Bl for each of p, g, r correct in correctly formatted
expression; allow correct equivalent values
If BO then SC2 for 5(x-1.5)-10.25 or
SC1 for correct values but other incorrect format
5(ii ir — B2 | STRICT FT their part (i);
(D their ~1025 isleast value when part (0
X =theirls B1STRICT FT for each
6(a) 2x4o0r2by4 Bl
6(b)(i) 3 4 B2 3 4
(A=) 1 isw B1 for Lxtheir or for kx , Where k
21 2 2 12
isnotOorl
6(b)(ii) _1(13 20 B3 | FT their A* provided B1 earned in (b)(i)
~als g )W B1 for the strategy of using A
B=A"A"'soi or AB=A"s0i or BA=A"s0i or
B=(A")?
and B1 for two or three elements of B correct or
correct FT
7(a) lg(x*-3) =1g1 soi M1
—2and 2 Al | ImpliesM1
7(b)(i) | Two separatetermsin numerator: B1 | Combinestermsin numerator:
(sn(2x+5))Ina or gSn(2x+5)
log, a®"®*® = (sin(2x+5))log, a or In a
—Ina or Bl | or (sn(2x+5)-1)Ina
log,a™ =—log, a
a_s'n(2x+5)
In .
or a _ Ioga(asm(2><+5)—l)
Ina
sin(2x+5)-1 B1 | dep al previous marks awarded;
7(b)(ii B3 | FT their numerical k
(o)1) —Ecos(2x+5)+(their—1)x (+o 1
2 B2 for —Ecos(2x+5) seen
or Bl for acos(2x+5), a<O0 orfor %cos(2x+5)
1
or for —§c052x+53een
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Question | Answer Marks | Partial Marks
8(a B2
@ —@ag’[xg’] and —Ea[xﬂ 0e soi B1 for either —Qas[xﬂ or —Ea[xﬂ oe
8 32 8 32
GC3 3 3 6C5 5
or or for —?a [x ] and —ga[x ] o€,
20 6 f 6C3 3[ 3 d 6c:5 5
Ea3|:x3:| and 5a|:x5:| Oemi or ror ?a I:X ] an ga[x ] oe
or for Qa‘g[xﬂ and ka[x5] oewherek>0
8
or for ka3[x3] and Ea[x5] oewherek >0
32
M1
their 22 a® =120 their 2-a 0€ SO
8 32
[a=]+3 Al
8(b)(1) | 1+ 40x+ 760%% + 9120x3 B2 | B1 for three out of the four terms correct
If BO then SC1 for 1, 40x, 760x°, 9120x° seen but
not summed
8(b)(i)) | 1+ 40(-0.01) + 760(~0.01) + B2 | or M1 for useof x=-0.01oeintheir expansion
9120(-0.01)° seen or implied by e.g. 0.66688 without working or
(-0.01) 1-0.4+0.076 - 0.00912
or 1-0.4+0.076 — 0.00912 oe
leading to 0.66688 cao
9(a) 6(1— cos? X) —13cosx =1 oe Bl
Solves or factorises their 3-term M1
quadratic
70.5 and 289.5 A2 | with no extrasin range
A1 for either, ignoring extras in range
9(b)(i) | Numerator: M1
Substitution of tany = sny
cosy
Denominator: M1
Substitution of
1+tan®y=sec’y
)
or substitution of 1+tan®y=1+ sz y
cos”y
and correct rearrangement to oe
cos’ y
Correct completionto 4siny cao Al
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Question | Answer Marks | Partial Marks
9(b)(ii) | —0.848[06...] rot to 3 or more figures B1 | with no extrasin range
10(a) 52 + (_15)2 seen M 1
1 . . . Al
——(51-15)) o€, isw
5ot )
10(b)(i) 9 _ B1
0€, SOi
12

HENEE ”
o [2) 4 o 2] ann

9 Al . -9
[3 If B1 MO, award SC1 for afina answer of 3
oe
10(b)(ii) | Formsavalid vector relationship using M1 | or DC=0C-0D
DC and eg. OD or DB 6 C(9) 1(12)
9 . (6 =their| _|-— SO
eg. their[ j:OD+[ ] oe 1'2j i AT
3 1.25 or DC=DBE-CB
. 6 9
or DBz( j+lxtheir( joe 6 _A-1 12 —}xtheir 9 SO
125) 3 12 125) 217 3 12
Finds a correct proportion A1l | or solves acorrect equation in A

e.g. OB=40D oe soi

. _ eg. 6:9—1><12
or 30B =4DB oe soi A

A=4 A1l | from afully correct method
11(i) vz0 or v>0 oe Bl
11(ii) | Differentiates: B2 | B1for k(t+1)™ with k=-12

4x-3(t+1)* oe, isw

1 Bl
———oe or —0.00926
108

11(iii) | Integrates: B3 | B2for —2(t+1)72 [+c]

[s=]-2(t+1)+2 oe, isw

or Blfor k(t+1)? [+c] withk= -2
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11(iv) | Findstheir sfrom (iii) whent =4 M1
orwhent=3
or finds
[their (~2(t +1) 2[+2] )}:
— their (—2(4+1)*2 —(—2(3+1)*2))
9 Al
—— or 0.045
200
12(a)(i) | g>-9 Bl
12(a)(ii) | x>1 B1
12(8)(iii) | [of (=] 4(5x-2)*-9 Bl
100x* —80x—38=0 M1
or (5x-2)* = 45+9
4
x<] —~(~80) £ /(~80)? — 4(100)(~38)
- 2(100)
leading to 42?)@ oeonly Al
or l(hﬁ] or better only
5 4
12(b)(i) | (They are) reflections (of each other) in B1
(theline) y =x oe
2(b)(ii) | x2=y?2+1  or yY*=x*+1 M1
x=[+]{y?+1 or y=[£]Nx*+1 Al
—vx2 +1 nfww Al

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 9 of 9




Cambridge Assessment International Education
Cambridge International General Certificate of Secondary Education

Cambridge

IGCSE

ADDITIONAL MATHEMATICS 0606/23
Paper 2 May/June 2019
MARK SCHEME

Maximum Mark: 80

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the May/June 2019 series for most

Cambridge IGCSE™, Cambridge International A and AS Level and Cambridge Pre-U components, and
some Cambridge O Level components.

This document consists of 8 printed pages.

| Cambridge Assessment

© UCLES 2019 International Education ~ [Turnover
Need a home tutor? Visit smiletutor.sg



0606/23 Cambridge IGCSE — Mark Scheme May/June 2019
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 3 of 8



0606/23 Cambridge IGCSE — Mark Scheme May/June 2019
PUBLISHED
Question Answer Marks Partial Marks
1 For attempting to solve M1 | where* may be any inequality sign or =
9x? +17x— 2[*0]
Al
Critical values % -2
o<l final answer AL | FT their critical valuesfrom ax? + bx+c<Owitha
9 >0
2 Bl
i(tan3x) =35ec? 3X i
dx
d ( x) X Bl
—| COsS— |=—=siN—s0i
dx 2 2
Applies correct form of product rule M1
{dy } Al
dx
_LfgnX tan3x + 3(sec? 3x) cos~
2 2 2
oeisw
3(i) 7-9 2 M1
oeor —— seen
4-(-3) 7
. 2 M1
y —4=their - (x-16)
or y=their(—§jx+c
and their c= 40 oe
7
2X+7y=40 oe Al
3(ii) (10 (40 M1 | FT their equation from part (i)
their| — | +their| —
2 7
20.8[00...] Al
4(i) Correct graph B3 | B1 Correct sinusoidal shape with midlineaty = 4
B1Two cycles
B1 Correct amplitude
Maximum of 2 marksif not fully correct
4(ii) 180° B1
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Question Answer Marks Partial Marks
A(iii) 3 Bl
5@)(@) |[3by2or3x2 Bl
5@)(i) | (o o B1
00
00
5(b) 1 _ B2 | B1for either
andBisC*oe
0
5(c -4 B2 -4
© S > a B1 for 1 or ..x > a
9all a 9a 1 a
6(i) 9(3x-5)2 -2 isw B2 | B1 for k(3x—5)? k9 seen
54(3x—5) isw B2 | B1 for k(3x—5)"Y k= 54 seen
6(i)) | solvestheir 9(3x-5)>-2=0 M1
Al
[x=] §i£ or exact equivalent
3 9
6(iii) M1
Substitutes their S + Q
3 9
or theirE—Q into
3 9
their 54(3x—5)! and considers sign of
result
2 Al
When x:§+£ M>0
3 9 dx
SO minimum
2
and when x=§—£ M<0
3 9 d¥
SO maximum
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Question Answer Marks Partial Marks
7() | [AD=BC=|35 soi B1
Valid method for finding DC M1
[DC :] 19.2836... Al
M1
50><ﬂ oe
9
4 Al
35+ 35+ 19.2836... + soxg
=159 or awrt 159 isw
7(ii) Sector —triangle: M1 | or Segment + trapezium :
1 5022 1 5[ 2 _gn2®
2 9 2 9
M1
_6 x theirl5® xsin (%"D oe +(%(64.2787... +19.2836...) x 26.81155)
1630 or 1634.538... rot to 4 or more Al
figs, isw
8(a)(i) p=2 q=7, r=-7 B3 | B1for each
or
M1 for any two of
2
8(x2)7 (—ij 8x 7(x2)6 (—iJ :
px 2 px
3
8x7
X 7% 6(X2)5 1
3x2 px
or better
8(a)(ii) | Validexplanation Bl
8(b) _ 2 B1
M[—lj [X] seenorimplied
2 2
B 2 M1
their M(—EJ ~30
2 2
n’-n-240=0 Al
16 Al
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9 Roots of curve: (4, 0) or (-4, 0) oe Bl
Intersections: (-3, 7) or (3, 7) oe Bl
Correct strategy for finding area B1
33 M1
j(16— x2) dx =16x—~
X3
or [(9—x*)dx=9x——
[o-x) ;
F(b) — F(a) M1
Al
148 or 491 or 49.3[33...]
3 3
10(i) PQ= q-p B3 | B2 for any two correct or
QA=2p—q Blfor OA=2p or OB=4q soi
PB=4q-p
10(i) | PQ=A(49-p)- u(2p—q)oeisw B2 | B1for PQ=APB- QA soi

10(iii) | For equating the coefficientsof p or g in M1
q-p=A4(49-p)-u(2p-q)

41+ u=1 oe Al | FT their (ii) provided intermsof A, &, p and q
A+2u=1 oe
Solves their equationsin A and i M1
1 3 Al
ﬂ,:—, = —
7477
11(i Bl
® { =%=} 5+ cost
dt
5+ cost # 0 (and so never at rest) oe Bl
11(ii M1
1 x=5££)+sin[£j or
3 3
I . T
X=5| = |+sin| — |seen
2=l
2.75t0 2.752 Al
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11(iii) [ _av _} snt M1 | FT their v provided of the form k + cost
[t=4, a=—sin4=] 0.757 or Al
0.7568[024...]

11(iv) | Valid method soi e.g. M1
their(—sint)=0 or cost=-1
sketch of v=>5+ cost
t=mxn Al

12 Eliminatesy: M1
10x* —19x* — x = 4x—6 oe
Collectsterms: Al
10x® ~19x* ~5x+6=0
X — 2 isafactor soi Bl
Correct quadratic factor: B2 | B1 for any two correct elements of quadratic factor
(10x% + x—3)
Factorises their 3-term quadratic or M1
solvestheir 3-term quadratic = O:
(5x+ 3)(2x—1) oe
(-0.6,-8.4), (0.5, -4) A2 | Alforx=-0.6,x=0.50ry=-84,y=-4nfww or
for one correct (x, y) pair
(thei r(-0.6+0.5) their(-8.4+ —4)j e M1
2 ’ 2

(-0.05,-6.2) oe Al
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Quadratic Equation

For the equation ax* + bx + ¢ = 0,

Binomial Theorem

(a+b)"=a"+

where n is a positive integer and (

Identities

Formulae for AABC

© UCLES 2019

n
an—1b+

2

Mathematical Formulae

1. ALGEBRA

‘o —b+Vb®— 4ac
2a

n
ar'p +...+D0"

N\ _no,2
+ .+
o la b*+ ... r

n!

- (n—=r)ir!

2. TRIGONOMETRY

sin A+ co A=1
sec? A=1+tan’ A

cosec’ A= 1+ cot’ A

a _ b _ c
snA ~ snB T sinC

a®=b?>+c?—2bccosA

A:%bcsinA
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1 (a) OntheVenn diagrams below, shade the region indicated.

€

A

¢

(AnB)uC

(A'uB) NnC
(2]

(b) On the Venn diagram below, draw sets P, Q and R such that

© UCLES 2019

PCR, QcR and PNQ=a.

(2]
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2 (i) Writedown the amplitude of 4sin3x—1.

(i)  Write down the period of 4sin3x—1.

(1]

(1]

(iif)  Onthe axes below, sketch the graph of y=4sin3x—1 for —90° < x° < 90°.

© UCLES 2019

0606/11/M/J/19

(3]
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5
3  Thepolynomial p(x) = (2x—1)(x+Kk) —12, wherekisaconstant.

(i) Writedown the value of p(—K). [1]

When p(x) isdivided by x+ 3 theremainder is 23.

(it) Find the value of k. [2]

(iii)  Using your value of k, show that the equation p(x) =—25 has no real solutions. [3]
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6

4 (i) Thefirst 3terms, in ascending powers of x, in the expansion of (2+ bx)8 can be written as
a+ 256x + cx?. Find the value of each of the constants a, b and c. [4]

(i) Using the valuesfound in part (i), find the term independent of x in the expansion of

(2+ bx)8 <2x — %)2 . [3]
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5 A particle P is moving with avelocity of 20ms ™ in the same direction as <2)
(i) Find the velocity vector of P. [2]

Attimet = 0s, P has position vector (%) relative to afixed point O.

(i)  Write down the position vector of P aftert s. [2]

8) ms L.

> relativeto O at timet = 0s and has avelocity vector (12

A particle Q has position vector ( g

(iif) Giventhat P and Q collide, find the value of t when they collide and the position vector of the point of
collision. [3]
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0] X

The diagram showsthecurve y = 3x*—2x+1 andthestraightline y= 2x+5 intersecting at the points
P and Q. Showing all your working, find the area of the shaded region. [8]
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7 (a) Solve log,x+loggx = 12. [3]

(b) Solve log,(3y*—10) = 2log,(y—1) +3. [5]
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8 Itisgiventhat f(x) =5e*—1for x € R.

(i) Write down the range of f. [1]

(i) Find f~* and state its domain. [3]

Itisgivenalsothat g(x) =x*+4 for x € R.

(i) Find the value of fg(1). [2]
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(iv) Find the exact solutionsof g?(x) = 40. [3]
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12

In this question all lengths are in centimetres.

A closed cylinder has base radius r, height h and volume V. It is given that the total surface area of the
cylinder is 600n and that V, r and h can vary.

(i) Show that V = 300mr —mrs. [3]

(ii) Find the stationary value of V and determine its nature. [5]
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10 Whenlgy is plotted against x* a straight line graph is obtained which passes through the points (2, 4) and
(6, 16).

(i) Showthat y=10""B<, where Aand B are constants. [4]
(i) Find y when x:%. 2]
(iii)  Find the positive value of x when y= 2. [3]
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11 Itisgiventhat y=(x*+ 1)<2x—3)%.

2
(i) Show that % = LQXILl where P and Q are integers. [5]
(2x—3)2
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1
(i) Hence find the equation of the normal to the curve y= (x2 + 1)(2x— 3)2 at the point where x = 2,
giving your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers. [4]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ -b+b* -4ac

2a

X

Binomial Theorem

n
1

n

5 ar2pZ+ ...+

n
(a+b)"=a"+|, [a*lb+ ]

n
r

n!

where n is apositive integer and ( = =0t

2. TRIGONOMETRY
Identities
SN A+cosA=1
sec?A=1+tan’ A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ ¢
snA ™~ snB ™~ snC

a?=b?+c?-2bccosA

1
A—ZbcsmA
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1 (a) OntheVenn diagrams below, shade the region indicated.

€ A B €
C
ANB'NC’
(b) € = {x:0° < x< 360°}
P = {x:cos2x = 0.5}
Q={x:sinx=0.5}
Find PNQ.
© UCLES 2019 0606/12/M/J/19

3

AU (BNC)

(2]

(3]
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2 Donot useacalculator in this question.

Find the coordinates of the points of intersection of thecurve y = (2x+3)2(x—1) andtheline
y = 3(2x+3). [5]
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3 Thenumber, B, of acertain type of bacteriaat timet days can be described by B = 200e* + 800e 2.

(i) Findthevalue of Bwhent=0. [1]
(i) At theinstant when % — 1200, show that e* —3e? —4 =0, 3]
(iii) Using the substitution u = e*, or otherwise, solve e*—3e* -4 =0. [2]
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r2) Jar
4 (a) Giventhat <|2 ) \2/?71 can be written in the form  p2qPr¢, find the value of each of the constants a,
o*(pr?)
b and c. [3]
(b) Solve 3xi—y T =4,

4y +3y77 = 14, [3]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/12/M/J/19



12cm

9.6cm

0 rad
0 C B

The diagram shows the right-angled triangle OAB. The point C lies on the line OB. Angle OAB = % radians
and angle AOB = 6 radians. AC isan arc of the circle, centre O, radius 12cm and AC has length 9.6cm.

(i) Findthevaueof 6. [2]

(i) Find the area of the shaded region. (4]
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8

6 (a) Eight books are to be arranged on a shelf. There are 4 mathematics books, 3 geography books and
1 French book.

(i) Find the number of different arrangements of the books if there are no restrictions. [1]

(i) Find the number of different arrangements if the mathematics books have to be kept together. [3]

(iii)  Find the number of different arrangements if the mathematics books have to be kept together and
the geography books have to be kept together. [3]
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(b) A team of 6 playersisto be chosen from 8 men and 4 women. Find the number of different ways this

can be done if
(i) thereareno restrictions, [1]
(ii) thereisat least one woman in the team. [2]
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7  Apilot wishesto fly his plane from a point A to a point B on a bearing of 055°. There is awind blowing at
120kmh from the west. The plane can fly at 650kmh2 in still air.

(i) Findthedirection in which the pilot must fly his planein order to reach B. [4]

(i) Given that the distance between A and B is 1250km, find the time it will take the pilot to fly from
AtoB. [4]
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8 WheneYisplotted against % astraight line graph passing through the points (2, 20) and (4, 8) is obtained.

(i) Findyintermsof x. [5]
(i) Hencefind the positive values of x for which y is defined. [1]
(iii)  Find the exact value of y when x = 3. [1]
(iv) Find the exact value of xwheny = 2. [2]
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9
y
A
y = 4+2c0s3x
y=5
P Q
o X

The diagram showsthe curve y=4+2cos3x intersectingtheline y=5 atthepointsP and Q.

(i) Find, interms of 7, the x-coordinate of P and of Q. [3]
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(ii)  Find the exact area of the shaded region. You must show all your working. [6]
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10

hcm R 4xcm

Xcm

The diagram shows an open container in the shape of a cuboid of width xcm, length 4xcm and height hcm.
The volume of the container is 800cm?.
2000

(i) Show that the external surface area, Scm?, of the open container issuchthat S= 4x° + vt [4]
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(ii) Given that x can vary, find the stationary value of Sand determine its nature. [5]

Question 11 isprinted on the next page.
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2
11 Thenormal to the curve y= (x— 2)(3x+ 1)3 at the point where x = % meets the y-axis at the point P.
Find the exact coordinates of the point P. [7]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + c = 0,
‘o —b+Vb?— 4ac
2a
Binomial Theorem
(a+b"=a"+ 2 a*lb+ 2 ar2p2+ .+ ? ar b +...+b",

n

where n is a positive integer and ( ]

Identities

Formulae for AABC

© UCLES 2019

_ n!
~ (n=-n)r!

2. TRIGONOMETRY

s A+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

a _ b _ c
snA ~ snB T sinC

a?=b2+c?—2bccosA

A:%bcsinA
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1 Describe, using set notation, the relationship between the sets shown in each of the Venn diagrams below.

€ €

(3]

ﬁ)(qf>_2 1

2 Giventhat — =
p2gir pig°r

, find the value of each of the constants a, b and c. [3]
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4

3  Showthat theline y=mx+4 will touch or intersect the curve y = x*+3x+m for al values of m.

[4]
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4  Itisgiven that y:w for x> 1.
. , d .
(i) Findthe value of d—i when x = 2. You must show all your working. [4]
(if)  Find the approximate changeiny as x increases from 2 to 2+ p, where p is small. [1]
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5 (i) Onthe axes below, sketch the graph of y =|3x?—14x—5
where the graph meets the coordinate axes.

, showing the coordinates of the points

[4]

(ii) Find the exact value of k suchthat |3x?—14x—5|=k has 3 solutions only. [3]
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tan@

6 (@ (i) Show that sece—cosecezcose. [3]
N tan20 _ /3 o .

(i) Solve sec260— cosec20 — 2 for 0°< 6 < 180°. [3]

(b) Solve 25in2<¢+%) —1 for 0< ¢ < 2n radians. [4]
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7 Donot useacalculator in this question.
In this question, all lengths are in centimetres.

A

2Vy5-1

B 2+\/§

The diagram shows the triangle ABC suchthat AB =2v5—1, BC=2++5 andangle ABC = 90°.

(i) Find the exact length of AC. [3]
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9

(i) Find tan ACB, giving your answer in the form p+qv'r, wherep, g and r are integers. [3]

(iii) Hencefind sec?ACB, giving your answer intheform s+tv/u wheres, t and u areintegers. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/13/M/J/19 [Turn over



10

8 f:x—e* for xe R
g:Xx—2x+1 for x>0

(i) Write down the range of g. [1]
(i) Showthat f 'g(v/62)=In5. [3]
(i) Solve f’(x) =6g"(x), givingyour answer intheform Ina, where ais an integer. [3]
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(iv) On the axes below, sketch the graph of y = g and the graph of y = g™, showing the points where the
graphs meet the coordinate axes.

y
A
O >

(3]
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9 (a) Jack haswon 7 trophies for sport and wants to arrange them on a shelf. He has 2 trophies for cricket,
4 trophies for football and 1 trophy for swimming. Find the number of different arrangementsiif

(i) thereareno restrictions, [1]

(if) thefootball trophies are to be kept together, [3]

(iii) thefootball trophies are to be kept together and the cricket trophies are to be kept together.  [3]
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(b) Ateam of 8 playersisto be chosen from 6 girls and 8 boys. Find the number of different ways the team
may be chosen if

(i) thereareno restrictions, [1]
(i) al thegirlsarein the team, [1]
(iii) atleast 1 girl isinthe team. [2]
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2 1
10 A curveissuch that % = (2x+ 3) 2, The curve has agradient of 5 at the point where x = 3 and passes
X

(11
through the point (E’ — 5).

(i) Find the equation of the curve. [7]
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(if)  Find the equation of the normal to the curve at the point where x = 3, giving your answer in the form
ax+by+c =0, wherea, b and c are integers. [4]

Question 11 isprinted on the next page.
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11 A pilot wishes to fly his plane from a point A to a point B. The bearing of B from A is 050°. A wind is
blowing from the north at a speed of 120kmh™. The plane can fly at 600kmh™ in till air.

(i) Find the bearing on which the pilot must fly his plane in order to reach B. [4]

(ii) Given that the distance from A to B is 2500km, find the time taken to fly from A to B. [4]
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Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

Binomial Theorem

(@+b"=a"+

. L n
where n is a positive integer and ( r)

| dentities

Formulae for AABC

n
=1
12 b+

2

Mathematical Formulae

1. ALGEBRA

_—bENb’ —dac

2a

X

n n
2arF2b2+...+ R+ L+ "

_ n!
~(n=n)r!

2. TRIGONOMETRY

s A+ cos?A=1
sec?A=1+tan?A

cosec2 A=1+ cot? A

a b ¢
snA ™ snB "~ snC

a?=b?+c?2—2bccosA

1 )
A=§bcsmA
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1 Findthevaluesof x for which x(6x + 7) = 20. [3]
2 Two variables x and y are such that y=|n—§( forx > 0.
X
. dy 1-3Inx
(i) Show that X @ [3]
(i) Hencefind the approximate changeiny as x increases from e to e + h, where h is small. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/21/M/J/19 [Turn over



4

(i) Sketchthegraphof y=|5x—3| on the axesbelow, showing the coordinates of the points where the
graph meets the coordinate axes.

y

#

(3]

(i) Solvetheequation |5x—3|=2-x. [3]

(v5-3)

N intheform p+v/5+q, where p and q are integers. [4]

Without using a calculator, express
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H H

o 4 k  k+6 " ts
The velocity-time graph represents the motion of a particle travelling in a straight line.

(i) Find the acceleration during the last 6 seconds of the motion. [1]
(ii) The particle travels with constant velocity for 23 seconds. Find the value of k. [1]
(iif)  Using your answer to part (ii), find the total distance travelled by the particle. [3]
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@) A= (Xz+x3 x_—xs)

Given that A does not have an inverse, find the exact values of x.

03
(b) B=|-41 andC:(g _411 :)
52

(i)  Write down the order of matrix B.

9 —-12 15

(i) Thematrix BC =(3 —8 —3]|. Explainwhy CB # BC.

6 -3 20

(3]

(1]

(2]
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7 Thevariablesx,yanduaresuchthat y=tanu and x=u®+1.

(i) Statetherate of change of y with respect to u. [1]

(i)  Hencefind the rate of change of y with respect to x, giving your answer in terms of x. [4]
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8cm

A D C

The diagram shows a right-angled triangle ABC with AB = 8cm and angle ABC = % radians. The points D

and E lie on AC and BC respectively. BAD and ECD are sectors of the circles with centres A and C

respectively. Angle BAD = %I radians.

(i) Find the area of the shaded region. [6]
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(if)  Find the perimeter of the shaded region. [3]
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10
(a) Eleven different felevision sefs are to be displayed m a hne 1o a large shop.

(1) Fmd the mmber of different wayvs the televizions can be airanged. 1]

Of these television sets, & are made by company 4 and 5 are made by company B.

() Fmd the pumber of different ways the televisions can be airanged so that no two sefs made by
company .4 are next to each other. 21

(b) A zroup of people 15 o be selected from 5 women and 3 men.

(1) Caleulate the mumber of different zroups of 4 people that have exactly 3 women. 21

(i) Caleulate the pumber of different groups of at most 4 people where the number of women is the
same a5 the mumber of men. 21
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1
10 Solutionsto thisquestion by accurate drawing will not be accepted.

The points A and B have coordinates ( p, 3) and (1, 4) respectively and the line L has equation 3x+y = 2.

(i) Given that the gradient of ABis l, find the value of p. [2]
(i)  Show that L isthe perpendicular bisector of AB. [3]
(ili) Given that C(q, —10) lieson L, find the value of g [1]
(iv) Find the areaof triangle ABC. [2]
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. cosecO—coto 1
1 (3 () Show that o082 [4]
(i) Hencesolve S9SCO—COO _5 ¢ 1000 < g < 360°. 2]

sin@ 2
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(b) Solve tan(3p—4)=—3 for 0< ¢ <2 radians 3]

T
2
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12 (a) Giventhat f “e¥dx = 50, find the exact value of a. You must show all your working. [4]
0
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(b) A curveissuch that % = 3—2cos5x. The curve passes through the point (% 8%)
(i) Find the equation of the curve. [4]
(i) Find Jydx and hence evaluate J: yadx. [5]
2
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Quadratic Equation

For the equation ax2 + bx + ¢ = 0,

Binomial Theorem

(@+b"=a"+

. L n
where n is a positive integer and ( r)

| dentities

Formulae for AABC

© UCLES 2019

n
=1
12 b+

2

Mathematical Formulae

1. ALGEBRA

_—bENb’ —dac

2a

X

n n
2arF2b2+...+ R+ L+ "

_ n!
~(n=n)r!

2. TRIGONOMETRY

s A+ cos?A=1
sec?A=1+tanA

cosec? A=1+ cot? A

a b ¢
snA~ snB ™ snC
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sinx dy

1 Giventhat y==—=, findanexpressionfor 5= . [4]
Inx? dx
2 Find the values of k for which the equation (k—1)x? +kx—k = 0 hasreal and distinct roots. [4]
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3 (i) Giventhat x—2 isafactorof ax’—12x*+5x+6, usethefactor theorem to show that a = 4. [2]

(i) Showing all your working, factorise 4x® —12*+ 5+6 and hencesolve 4x®—12x?+ 5+6 = 0.

[4]
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4  Acircle hasdiameter x which isincreasing at a constant rate of 0.01cms . Find the exact rate of change of
the area of the circlewhen x = 6¢cm. [5]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/22/M/J/19 [Turn over



6

5 (i) Express 5x?—15x+1 intheform p(x+ q)z +r, wherep, gand r are constants. [3]

(i) Hence statetheleast valueof x?—3x+0.2 and the value of x at which this occurs. [2]
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. (0148
6 (a) Statetheorder of the matrix (5 81 6)' [1]
2 -4
(b) A—(_l 3)
(i) Find A% [2]
(i) Hence, giventhat ABA =1, find the matrix B. [3]
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7 (a) Solve Ig(x*—3)=0. [2]

Inas"®+9 4 |n %)

(b) (i) Show that, for a > 0, na may be written as sin(2x+ 5) + k, where k is an
integer. (3]

Inas"®*9 4 |n (%)

Ina

(i) Hencefind ( dx. [3]
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6
g) . the coefficient of x° is 120 times the coefficient of x°. Find

the possible values of the constant a. (4]

8 (a) Inthebinomial expansion of (a—

(b) (i) Expand (1+2¥)%° in ascending powers of x, asfar asthetermin x°. Simplify each term.  [2]

(i) Useyour expansion to show that the value of 0.98%°is 0.67 to 2 decimal places. [2]
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9 (a) Solve 6sin’x—13cosx= 1 for 0° < x< 360. [4]
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1n

(b) (i) Show that, for —% <y< T dtany can be written in the form asiny, where a is an

integer. V1+tan’y [3]

any

. 4t .
(i) Hencesolve ﬁ+3 =0 for —% <y< % radians. (1]
+tan’y
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10 (@) Findthe unit vector inthe direction of 5 — 15j. [2]

. . . . 12 .
(b) The position vectors of points A and B relative to an origin O are (_ g) and ( 7) respectively. The
point C lieson AB such that AC: CBis2: 1.

(i) Find the position vector of C relativeto O. [3]
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The point D lies on OB such that OD : OB is1: A and DC = (1625>

(i) Find the value of A. [3]
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11 Thevelocity, vms, of aparticle travelling in astraight line, t seconds after passing through a fixed

point O, isgivenby v = 4 3-
(t+1)
(i) Explain why the direction of motion of the particle never changes. [1]
(i) Showing all your working, find the acceleration of the particle when t = 5. [3]
(iii) Find an expression for the displacement of the particle from O after t seconds. [3]
(iv) Find the distance travelled by the particle in the fourth second. [2]
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12 (a) Thefunctionsf and g are defined by
f(x) =5x—2 for x> 1,
g(x) =4x*—9 for x > 0.

(i) Statetherange of g. (1]
(i)  Find the domain of gf. [1]
(iif)  Showing al your working, find the exact solutions of gf(x) = 4. [3]

Question 12(b) is printed on the next page.
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(b) Thefunction hisdefinedby h(x) =vx*—1 for x<—1.

(i) Statethe geometrical relationship between the graphsof y = h(x) and y = h™(X). [1]
(i) Find an expression for h™(x). [3]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

=—biVb2—4ac

2a

X

Binomial Theorem

n
1

n

n
5 arZp2+ ..+

(a+b=a"+

n
r

n!

where n isapositive integer and ( = (GERIE

2. TRIGONOMETRY
Identities
SNPA+cosA=1
sec?A=1+tan? A

cosec? A=1+ cot? A

Formulae for AABC

a _ b _ ¢
snA ™ snB " snC

a?=b?+c2-2bc cos A

1 )
A—ébcsmA
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1  Findthevaluesof x for which 9x2+ 18x — 1 < x + 1. [3]
2 Differentiate tan3x (DS% with respect to x. [4]
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4
3  Thepoints A, B and C have coordinates (4, 7), (—3, 9) and (6, 4) respectively.

(i) Findthe equation of theline, L, that is parallel to the line AB and passes through C. Give your answer
in the form ax + by = ¢, where a, b and c are integers. [3]

(i) Theline L meetsthe x-axis at the point D and the y-axis at the point E. Find the length of DE. [2]
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4  Thefunction f isdefined, for 0° < x < 360°, by f(x) = 4+ 3sin2x.

(i) Sketch the graph of y = f(x) on the axes below.

7\
8
0 >
0° 60° 120° 180° 240° 300° 360° X
-8
(3
(ii) Statethe period of f. [1]
(iii)  State the amplitude of f. [1]
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5 (a) Giventhat A=(0 —1) andthat A+O =A,
6 4
(i) statethe order of the matrix A, [1]
(it)  write down the matrix O. [1]

(b) B:<l —1> andC:( 0.4 0_2)

3 2 -0.6 0.2/ °
Find the matrix product BC and state a relationship between B and C. 2]
4 . o ) .
(c) D= (_i 2) , Where ais a positive integer. Find D=1 in terms of a. [2]
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6 Acurvehasequation y= (3x— 5)3 —2X.

. dy  d%
() Find g and v (4]
(i)  Find the exact value of the x-coordinate of each of the stationary points of the curve. [2]
(iii)  Usethe second derivative test to determine the nature of each of the stationary points. [2]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/23/M/J/19 [Turn over



The diagram shows a company logo, ABCD. The logo is part of a sector, AOB, of a circle, centre O and
radius 50cm. The points C and D lie on OB and OA respectively. The lengths AD and BC are equal and
AD 1 AO is7: 10. Theangle AOB is 4 radians

(i) Find the perimeter of ABCD. [5]
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(i) Find the area of ABCD. [3]
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8
8 (a) () Giventhat (x2 —~ i) = x*®—4xB3+ x4+ rx +..., find the value of each of the constants p,

gandr. PX [3]

8
(i) Explain why thereis no term independent of x in the binomial expansion of <x2 — &) . [1]

VX

n
(b) Inthebinomial expansion of (1 - 7) , Where nisapositiveinteger, the coefficient of xis 30. Form

an equation in n and hence find the value of n. [4]
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y=16—x*

/ ° \ E

The diagram shows the curve y = 16 — x2 and the straight liney = 7. Find the area of the shaded region.
You must show all your working. [6]
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10

A

The diagram shows a triangle OAB. The point P is the midpoint of OA and the point Q lies on OB such that
aﬁ = %6@ The position vectors of P and Q relativeto O are p and g respectively.

(i) Find, intermsof p and g, an expression for each of the vectors PQ, QA and PB. [3]

(i) Giventhat PR= A PEand that QR=  QA, find an expression for PQ intermsof A, &, pandq. [2]
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(iif)  Using your expressions for ﬁﬁ find the value of A and of u. [4]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/23/M/J/19 [Turn over



14

11 A particle travelling in a straight line passes through a fixed point O. The displacement, x metres, of the
particle, t seconds after it passesthrough O, isgiven by x = 5t+sint.

(i) Show that the particle is never at rest. [2]

n

(ii)  Find the distance travelled by the particle between t = 3 andt= % [2]
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(iii)  Find the acceleration of the particlewhent = 4. [2]

(iv) Find the value of t when the velocity of the particleisfirst at its minimum. [2]

Question 12 is printed on the next page.

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/23/M/J/19 [Turn over



16
12 Do not usea calculator in thisquestion.

Theline y=4x— 6 intersectsthecurve y= 10x3 — 19x%2 — x at the points A, B, and C. Given that C is
the point (2, 2), find the coordinates of the midpoint of AB. [10]
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Guidance
1 ANnB oe Bl
(XNY)u(XnZ)or Xn(YuZ) Bl
2 2%% +3x+k=kx—3 M1 | For an attempt to equate and simplify to a
3 term quadratic equation, allow an error
in one term
2x% +(3-Kk)x+(k+3)=0 Al
(3- k)Z —4x2x(k+3) M1 | For attempt to use the discriminant, allow
previous error, leading to aquadratic
equation in terms of k
k? —14k —15=0 giving critical values of Al | For critical values
-1 and 15
-1<k<15 Al
3 x M1 | For expressing the terms on the left hand
Either 7*x 7% or 492x49” or 5™ x5% side of either one of the 2 equationsin
5% terms of powersof 7, 49, 5 or 25
or 252 x 25’
x Al
7*x 7% =7° or 492 x 49" = 49°
5x Al
5% x5% =572 or 252 x25' =25
leadingto x+2y=0 M1 | For attempt to solve two linear equations,
and 5x+ 2y =-2 with integer coefficients and constants, in
termsof xand y
e 1 1 Al
277y
4(i) d 2 8x B1
—(In(4x* +1))=——
dx( ( )) 4x? +1
(2x— 3) . iix 3 B 2In(4x2 +1) M1 | For attempt to differentiate a quotient
ﬂ — ( X+ ) A1l | For al other terms, not including
dx (2x-3)*
>— , correct
4x° +1
4(ii M1
(i When x=2, Q=E-2In17 For attempt to find value of 7 when
dx 17 dx
=-4.73 x =2 and multiply by h
Changein y=-4.73h Al
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Question Answer Marks Guidance
5(i) f>1 B1 | Must be using correct notation
geR B1 | Must be using correct notation
5(ii) 9(0)=1g(1)=2 M1 | For attempt at g”and correct order
and attempt at f (2)
f(2)=164.8 awrt 165 Al
5(iii) B3 | B1for correct f and (0,4), must bein
first and second quadrant
B1 for correct f* and (4,0), must bein
first and fourth quadrant
Bl for y=x and/or symmetry implied,
by ‘matching intercepts. No
intersection.
6 1 M1 | For attempt to differentiate, must bein
Y (ex+5 2 P 78
dx theform k(8x + 5) 2
1 Al
7 =4(8x+5)" 2
dx
1 Bl
Whenx=—,y=3
2
3(. 1 M1 1
Norma: y—3=——| Xx—= For attempt at the normal when x= —,
4 2 2
using correct process for their ;ﬂ and
X
their y.
6x+8y—27=0 Al
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Question Answer Marks Guidance
7() lgy=IgA+xlIgb B1 | For statement, may beimplied by
subsequent work
Either M1 | For one correct equation
6=I1gA+34Igb
or 3.6=I1gA+22Igb M1 | For another correct equation and attempt
to solve simultaneously
l[gb=2,b=100 Al
IgA=-0.8, A=10"%0r 0.158 Al

Or
Gradient=Igh =2

M1 | equating gradient to Ig b and attempt to

evaluate

b =100

Al | Must beidentified as b

6=I1gA+34lgb
or3.6=IgA+22Igb

M1

For a correct equation and attempt to find
IgA

lgA=-0.8, A=10"8or 0.158

Al | Must beidentified as A

7(ii)

I[g900=-0.8+2x oe

M1 | For correct use of y = 900

Xx=1.88

Al

8(i)

BC? = (7+J§)2 +(7—\/§.)2

=49+ 14/5+5+49-14/5+5

M1 | For use of Pythagoras theorem and

attempt to expand and simplify

=108
BC =6+/3 Al
Perimeter = 22 + 6+/5 + 6+/3 Al
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Question Answer Marks Guidance
8(ii) Either M1 | Either
1
§(4+ 3/5+11+ 2*/3)(7+ \/E) For avalid method and attempt to expand
1 out and simplify
=§(15+5\E)(7+£)
=%(105+ 355 +151/5 + 25)
Or M1 | Or

(4+368)+38) - {7+45)(7-48

=28+21/5+4/5+15+ %(49—5)

For avalid method and attempt to expand
out and simplify

Area= 65+ 255 A2 | Alfor each term
(i) Either M1 | For use of cosinerule

15* =10% +10” — 200cos AOB
cosAOB =-0.125

AOB=1.696 s01.70to2dp Al | Must have justification to 2 dp
Or M1 | For use of basic trig

. (AOB) 75
sn|— [=—

2 10
AOB _ 0.8481
2
AOB=1.696 s0 1.70to 2 dp Al
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Page 7 of 10

Need a home tutor? Visit smiletutor.sg




0606/11 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2019
Question Answer Marks Guidance
S(in) Angle DOC=% Bl
Either M1 | For attempt to get AOD or BOC

AOD = BOC = 0.5[27: —% —1.696)
AOD = BOC =1.77

Arc lengths=17.7 M1 | For attempt at arc length using their
previous answer
Perimeter = 15+10+(2x17.7) = 60.4 Al
Or M1 | For either arc length
10n
ArcAB=17 or ArcCD = Yy
(20n —arc AB—arc CD) M1
Perimeter = 60.4 Al
9iii) Either M1 | For areaof sector using their BOC
Areaof each sector = %102 (1.770)
Areaof triangles= M1 | For areaof onetriangle using the sine
1 T 1 . rule oe
—=x100xsin— |+| =x100sin1.70
2 3 2
Total area=177+43.3+49.6 M1 | For plan
Area=awrt 270 Al
Or M1 | For areaof a sector or area of atriangle
Area of upper segment = using thesinerule oe
%102 (1.696—sin1.696)
Areaof lower segment = M1 | For whichever has not been obtained in
revious part
Lio?[Z- 'nf) P >
2 3 3
Shaded area= 100r —are of the 2 segments M1 | For plan
Area=314.2—-35.2-9.06
Area=awrt 270 Al
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Need a home tutor? Visit smiletutor.sg

Page 8 of 10




0606/11 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2019
Question Answer Marks Guidance
10 1.5=2+cos3x M1 | For correct attempt to find points of
cos3x=-0.5 intersection
3= 2n 4n M1 | For dealing with 3x correctly
3" 3
Al
X =E or 40°
9
Al
X _4n or 80°
9
Either M1 | For subtraction method — condone
4n omission of or incorrect limits
,2 1.5—(2+ cos3x) dx
9
_ An M1 | For attempt to integrate — condone
[-0.5x— kSln3X]2§ omission of or incorrect limits
9
_ 4 A1l | All correct — condone omission of or
—0.5x—lsin3x} ° incorrect limits
3 2n
B 9
ot /3 r 3 M1 | Dep for application of limits, must bein
96 ) 19 6 recians
Al
Area= @ _r
3 9
Or M1 | For attempt at rectangle (must include
2n subtraction subsequently)
15x—
9
_ An M1 | For attempt to integrate — condone
[2x+ ksm3x]2§ omission of or incorrect limits
9
_ 4n A1 | All correct — condone omission of or
2x+£sin3x} ° incorrect limits
3 2n
B 9
8t /3 4 3 M1 | Dep for application of limits, must bein
— || =+ — radians
9 6 9 6
Al
Area= ﬁ _r
3 9
Need a home tutor? Visit smiletutor.sg
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Question Answer Marks Guidance
11(a)(i) 362880 Bl
11(a)(ii) 7! x2 Bl | For 7!
10080 B1 | For 7! x 2leading to 10080
11(a)(iii) | Total = 4! x4! x 3! =3456 B3 | B1 for treating as 4 separate units 4!
B1 for either number of ways of
arranging the maths books amongst
themselves 4! or the number of ways of
arranging the physics books amongst
themselves 3!
11(b)(i) 18564 Bl
11(b)(ii) | Total 3738 B4 | B1 4boys 3150
B1 5boys 560
B1 6boys 28
12 dy [ nj M1 | For attempt to integrate
—=Kkcos| x+—=| +cC
dx 3
dy ( nj A1l | All correct, condone omission of +c
—=-2C08| X+— | +C
dx 3
M1 | Dep for attempt to find ¢
5= —2cosﬁ+ c ® P !
3
Al
Q= —2cos(x+£j+4
dx 3
_ . M1 | attempt to integrate a second time to
y=psn| x+=| (+gx+d) n
3 obtain y= psin[x+§j
] T A1l | All correct, condone omission of +d
y=-2sn x+§ +4x+d
5n . 2n 4xm M1 | Dep for attempt to find a second arbitrary
3" —Zsm?+?+ d constant
Al
y=—25in(x+£j+4x+£+\/§
3 3
or y:—Zsin(x+gj+4x+ 2.78
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of agquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt  answers which round to
cao  correct answer only

dep  dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question Answer Marks Guidance
1(1) B3 | B1foryintercept (0,1), must havea
graph
B1 for starting and finishing at (+90,-1)
B1 for al correct, must be attempt at a
curve passing through (+30,-1) and
(+60,-3)
(i) 2 Bl
(i Bl
(i) 120° or 2
3
2 lgy? =mx+c B1 | May be implied by subsegquent work
Gradient= -4 (=m) Bl
c=32 B1
their Sither ™ M1 Dep onfirst B1
y=10 =2 2 , their Stheir ™
Useof Igy  =2lgyand 10 2 2
Or use of y2 — 10(their c+their mx) and
their E+'[heir m
2 2
y:1016—2X Al
3 14 B2 | All terms correct
X 13 ,
1—7 =1- 2X+7X or B1 for 2 correct terms
(1_ 2x)4 —1_8x+ 24X% . B2 | First three terms correct
or B1 for oneincorrect term
M1 | For attempt to multiply out to obtain
Product = 1-10x+ 22252 P 5 Py
7 (1)-10x+mx*, m=16
A1l | For both, need to identify aand b
az 10, b= 23 detify
7
A(i) B4 | B1 for shape, with max in first quadrant
B1for (-0.5,0) and (5,0)
B1for (0,5)
B1 all correct, with cusps and correct
curvaturefor x<0.5 and x>5
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Question Answer Marks Guidance
A4(ii) k=0 B1 | Not from incorrect work
Stationary point when M1 | For attempt to find y-coordinate of
121 stationary point, must be a complete
y= i‘? or +15.125 method i.e.
Use of calculus
Use of discriminant,
Use of completing the square
Use of symmetry
Allow if seenin part (i), but must be used
in(ii)
121 Al | ca0
k>—
5a(1) fg B1
5a(ii) gt Bl
5a(iii) £-1 Bl
5a(iv) 92 Bl
5(b)(i) Undefined at x=0 oe Bl
5(b)ii) | 4=a+b M1 | For attempt at h(1) and differentiation to
h'(x) = X—F; and attempt at h'(1) obtain h’'(1), must have the form
' p
h'(x)=— oe
(=5
b=- A1l | For both
a=12
6(a 75 71 B3
@ piqér‘ﬁ B1 for each term or for each of azg,
b=§,c=—Z
3 3
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Question Answer Marks Guidance
6(b) Either M1 | For change of base.
log, X+ =3
log, X
(Iog x)2 —3log, x+2=0 M1 | Dep for forming a 3 term quadratic
o 7X-l o 7x—2 equation in log, x and a correct attempt to
g7 - g? - g)lve
X=7, Xx=49 M1 | Dep on both previous M marks for
dealing with abase 7 logarithm correctly
Al | For both
M1 | For change of base
Or 1 +2log, 7=3 9
log, 7
2(|ng 7)2 ~3log, 7+1=0 M1 | Dep fpr fprming a 3 term quadratic
equation in log, 7 and a correct attempt to
log, 7=1 log,7=0.5
solve
X=7, X=49 M1 | Dep on both previous M marks for
dealing with a base x logarithm correctly
Al | For both
Or M1 | For change of base
19X 2197 _ 3 or 191000
Ig7 lgx
(ng)2—3lg7(lgx)+2(lg7)2=0 M1 | Dep fpr f_orming a 3 term quadratic
equation in lgxand a correct attempt to
lgx=2Ig7 Igx=Ig7
solve
x=7, Xx=49 M1 | Dep on both previous M marks for
dealing with a base 10 logarithm correctly
A1l | For both, must be exact
7 | 2 2 B1 X
O ﬂ:(ex +1)+2xex (x+5) For 2xe
dx
M1 | For attempt at differentiating a product or
expanding brackets and differentiating a
product
Al | For al other terms, apart from 2xe" ,
correct

© UCLES 2019
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Question Answer Marks Guidance
7(ii M1
i) When x=0.5, %=9.35 For attempt to find their ;ﬂ when
X X
x = 0.5and multiplication by p
Approximate change = 9.35p Al
7(iii) dy dx dy M1 | For use of correct rates of change
—_X— =
dx dt dt equation using their Y when x=0.5and
dx dx
9.346x — =2
dt ﬂ =2
dt
Al
% =0.214 FTon ——
at their 9.346
Must be correct to at least 3 sf
8(a)(i) Either B2 | For correct matricesin correct order
2 1 1 2 1 or B1if one correct matrix and adlip in
13 0l(a 1 3 one element of the other matrix
4
11 2|2|or|1 1 (2)
0 1 3|0 01
301 3 0
Or B2 | For correct matricesin correct order
2 110 3 or B1if one correct matrix and aslipin
(4 2 0) 13110 one element of the other matrix
102 31
2110 3
or (4 2)
13110
8(a)(ii) 10 M1 | For matrix multiplication of their (i), with
10 at least 2 elements correct, must bein
correct form, may be unsimplified
6|or(10 10 6 2 12)
2 A1l | All correct and identifying team E
12
Team E
8(b)(i) B2

1( 4 1
6l-2 1

Blfor1 and B1 for 41
6 -2 1
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8(b)(ii) C=A"B M1 | For pre-multiplication by their inverse
from (i)
1/ 4 1(5 O M1 | Dep for matrix multiplication, using their
C=5l2 1l1 = inverse from (i), at least 2 elements
correct
1(21 -2 Al
== oe
6l-9 -2
a(3i) nr%h =1200n Bl
B1 | Must have attempt to use in an equation
h= 1280 or irh= 1200 and substitution for S P “
r
into their S
Bl
S=2nr?+ (ZM X 12(2)0j
r
leading to given answer
o M1 .
() Ez&ﬂ—ﬂ Must obtain the form Ar+E2
dr r r
das 3 M1 | Dep for equating to zero and attempt to
Whenazo, r=y600, 843 solveto obtainr = ...
Al | For correct r
S, =1340 or 1341 Al
_ d?s 48007 B1 | For acorrect method to reach a correct
Either s =4n+ 3 conclusion
5 If r is not calculated, then must state that
d S .. r> O
— >0 sominimum
dr
Or Consideration of gradient e.g. B1 | Must be making a correct and convincing
r <8.43 | 843 >8.43 argument with sufficient detail
@ — 0 +
dr
Minimum point
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10(i) Either M1 | Attempt to use cosine rule
18 =107 +10” — 200cos AOB
cosAOB =-0.62 A1l | Allow unsimplified
AOB = 2.2395 or greater accuracy, so 2.24 Al | Must justify 2 dp
(to2dp)
or AOB=2.239... s02.24 (to 2dp)
AOB =2.240 s0 2.24 (to 2 dp)
10(i) . AOB 9 M1 | Attempt at trig using aright angled
Or sin > 10 triangle
or tan—AOB _9
2 V19
or cosPOB _ Y19
10
Al
ACB = awrt 1.12
AOB = 2.2395 or greater accuracy, so 2.24 Al | Must justify 2 dp
(to2dp)
or AOB=2.239... s02.24 (to 2 dp)
AOB = 2.240 s0 2.24 (to 2 dp)
10(ii) AOC =211 — 2(2_2395) or M1 | For attempt to find angle AOC or ABC
AOC AOC = 2r—2(their AOB)
or ABC =n—(2.2395) oe ABC = 7 — (their AOB)oe
AOC =1.804 or 1.803 A1l | Condone 1.8 or 1.80
Arc length = 18.04 or 18.03 M1 | For attempt at arc length using
10x their AOC
M1 | For attempt at AC using their AOC, or
AC =20sin29C o 3560 ABC P o
2 ABC but AOC = 2.24 or =
or /10% +102 — 200cos AOC 3
or /182 + 182 — 648c0s ABC
=15.690r 15.7
Perimeter = 33.7 Al | Allow awrt 33.7
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10(iii) Areaof sector = 50x1.804 M1 | For attempt at sector area
=90.20r90.15 %xlo2 «their AOC
AOC must bein radians
Areaof triangle= 50sin1.804 = 48.6 or 48.66 M1 | For attempt at area of triangle
%xmz « sintheir AOC
AOC must be in radians
Shaded area=41.6 or 41.5 A1l | Lack of accuracy is penalised here
11 1 M1 1
&y 2(3x—-1)3 +c For (ﬂ =) a(3x—1)3, condone
dx dx
omission of + ¢
A1 | All correct, condone omission of ¢
6=4+c M1 | Dep for attempt to find ¢
1 Al | All correct, may beimplied by c=2
[ﬂzj 2(3x-1)2 +2 ay beimplied by
dx
4 M1
y= %(3)(_ 1)§ +2x+d For attempt to integrate their (j—‘i to obtain
4
theform y=b(3x-1)s (+mx+d)
A1 | All correct, condone omission of d
11=14+d M1 | Dep for attempt to find d, a second
arbitrary constant, having used an
arbitrary constant for ﬂ
dx
4 Al
y=%(3x—1)3 +2x-3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES

The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.

Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of agquestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt  answers which round to
cao correct answer only

dep  dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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1(%1) M1 | for aVenn diagram showing at least 4
correct ‘parts’ in terms of x
A1l | for al 7 ‘parts correctintermsof x on a

Venn diagram or in working.

May be implied by a correct equation.
80+ 24+ x+ 23— x+3+x=145 M1 | for forming an equation in x using sum of
50+ 28+ x+28—x+24+x=145 ‘parts =145
75+ 28+ X+ 24— x+3+x=145 or
50-+80+ 75— (23+ 28+ 24) + x =145 50+80+ 75— (23+28+24) + x=145
or equivalents Equations must be seen
x=15 A1 | from correct working only

A(ii) 43 B1ft | for their x plus 28
2(i) B4 | B1for amaximum at (0, 2)
B1for minimumsat y=-8 and no other
1 minimums
B1 for starting at (—900, 2) and finishing
. ) ' at (90°,2)
B1 for afully correct curve with correct
shape, particularly at end points, that has
earned all three previous B marks.
2(ii) 5 Bl
2(iii) o0° Bl
3(i) _4 M1
y_ lox(3x* —1) 3
dx
_4 Al
Y Liex(ae-1)
dx 3
3(ii) B1 _4
When x=+/3, Y_ 3 ET ontheir Y of the form lox(3x* ~1) 3
dx 8 dx
—? por —0.217p

© UCLES 2019
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Question Answer Marks Guidance
3(iii) When x=+3. y:% Bl|, y=%
. 1 8 M1 | Dep on M1lin part(i). An equation of the
Normal: 'y __ﬁ(x \/é) normal using their normal gradient, v/3
and their y
A1l | alow unsimplified
4(I) _i -1 -2 oe B2 B1 for —i
1314 5 13
-1 -2
B1for
4 5
A(ii) 1(1 2\(12 M1 | for pre-multiplication by their inverse
3la 5l 7 from (i)
_1(26 M1 | for correct method for matrix
- 13(13 multiplication
2 Al
B{!
x=111 Bl
y=E or 0.785 Bl
5(i) i(ln(x2+3)) _ 2 B1
dx (x2+3)
M1 | f duct rul
_y_( 2 3) +2X|n(X2+3) or pro uct ruie
dx (x2+ )
Al
FT their —2X—
(x2+3)
5(ii) (x2+3)In(x2+3)=_[2x+2xln(x2+3) dx M1 | for using their result from (i) for
2X+ kxln(x2+3)
len(x2+3) dx Al
1, 5 NG
_E(X +3)In(x +3)—7(+c)
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Question Answer Marks Guidance
6(i) Iny=InA+ x*Inb or B1 | May beimplied by atable of values for
lgy=lg A+ xIgh x?and Inyor Igy or axeslabelled Iny
or Igyand x?

e M1 | for attempt to plot either Inyor Igy
against x? using an evenly spaced scale
on each axis.

A2 | A2 All points on acorrect line (for

1 < X* < 9) with axes correctly |abelled
A1 One point not on the correct line or a
correct line with axes not correctly
labelled.
A0 Two or more points not on the correct
line or one point not on the line and axes
incorrect

6(ii) Gradient= Inb or Igh M1 | for acomplete method using the gradient

Inb~0.7 orlgh~0.3 of their straight-line graph of Igy or Iny

leading to against x* to obtain b

b=2 (adlow 1.6 -2.4) A1l | from correct working

Intercept=InA or IgA M1 | for acomplete method using intercept of

INA~1.1 IgA~05 their straight-line graph of gy or Iny

leading to against x*to find A

A=3 (dlow 2.5-3.6) A1l | from correct working

6(iii) 100 = 3(2X2 ) M1 for avalid method to find x?
Substitution methods should be using

or In100=theirl.1+their0.7x2 values of A and binrange

or 1g100=their0.5+their 0.3x

or reading from Igy = 2 to obtain x*

or from Iny = 4.6 to obtain X

leading to x=2.25 A1l | for an answer in range from correct

(alow 2.0-2.7) working

7(@)(0) 15120 Bl

7(a)(ii) 1680 Bl

7(a)(iii) | Total =2310 B3 | B1 1st digitis7 or 9 1680 or 210x8
Method 1 Bl 1st digitis8 630 or 210x3

7(a)(iii) Total =2310 B3 | B1for 5thdigitis2,4 or 6 1890 or
Method 2 210x9

B1 for 5" digit is 8 420 or 210x 2

© UCLES 2019
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7(b)(i) 3003 B1
7(b)(ii) 28 B1
7(b)(iii) Total 1419 B3 | B1 Including husband and wife 495
B1 Excluding husband and wife 924
8(a)(i) | log,a+2log, y+log, x M1 for log, a+log, x+log, y* and
Ioga y2 = 2|Oga y
1+2q+p Al
8(a)(ii)) | 3log, x—log, y—log, a M1 for log, x* - (log,a+log, y) and
log, x® = 3log, x
3p-q-1or 3p-(q+1) Al
8(a)(iii Bl
@G |1 1
q
8(b) m—3m? +4=0 M1 | for obtaining aquadratic in mor 3*
m:%, (-1) M1 | Dep for attempt to solve quadratic and
4 4 deal with 3* correctly
lg3 In3 4
X=—=, X=—= 0r lg;—
g3 In3 3
x=0.262 only Al
(i) 100=2r +2r0+3r6 M1 | for addition of 2r and two arc lengths
with at least one correct arc length
100-2r 20 2 Al
0= or ——— oe
5r r 5
o(ii) 19 2, 1 ar2 M1 | for subtraction of two sector areas with at
Phel 9_5 ro least one sector area correct.
5r2(100—2r Al | Must expand and simplify to obtain given
7( By ] answer 50r —r?
o(iii) dA 0_2 M1 | for differentiation and equating to zero
5‘5 —ef and obtaining r
0=50-2r or for using completing the square
leading to r =25 —(25-1) + 25

Max when A=625

Al
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V) | \when r =10, ¥~ 30 Bl
dr
ﬂ=i M1 for ﬂ= 3 where their 30 has been
dt 30 dt their30
obtained from an evaluation of Z—A at
r
r =10
ﬂ: O0.1or i Al
d 10
9(v) do 20 B1
—=—— o0e
dr r2
dée 1 M1 . dr . do
o 5% for heir— < ther—= ith both
d—g—ix—E oe
d 10 5 evaluated at r =10
d_@z_i or —0.02 Al
dt 50
10(a)(i) +20——20 M1 | for finding the gradient of the relevant
- 5 part
8 Al
10(a)(ii) 75 Bl
10(a)(iii) 1 1 M1 | for acorrect expression for total area
or
1 1
20x5+| =x25x20 |+| =x2.5%x20
2 2
oe
150 Al
10b)()) | x=3e* +t+c M1 | for ke® +t Condone omission of ¢
0=3"+0+cC M1 | Dep for substitution to find ¢
Whent=0, x=0 so c=-3
x=3*+t-3 Al
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10(b)(”) y — 12e2t 0 1262t =24 M1 for keZt equated to24
t
2t=In2 M1 | Dep for correct order of operations to
obtain 2t
Al
t:%InZ, Inv/2 or 0.347
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a guestion. Each question paper and mark scheme will also comply with these marking principles.

GEMERIC MARKING PRIMCIPLE 1:

Marks must be awarded in line with:

the specific content of the mark scheme or the generic level descriptors for the question
the specific 2kills defined in the mark scheme or in the generic level descriptors for the question
+ the standard of response required by a candidate as exemplified by the standardisation scripts.

GEMERIC MARKING PRINCIPLE 2:

Marks awanrded are always whole marks (not half marks, or other fractionzs).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

+  marks are awarded for correctivalid answers, as defined in the mark scheme. However, credit
iz given for valid answers which go beyond the scope of the syllabus and mark scheme,
refeming to your Team Leader as appropriate

marks are awarded when candidates cleary demonstrate what they know and can do

marks are not deducted for emors

miarks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followsad
instructions or in the application of generic level descriptors.

GEMERIC MARKING PRIMCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses Seen).

GEMERIC MARKING PRIMCIPLE &:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only
dep dependent
FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent
rot rounded or truncated
SC Special Case
SOi seen or implied
Question | Answer Marks Partial Marks
1(3i) J B2 | B1 shape
. B1 Correct intersection with axes.
1(ii) 7=2x-3—>x=5 Bl
Uses7=3-2x0e M1
X=-2 Al
2 p=2 B3 | B1for each
q=4
r=3
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Question | Answer Marks Partial Marks
3(a) obtaine*~3=3 M1 | OR Takelogs — 2x+1=1In3+ 4 —3x
take logs correctly M1 | OR Collect liketerms — 5x =3 + In3
—5x-3=1In3
x:3+|n3 or x=0.820 Al
3(b) Use of laws of logs M1
—lgly—6)(y+15) =2
Uses 102 = 100 Bl
— [(y-6)(y +15)] = 100
Obtain correct quadratic Al
— ¥ +9—190=0
Solve athree term quadratic M1
y=10only Al
4 Eliminate xory M1
g2 o 1 Al
3+242 3+2\2
Multiply numerator and denominator by M1
3-22
x=1++/2 Al
y=3-2/2 Al
5(i) Differentiate M1 | Obtain 2cos2t or —2sin2t
V= 6c0s2t —8sin2t Al
a=-123n2t —16cos2t Al
5(ii) Equate v to 0 and attempt to solve M1
tan2t =0.75 Al |or sn2t=0.6 or cos2t=0.8
t=0.32(2) Al | Must beinradians
5(iii) Insert value of t into expression for a M1 | Radians or degrees
a=-20 Al | Must have used radians
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Question | Answer Marks Partial Marks
6 Eliminate y M1
x> —x-5=0 Al
Useformula M1
N EFI Al
2
21++/21 Al
y:—
2
Find mid-point M1| (05,105)
Show that mid-point lieson x+y=11 Al
@) | f(05)=05+45-5=0 B1
7(a)(i1)) | Factorise to obtain 2x%and 5 M1
(2x—1)(2x2+x+5) Al
7(b)(i ' M1 '
(b)i) Replace tanx by S and secx by 1 13ﬂ—4sinx— > 0
COSX COSX cos’x cos? X
Uses cos?x =1-sin’x M1 135inx—4sinx(l—sin2x)—5:0
45n®x+95nx—5=0 Al | Completed correctly
25nx-1=0 M1 | Attempt to solve
e Al
X:_
6
5n Al
X: —_—
6
8(i) —2e > seen B1
Product rule M1 | Clear attempt
e (1-2x) Al

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 5 of 7




0606/21 Cambridge IGCSE — Mark Scheme October/November

PUBLISHED 2019
Question | Answer Marks Partial Marks
8(ii) Set %z 0 and attempt to solve M1 | Must have two terms
X
(1 1 j Al
2" 2
&(iin) Attempt to find dy a x=1 M1
dx
1 -1 1 2 Al
- =—(X-1)or y=—5xX+—
y eZ e2 ( ) y e2 eZ
8(iv) Integrate part(i) M1
xe > =] (—2xe’2" + e’zx)dx
Integrate € 2* and make [ xe2*dx the M1
subject
_Xe—2x e—2x Al
— +C
2 4
9(i) 1 B1
3
-3 -2 B1
X
9 5
9 (ii) B2 10 7 B2 | Minus one each error
42 A
9(iii) C=B%-BA M1
1 1 Al
BA =
[—15 —3J
9 6 Al
C=
57 34
9(iv) D =B%A™! M1
1( 33 15 A2 | Minus one each error
“3l153 71
B1 for powers
B1 for al Correct
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Question | Answer Marks Partial Marks
10(ii) Identify and select two termsin x and M1|81-54p=0
equate to zero
p=15 Al
10(iii) Constant term = —108p = —162 A1l | FT using their p
10(iv) Correctly identify two termsin x? M1 | x*term =108 —12p
108 -18=90 Al
11(i) Uses correct triangle with v, opposite 10° M1
Sides of 300 and 280 include 10°
Use cosinerule M1 |y 2 =300?+ 280% — 2x 300x 280c0s10
v,, =54.3 Al
11(ii) Usesinerule M1 @: 54.3
sino  sinl0°
a=63° or 64° Al
Bearing 117° or 116° Al
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.
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MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied
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Question | Answer Marks Guidance
1 B1
B
A/,,,, _ \3 B1
\\\\ C/"’
B1
2 B1
& = 6cos3X
dx
-33n3x B1
2
d_Z — _18sin3x— 9c0s3x B T Correct derivative of their %
X X
Insert and collect like terms M1 dy d?y
Must insert for y, their — and —
dx dx
correctly resulting in 6 terms.
k=-15 Al | Allow —15sin3x seen nfww
3(i) YR or14x13x 12 x 11 x 10 M1
240240 Al | cao
3(ii) R x °P, x °P, or 3x (5% 4) x (6 x 5) M1 | Two of the three elements multiplied
by ...
=1800 Al
3(iii) °P, x ®R, or (6 x 5) x (8 x 7 x 6) M1 Oneel_emen_t multiplie(_j by ...
Clear intention to multiply
=10080 Al
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4 kx +3=x%+5x+12 M1 | Equate and attempt to simplify to al

- X+ (5-Kx+9(=0)

terms on one side.

Use discriminant of their quadratic. M1 | dep

(5-K?*-360e A1l | Unsimplified

k=-1and 11 A1l | Both boundary values

-1<k<11 Al | Must beintermsof k.

OR

2X+5~k M1 | Connect gradients of line and curve

y=(2x+5)x+3—>

2x? +5x+ 3= x? +5x+12

M1

Eliminate k and y.

X¥=9->x=+3 Al
k=1lork=-1 Al
-1<k<11 Al
5(1) dy -2k B1 | oe Unsimplified
ax (x+1)
Gradient of normal = (X;kl)s M1 Gradient_oi normal =

or
Gradient of tangent = —3

gradient of tangent

1 2k M1 )
i=— or —=-3 Equate gradient of normal to 1 at
2k 3 8 3
x=1
or equate gradient of tangent to —3 at
x=1
k=12 Al
S(if) x=2—>ﬂ=—§ or their _—Zk BLIFT
dx 9 27
y:f ortheirE BLFT
3 9
—4 Bl | isw
Y=s__ 8 ory=—§x 28
X—2 9 9
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o) cosx__ | CoSX M1 Use tanx= "% and s;ecx:—1
1 41 sinx COSX COSX
COsSX COsSX
throughout
sinx +1+cosx M1 | dep
1+cosx  sinx Multiply by cosx
sin? x+1+ 2cosx+ cos> X M1 g\?j%th o v e
. eir fractions correctly an
(1+cosx)sinx expand (1 + cosx)? correctly
2(1+ cosx) M1 | dep ,

(1+ cosx)sinx Use sin® + cos’x = 1 and take out a
factor of 2.

All correct AG Al | Do not award if brackets missing at
any point or x missing more than
twice or x misplaced. Do not credit
mixed variables.

OR

tan? x+(secx+1)2 M1 | Add fractions

tan x(secx+1)
258C” X+ 28ECX M1 | dep
= W Expand brackets correctly and use
1 + tan’x = sec
2secx M1 | dep
tan x Cancel secx + 1
2 5 COSX M1 | dep
COSX  sinx Use tanx=3"% and secx=——— oe
COSX COSX

All correct AG A1l | Do not award if brackets missing at
any point or x missing more than
twice or x misplaced. Do not credit
mixed variables.

6(ii) 3sin’x + sinx—2=00e B1 | Obtain threeterm quadratic.

(3sinx—2)(sinx+1) =0 M1 | Solve three term quadratic

41.8° awrt Al

138.2° awrt A1l | Mark final answers This mark is not
awarded if there are more solutionsin
the range.
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7(a) 2x4xp=40—->p=5 B1 | May be obtained later.
X=2)(x—4)(x—p)=0 M1 | Factorise cubic
=-11 Al | Expand and identify
b=38 Al
OR
2x4xp=40—>p=5 B1 | May be obtained |ater.
Obtain equations M1
da+2b=32
16a + 4b=-24
and attempt to solve
a=-11 Al
b=38 Al
7(b) Find x=-1 M1 | Trial value/s and finds aroot or shows
that (x + 1) or (X + 4) or (x— 10)
divides into x® — 5x* — 46x — 40.
(x + 1)(x* — 6x—40) (= 0) Al | Factoriseto give linear and quadratic
or (x + 4)(x* — 9x — 10)(= 0) factor
or (x—10)(x* + 5x + 4)(= 0)
(x+D(x+ 4 (x-10) (=0) M1 | Solve the quadratic to give 2 roots
x=-1,-4,10 Al
OR
Uses factor theorem to find a root M1 | Thismay be awarded for x =4 or
(-1)* = 5(-1%) — 46(-1) — 40 x = 10.
or-1-5+46-40=0
—->x=-1
Uses factor theorem to attempt to find M1 | At least two moretrials.
further roots
(—4)° — 5(—4) — 46(—4) — 40 Al
or—64-80+184-40=0
->x=-4
(10)® — 5(10)? — 46(10) — 40 Al
or 1000 -500-460-40=0
—>x=10

© UCLES 2019
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&) 52 +122 =13 M1
Al

Vp = —gi -6j or %(—Si -12j)

8(ii) |VB| _ /1212 N (_9)2 M1 | UsePythagoras

15 Al | Donot alow + 15. Mark final answer.
8(iii) 20 25 B1 | FT ontheir va only if of the form
e +t 6 k(-5i — 12j) wherek = 1 or O.

or
ra = (20— 2.5t)i +(-7-6t)]

—-67 12 Bl
g = +1
11 -9

or
rg =(—67+12t)i +(11-9t)]

8(iv) 20—-2.5t=-67 + 12t M1 | Equate x or y coordinates. Must have

or—7—-6t=11-9t two terms in both coordinates.

t=6 Al | nfww Ignore other value of t.

5 Al | AOif further value of r found.
r= only
-43

orr =5 —43

9(i) Midpoint (1, 2) B1 | May be seen on diagram
3 Bl

Gradient of AB= —Z

Gradient of PM M1|Usemxmp=-1
-1
~ their gradientof AB

4
3

M1 | dep

Attempt to find equation of line with
their midpoint and their gradient of
PM.

If y=mx + c used ¢ must be found.

Equation PM y-2_4
x-1 3

a2 Al
Y=3%73

o(ii) 4 2 BLFT
s_—r+§ Insert (r, s) into their linear equation to

Need a home tutor? Visit smiletutor.sg
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obtains =...
9(iii) (r—1)?+ (s—2)?=100 oe B1|FT
Use Pythagoras with their (1, 2)
Eliminater or s M1 | From onelinear and one quadratic
expression. Unsimplified
25r250r —875 =10 oe Al
or
255”—100s — 1500 = 0 oe
(5r +25)(5r —35) =0 oce M1 | Solve three term quadratic
or Can be implied by correct solution.
(5s—50)(5s + 30) =0 0e
r=7,s=10 A1l | Do not award if negative values of
rands areasogiven nfww
OR Equivaent method such as:
VP =l a2 +b? =100and 2= 2 B1 | Using distance =10 and gradient = 4
b a 3 3
Eliminatea or b M1
2 Al
a’+ (@j =100
3
2
or [3—bj +b% =100
4
—a=(+)6andb=(+)8 M1 | Solve
r=7,s=10 Al
10(i) Quotient rule or product rule M1
x=2xXInx _ x-Inx2x _ . A2/1/0 | Minusone each error. Allow
& T e unsimplified.
10(i1) X=2dnx=0 M1 Set %:0 and attempt to solve. Must
X
have two terms and obtain Inx = k
only.
x=1.65 awrt or /e Al
y=0.184 awrt or 1 Al
2e

© UCLES 2019
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10(iii) Inx (1 2InxOI M1 | Integrate their derivative from (i)
2o 8 ¥ which must have two terms. Condone
omission of dx.
_ Al| _
—12 Find f% dx
2X X
A1l | oe Rearrange and complete
J A e 340 oo
X 4x°  2X
10(iv) Insert limits and subtract correctly M1 | dep
Must be inserting into two termsin x
from (iii). Vaues explicitly seen if
expression isincorrect.
3 _In2 or 0.101 awrt Al
16 8
11 (Jg _3)(\/§+3) —_4 B1 | Seen anywhere
Attempt formula M1
_ -3%5 Al
2(\5-3)
Multiply by their (\/§+3) M1 | Attempt must be seen with a further
line of working. oe
x=+/5+3 Al | oe Mark final answer
_1(\/g+3) Al | oe Mark final answer
X=———+
4

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 10 of 10



Cambridge Assessment International Education
Cambridge International General Certificate of Secondary Education

Cambridge

IGCSE

ADDITIONAL MATHEMATICS 0606/23
Paper 2 October/November 2019
MARK SCHEME

Maximum Mark: 80

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the October/November 2019 series for most

Cambridge IGCSE™, Cambridge International A and AS Level components and some Cambridge O Level
components.

This document consists of 7 printed pages.

| Cambridge Assessment

© UCLES 2019 International Education ~ [Turnover
Need a home tutor? Visit smiletutor.sg



0606/23 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2019

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers.
They should be applied alongside the specific content of the mark scheme or generic level descriptors
for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit
is given for valid answers which go beyond the scope of the syllabus and mark scheme,
referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these
features are specifically assessed by the question as indicated by the mark scheme. The
meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently e.g. in situations where candidates have not followed
instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question
(however; the use of the full mark range may be limited according to the quality of the candidate
responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should
not be awarded with grade thresholds or grade descriptors in mind.

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 Page 2 of 7



0606/23 Cambridge IGCSE — Mark Scheme October/November
PUBLISHED 2019

MARK SCHEME NOTES
The following notes are intended to aid interpretation of mark schemesin general, but individual mark schemes
may include marks awarded for specific reasons outside the scope of these notes.
Types of mark
M Method marks, awarded for avalid method applied to the problem.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. For accuracy
marks to be given, the associated Method mark must be earned or implied.

B Mark for a correct result or statement independent of Method marks.

When a part of aguestion has two or more ‘method’ steps, the M marks are in principle independent unless the
scheme specifically says otherwise; and similarly where there are several B marks allocated. The notation ‘dep’
isused to indicate that a particular M or B mark is dependent on an earlier mark in the scheme.

Abbreviations

awrt answers which round to

cao correct answer only

dep dependent

FT follow through after error
isw ignore subsequent working
nfww  not from wrong working
oe or equivalent

rot rounded or truncated

SC Special Case

SOi seen or implied

Need a home tutor? Visit smiletutor.sg
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1 x=1 B1
—3X—-2=x+4o0e M1
x=-150e Al
2(i) L oosx M1 | expressin terms of sinx and cosx
1-cosx
(1-cosx) Al | rewrite not as afraction within a
sn(i-cosx) fraction
1 A1l | correct completion
snx | ooeX answer given
2(ii Bl
W {sinx=l} x=30°
2
x = 150° nfww B1 | no extraanswers
3 (1 + ax)® = 1+ 5ax + 10a®¢ + 10a®¢ soi B1 | 4termsnot "C: notation
[2] + (10a + b)x + (5ab + 20a%)x? M1 | obtain expansion with 2 termsin x,
2 termsin x*
equate termsin x and X° to give two M1
equationsin a and b each consisting of
three terms
10a+b=32 A1l | correct equationsimply previous two
Bab + 20a” = 210 M marks
eliminate b M1
obtain 3a? — 16a + 21 = 0 correctly A1l | answer given
a=3andb=2 Bl
c=720only B1 | no additional answers
4(i) y=2(x-1)>-9 B3| a=2,b=1,c=-9incorrect form.
B1for each
A(ii) minimum their -9 B1 | FT fromtheir correct form, witha>0
when x = their 1 B1 | FT fromtheir correct form, witha >0

Need a home tutor? Visit smiletutor.sg
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A(iii) x=+[p orp=x* soi B1
9 M1 —C
)= 2 _p)= |=€
(1= 2 ()=
or (\/E—l)zﬁoe (\/B_b): —<
2

using their values of a, b, c from (i)

p=9.74 Al | completion not involving use of
guadratic formula

5(a M1 | +1.73...
@ tan(y—%j:(i)\/é
T T 2% Al | 1.04(7...) or 2.09(4...)
y——==0or —
3
y= i or1.83 Al
Al
y= in or 2.88
12
5(b) correctly rewrite equation in terms of sinz M1
and cosz
usesin’z=1-cos’z M1 | appropriate use of Pythagorean identity
for forming an equation in onetrig ratio
6cos’z—7cosz+1=0o0e Al
(6cosz—1) (cosz—1) =0 M1 | solve threeterm quadratic in cosz
80.4° Al
279.6° Al
6(i) B1
[tan ACB=] 7 e
3-3
rationalise with 3++/3 M1
simplify showing at least 3 termsin Al

numerator to 2+ \/§

6(ii) (AC)2 =(3+\/§)2+(3_\/§)2 0e M1 | Pythagoras

atleast4term312+6«/§+12—6\/§ Al

Need a home tutor? Visit smiletutor.sg
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AC=2/6 Al
7() evidence of differentiation (3x + 2)~° M1
—12(3x+2)3x 3 A1l | may use PR or QR on fraction part
+1 Bl
— -3 =
settheirﬂzo M1|1-36(3x+2)°=0
dx
X = 0.43 nfww Al
y =0.98 only Al
2(ii B
(ii) 2 e B1
3X+2
EXZ Bl
2
_2 -2 M1 | insert correct limitsinto their two term
642 +2|- 3 integral and subtract two non-zero
termsin correct order
2.75 nfww Al | 2.75following B1 BlimpliesM1
8(i) p=-—4 Bl
8(ii) x=2) (x—3) (x+4) M1 | FT (x-=2) (x-3) (x—p)
(X®—5x + 6) (X + 4) Al |FT (X¥*—5x+6)(x—p)
multiply out two factors
correctly obtaina = -1 Al | answer given

XC—x2—14x + 24

b =-14 stated Bl
. - . 2_
8(iii) Q=3X2 Cox_14 Bl | FT their numericalb 3x*—2x+Db
ax
8(iv) <t their dy equal 0 2 M1 | FT their numerical b
dx
X=2 Al
y =40 only A1l | no additional answers
8(v) y—40=2(x+2) (y=2x+44) Bl
9(1) AD =2a+b B1
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OX =a+A(2a+b) Bl
9(ii) BC=3a-2b Bl
OX =2b + u(3a-2b) B1
9(iii) OX =0OX and equatefor aor b M1
1+24=3uand 1 =2—-2u Al
solve correct equations for A4 or M1
A =il and ,u:§ Al
7 7
. - <A<
9(iv) 4 a3 B1|FT M(1-4) 0<i<1
10(i) of (X) _ e2(|n(3x+2)) _4 Bl
their gf =5 M1
uselna® = plnaord®=aorlne®=a B1 | correct use of log/exponential
relationship seen anywhere
3x+2=30r(3x+2)*=9 A1l | 3 may take the form of >3
9 may take the form of €™
X= L only Al
3
10(ii) e _2 M1 | find xintermsof y
X=
3
) o Al | interchange x and y
3 (=t (x)or=y) correct completion
10(iii) €-2_ o, M1 | their *(x)=g(x)
3
3> - -10 (=0) Al | obtain quadraticin €
must be arranged as a three term
guadratic in order shown
(3ex + 5)(eX - 2) (=0) M1 solvefor €
x=1In2 or 0.693 only Al
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ =0,
«— —bt b® — 4ac
B 2a '
Binomial Theorem
n_—_an n n-1 n -2 K2 n = pwr n
(a+b=a"+ 12 b+ o @ be+ ... + r |2 b"+ ... +b"
h . itiveint q n n!
wherenisapositiveinteger and | . | = GEGIE

| dentities

Formulae for AABC

© UCLES 2019

2. TRIGONOMETRY

sin?A+ cosA=1
sec?A=1+tan?A

cosec? A= 1+ cot? A

a b c
snA ~ snB ~ snC

a?=b?+ c2—2bccosA

A:%bcsinA
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3

1 Using set notation, describe the regions shaded on the Venn diagrams below.

€ €

2 Find thevaluesof k for whichtheline y=kx—3 andthecurve y=2x*+3x+k donotintersect. [5]
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2y
3  Giventhat 7*x49Y=1 and 5>x1253 = calculate the value of x and of . [5]

1
25"
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o _In(4x*+1)
4 |t|Sg|V€n that —T_3.
. .. d
() Find d—i . 3]
(ii)  Find the approximate changeiny as x increases from 2 to 2+h, where hissmall. [2]
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5 f(x)=3e*+1 forxeR

g(x) =x+1 for x € R

(i) Write down therange of f and of g. [2]

(i) Evauate fg?(0). (2]

(iii) On the axes below, sketch the graphs of y = f(x) and y = f "}(x), stating the coordinates of the points

where the graphs meet the coordinate axes. [3]
o\
>
@) X
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7

6  Findthe equation of the normal to thecurve y=+v8x+5 at the point where x = % giving your answer in
the form ax+by+c = 0, where a, b and ¢ are integers. [5]
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8

7 When Igy is plotted against x, a straight line graph passing through the points (2.2, 3.6) and (3.4, 6) is
obtained.

(i) Giventhat y= Ab* find the value of each of the constants A and b. [5]

(i) Find x when y = 900. (2]
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8 Donot useacalculator in this question.

In this question, all lengths are in centimetres.

4+3v5

A

7+5

=

11+2V5

The diagram shows the trapezium ABCD in which angle ADC is 90° and AB is parallel to DC. It is given
that AB=4+3y5 DC=11+2V5 and AD=7++5.

(i) Find the perimeter of the trapezium, giving your answer in simplest surd form. [3]

(if) Find the area of the trapezium, giving your answer in simplest surd form. [3]
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Ams

10cm

o

D\].O—Cm/c

The diagram shows a circle with centre O and radius 10cm. The points A, B, C and D lie on the circle such
that the chord AB = 15cm and the chord CD = 10cm. The chord AB is parallel to the chord DC.

(i) Show that the angle AOB is 1.70 radians correct to 2 decimal places. [2]

(i) Find the perimeter of the shaded region. (4]
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(iii) Find the area of the shaded region. (4]
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10

y = 2+ Cos3X

y=15

~_

O X

The diagram shows part of thegraph of y = 2+cos3x and the straight line y = 1.5. Find the exact area of
the shaded region bounded by the curve and the straight line. You must show all your working. [9]
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Continuation of working space for Question 10
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11 (a) Jesswantsto arrange 9 different books on a shelf. There are 4 mathematics books, 3 physics books and
2 chemistry books. Find the number of different possible arrangements of the books if

(i) thereareno restrictions, [1]
(i) achemistry book is at each end of the shelf, [2]
(iii)  al the mathematics books are kept together and al the physics books are kept together. [3]
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(b) A quiz team of 6 children isto be chosen from a class of 8 boys and 10 girls. Find the number of ways
of choosing the team if

(i) thereareno restrictions, [1]

(if) there are more boys than girlsin the team. [4]

Question 12 isprinted on the next page.
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2
12 A curveissuch that % = 2din (x+ %) Given that the curve has a gradient of 5 at the point (% %) find
X

the equation of the curve. [8]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax2 + bx + ¢ = 0,
X_—mzﬁ—@c
B 2a '
Binomial Theorem
n—gn n n-1 n -2 K2 n = R n
(@a+br=a"+ 12 b+ 2@ b+ ... + r |2 b"+ ... +b",
h . tiveint q ny_ n!
wherenisapositiveinteger and | | = GEGIE

| dentities

Formulae for AABC

© UCLES 2019

2. TRIGONOMETRY

SN A+cos?A=1
sec? A=1+tan?A

cosec? A=1+cot? A

a b ¢
snA ~ snB ™~ sinC

a?=b?+c?—-2bccosA
1

A=3

bcsin A
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1 (i) Ontheaxesbelow, sketch thegraphof y=2cos3x—1 for —90° < x< 9C.

3

A

4

—90°

—60°

OO

30° 60°

(i)  Write down the amplitude of 2cos3x—1.

(iii)  Writedown the period of 2cos3x—1.

© UCLES 2019

0606/12/0/N/19

(3]

(1]

(1]
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4

2 When Igy? is plotted against x, a straight line is obtained passing through the points (5, 12) and (3, 20).
Find y in terms of x, giving your answer in theform y = 10**®, wherea and b are integers. [5]
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14
3 Thefirst threetermsin the expansion of (1— %) (1—20)* canbewrittenas 1+ ax+ bxX. Find the value
of each of the constants a and b. [6]
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4 (i) On the axes below, sketch the graph of y= \ 2x — 9x— 5\ showing the coordinates of the points

where the graph meets the axes. [4]
y
A
0 >
(ii) Find thevalues of k for which |2x*—9x—5|=k hasexactly 2 solutions. [3]
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5 (a) Itisgiventhat fix— X for x>0,
g:X—Xx+5 for x=0.

|dentify each of the following functionswithoneof =1, g1, fg, of, 2, &>

(i) Vx+5 [1]
(i) x-5 (1]
(iii) 2 [1]
(iv) x+10 (1]

(b) Itisgiventhat h(x)=a+ % where a and b are constants.
X

(i) Why is —2 < x < 2 not asuitable domain for h(x)? [1]

(i) Giventhat h(1) = 4 and h’(1) = 16, find the value of a and of b. [2]
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6 (a) Write Tsr> in the form p2q®r®, where a, b and ¢ are constants. [3]
Var

(b) Solve log,x+2log, 7= 3. [4]
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7 Itisgiventhat y=(1+¢€")(x+5).

. ., dy
(i) Find X [3]
(i)  Find the approximate change in y as x increases from 0.5 to 0.5+ p, where p is small. [2]

(ili) Giventhat yisincreasing at arate of 2 units per second when x = 0.5, find the corresponding rate of
changein x. (2]
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8 (a) Five teams took part in a competition in which each team played each of the other 4 teams. The
following table represents the results after all the matches had been played.

Team Won Drawn Lost
A 2 1 1
B 1 3 0
C 1 1 2
D 0 1 3
E 3 0 1

Points in the competition were awarded to the teams as follows
4 for each match won, 2 for each match drawn, O for each match lost.

(i) Write down two matrices whose product under matrix multiplication will give the total number of
points awarded to each team. [2]

(if) Evaluate the matrix product from part (i) and hence state which team was awarded the most
points. (2]
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L 1-1 5 0
(b) Itisgiventhat A—(2 4> and B—(l _2>.

(i) FindA~L 2]

(ii) Hence find the matrix C such that AC = B. [3]
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9 A solid circular cylinder has a base radius of rcm and a height of hcm. The cylinder has a volume of
1200t cm?® and atotal surface area of Scm?.

() Showthat S=2n 7+ 2400C, 3]
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(i) Giventhat hand r can vary, find the stationary value of Sand determine its nature. [5]
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10

C

The diagram shows a circle centre O, radius 10cm. The points A, B and C lie on the circumference of the
circle such that AB = BC = 18cm.

(i) Show that angle AOB = 2.24 radians correct to 2 decimal places. [3]

(i)  Find the perimeter of the shaded region. [5]
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Continuation of working space for Question 10(ii).

(iif)  Find the area of the shaded region. [3]

Question 11 isprinted on the next page.
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2 _2
11 A curveissuch that % = 2(3x—1) 3. Given that the curve has a gradient of 6 at the point (3, 11), find
X

the equation of the curve. [8]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ = 0,
_ —b+vVb’—4ac
X=—"7-+———"".
2a
Binomial Theorem
n—4n n -1 n 2 K2 n n—~ K n
(a+b"=a"+ 12 b+ 2@ b=+ ... + r |2 b"+ ... +Db",
h . itiveint d n n!
where nisapositiveinteger and | —(n—r)!r!'

Identities

Formulae for AABC
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2. TRIGONOMETRY

SN A+ cos?A=1
sec? A=1+tan?A
cosec? A=1+ cot? A

a b ¢
snA ~ snB " snC

a?=b?+c?—-2bc cos A

A=%bcsinA
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1 Inagroup of 145 students, the numbers studying mathematics, physics and chemistry are given below. All
students study at least one of the three subjects.

X students study all 3 subjects

24 students study both mathematics and chemistry

23 students study both physics and chemistry

28 students study both mathematics and physics

50 students study chemistry

75 students study physics

80 students study mathematics

(i) Using the Venn diagram, find the value of x.

€

Mathematics
Physics

Chemistry

(i)  Find the number of students who study mathematics only.

© UCLES 2019

[4]

(1]
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2 (i) Ontheaxesbelow, sketch thegraphof y=5cos4x—3 for —90° < x< 90.

-90° —45° 0 45° 90° X

[4]

(ii)  Write down the amplitude of y. [1]

(iii)  Write down the period of . [1]
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1
3 (i) Differentiste y=(3x—1) ® with respect tox. 2]
(i)  Find the approximate change in y as x increases from +/3 to v/3 +p, where p is small. [1]
1
(iii)  Find the equation of the normal to the curve y = (3x2 — 1) 3 at the point where x = /3. [3]
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4 ItlsglventhatA—(4 —1)'

() FindA~L 2]

(i) Hencefind, in radians, the acute angles x and y such that

Stanx+2any= 12,
4tanx— any = 7. (5]
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5 (i) Differentiste (x*+3)In(x?+3) with respect to x. [3]

(i) Hencefind fxln(x2+3) dx. 2]
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The table shows values of the variables x and y such that y = Abxz, where A and b are constants.

(i) Draw astraight line graph to show that y = AbY.

© UCLES 2019

15

2.5

14.3

48

228

1536
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(i)  Useyour graph to find the value of A and of b. [4]

(iii) Estimate the value of x when y = 100. [2]
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7 (a) Ab-digit codeisto bechosenfromthedigits 1, 2, 3, 4, 5, 6, 7, 8and 9. Each digit may be used
once only in any 5-digit code. Find the number of different 5-digit codes that may be chosen if

(i) thereareno restrictions, [1]
(ii) thecodeisdivisible by 5, [1]
(iii)  the codeis even and greater than 70000. [3]

(b) A team of 6 peopleisto be chosen from 8 men and 6 women. Find the number of different teams that
may be chosen if

(i) thereareno restrictions, [1]
(ii) there are no women in the team, [1]
(iii) there are a husband and wife who must not be separated. [3]
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8 (a) Giventhat log,x=p and log,y=gq, find,intermsof pandgq,

(i) log,axy, (2]
.. )(3
(ii) Ioga<a—y>, (2]
(iii) log,a+log,a (1]
(b) Using the substitution m = 3%, or otherwise, solve 3*—3"%4+4 =0 [3]
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9
P Q
rcm
S R
2rcm
Orad
O
The diagram shows a sector OPQ of the circle centre O, radius 3r cm. The points Sand R lie on OP and OQ
respectively such that ORSis a sector of the circle centre O, radius 2r cm. The angle POQ= 6 radians. The
perimeter of the shaded region PQRSis 100cm.
(i) Find6intermsofr. [2]
(i) Hence show that the area, Acm?, of the shaded region PQRSis givenby A = 50r—r?2. [2]
Need a home tutor? Visit smiletutor.sg
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(iii) Giventhat r can vary and that A has a maximum value, find this value of A. [2]

(iv) Given that A isincreasing at the rate of 3cm?s~1 when r = 10, find the corresponding rate of change
of r. [3]

(v) Find the corresponding rate of change of 6 whenr = 10. [3]
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10 (@
vms1

20

-20

The velocity-time graph for a particle P is shown by the two straight lines in the diagram.

(i) Find the deceleration of P for 5<t< 10. [2]
(i)  Write down the value of t when the speed of P is zero. [1]
(ili)  Find the distance P hastravelled for 0 <t < 10. [2]
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(b) A particle Q has adisplacement of xm from afixed point O, ts after leaving O. The velocity, vms™1, of
Qattimetsisgivenby v=6e*+1.

(i) Findan expression for x interms of t. [3]
(i) Find the value of t when the acceleration of Q is 24ms™2. [3]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ =0,
X_—mzw—mC
- 2a :
Binomial Theorem
n—an n =1 n -2 K2 n = | n
(a+b"=a"+ 12 b+ 2@ b=+...+ r 2 b"+ ... +Db",
n!

where n is apositive integer and (

)

| dentities

Formulae for AABC

© UCLES 2019

:m

2. TRIGONOMETRY

SN A+cosfA=1
sec?A=1+tan?A

cosec? A=1+cot? A

a b ¢
snA~ snB "~ snC

a?=b?+c2—-2bccosA

=£bcsinA

A=3

Need a home tutor? Visit smiletutor.sg
0606/21/0/N/19



3

1 (i) Ontheaxesbelow, draw the graph of y=|2x—3|.

\
8
6
4
2
-2 0 2 A
-2
—4
(2]
(i) Solvetheequation 7—|2x—3|= 0. [3]
2
yA
° 7\ 7\
A\ /o \ /o \ /
\ / \ / \ /
1\ / \ / \ /
\ / \ / \ /
J N / \ / \ / .
\ / \*/ \ / 2n X
" \_/ \_/

The figure shows part of the graph of y = p+qcosrx. Find the value of each of the integersp, gandr.

(3]
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3 (a) Solve e*"l1=3&"¥ [3]

(b) Solve Ig(y—6)+Ig(y+15) = 2. [5]
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4  Donot useacalculator in this question.

Solve the following simultaneous equations, giving your answers for both x and y in the form a+ bv2,
where a and b are integers.

2X+y=25

3X—V2y=7 [5]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/21/0/N/19 [Turn over



6

5 Aparticleismovingin astraight line such that t seconds after passing a fixed point O its displacement, sm,
isgivenby s= 3sin2t+4cos2t—4.

(i) Find expressions for the velocity and acceleration of the particle at timet. [3]
(i)  Find the first time when the particle is instantaneously at rest. [3]
(iif)  Find the acceleration of the particle at the time found in part (ii). [2]
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6 Donot useacalculator in this question.

Thecurve xy=1Ix+E cutstheline y=x+10 at the points A and B. The mid-point of AB is the
point C. Show that the point C lieson theline x+y= 11. [7]
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7 (a) (i) Usethefactor theoremto show that 2x—1 isafactor of p(x), where p(x) = 4x>+ 9x—5.
(1]

(if) Write p(x) asaproduct of linear and quadratic factors. [2]
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(b) (i) Showthat 13tanx ®cx—4sinx—5%c?x=0 canbewrittenas 4sin®x+9snx—5=0. [3]

(i) Using your answersto part (a)(ii) and part (b)(i) solve the equation

13tanx cx—4sinx—5%x =0 for 0 < x < 2r radians. [4]
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8 Theequation of acurveisgivenby y= xe .

(i) Find %. [3]

(i) Find the exact coordinates of the stationary point on thecurve y = xe . [2]
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(i)  Find, in terms of e, the equation of the tangent to thecurve y = xe > at the point (1, é) [2]

(iv) Using your answer to part (i), find fxe‘zxm. [3]
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. 5 2 21\ ..
9 Giventhat A—(_g _3) and B—<6 5),fmd

iy AT, (2]
(i) B2 (2]
(iii) thematrix C, where B'C+A =B, [3]

Need a home tutor? Visit smiletutor.sg
© UCLES 2019 0606/21/0/N/19



13

(iv) thematrix D, where B™2DA =1. [3]
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10 (i) Expand (3+X)* evaluating each coefficient. [3]

In the expansion of (x— % (3+x)* the coefficient of x is zero.

(ii)  Find the value of the constant p. [2]
(iif) Hence find the term independent of x. [1]
(iv) Show that the coefficient of x2 is 90. [2]
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11 A plane, which can travel at a speed of 300kmhin still air, heads due north. The planeis blown off course
by awind so that it travels on a bearing of 010° at a speed of 280kmhL.

(i) Find the speed of the wind. [3]

(it)  Find the direction of the wind as a bearing correct to the nearest degree. [3]
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Quadratic Equation

For the equation ax? + bx + ¢ = 0,

Binomial Theorem

(@+b=a"+

where n is apositive integer and (

)

Identities

Formulae for AABC

© UCLES 2019

n
-1
12 b+

2

Mathematical Formulae

1. ALGEBRA

_ -b+b* -4ac

2a

X

n n
2afF2b2+...+ b+ L+ "

_ n!
~(n=n)r!

2. TRIGONOMETRY

sinf A+cos?A=1
sec? A=1+tan? A

cosec? A=1+cot? A

a b ¢
snA~ snB ~ snC

a?=b?+c?2—-2bccosA

A

1 .
EbcsmA
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1  On each of the Venn diagrams below, shade the region indicated.

€
A B
(AnB)U(ANB)
€
A B
(AnB)UC
é
A B
AnBNnC

[3]
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2
2 Giventhat y=2sin3x+cos3x, show that d—)zl +% +3y = ksin3x, where k is a constant to be
determined. x (3]
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3 A b5-digit codeisformed using the following characters.

Letters aei ou
Numbers 123456
Symbols @ * #

No character can be repeated in a code. Find the number of possible codes if

(i) thereareno restrictions, [2]
(if) the code starts with a symbol followed by two letters and then two numbers, [2]
(iii)  thefirst two characters are numbers, and no other numbers appear in the code. [2]
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4 Find the values of k for whichtheline y = kx+3 does not meet the curve y = x%+5x+ 12. [5]
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5 Atthepoint where x=1onthecurve y= ( k1>2, the normal has a gradient of %
X+
(i) Find the value of the constant k. [4]
(i) Using your value of k, find the equation of the tangent to the curve at x = 2. [3]
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. tanx l+sex 2
6 () Show that T+sex ' tanx _ sinx' (5]
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tanx 1+sexx .
= o < <
T+secx ™ tanx  — LT 3sinx for 0°<x<180. [4]

(i) Hence solve the equation
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7 (a) Thecubic equation Xx3+ax’+ bx—40= C has three positive integer roots. Two of the roots are 2
and 4. Find the other root and the value of each of the integersa and b. [4]

(b) Do not useacalculator in this question.

Solvethe equation x> —5x?—46x—40 = 0 given that it has three integer roots, only one of which is
positive. (4]
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8 (i) AparticleAtravelswith aspeed of 6.5ms™inthe direction —5i — 12j. Find the velocity, v, , of A. [2]

(if) A particle B travels with velocity v, = 12i — § . Find the speed, in msL, of B. [2]

Particle A starts moving from the point with position vector 20i — 7. At the same time particle B starts
moving from the point with position vector —67+173.

(ifi) Find r,, the position vector of A after t seconds, and r;, the position vector of B after t seconds.  [2]

(iv) Find the time when the particles collide and the position vector of the point of collision. [3]
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The diagram shows the points A (=3, 5) and B (5, —1). The mid-point of AB is M and the line PM is
perpendicular to AB. The point P has coordinates (r, s).

(i) Findthe equation of theline PM in the form y = nx+ ¢, where m and ¢ are exact constants. [5]

(i) Hencefind an expression for sin terms of r. [1]
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(iii)  Given that the length of PM is 10 units, find the value of r and of s. [5]
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INX  fing & 3]

10 (i) Giventhat y:7, ax

(if)  Find the coordinates of the stationary point on thecurve y=—>. [3]
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(iif)  Using your answer to part (i), find fl?(—g(dx. [3]
‘I
(iv) Henceevauate f %dx. [2]

1

Question 11 isprinted on the next page.
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11 Do not useacalculator in this question.

Solve the quadratic equation (v5—3)x?+3x+(V5+3)= 0, giving your answersin theform a+ bv5,
where a and b are constants. [6]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ =0,
_ —b+vVb’—4ac
X=—""7F7—-.
2a
Binomial Theorem
(@+byi=al+ | |t b+ {5 lam 202+ .+ (e b+ L+ b
1 2 e r e y
n!

. o n
where n is a positive integer and ( r)

Identities

Formulae for AABC

© UCLES 2019

(n-n'r!

2. TRIGONOMETRY

sinf A+cos?A=1
sec? A=1+tan? A

cosec? A=1+cot? A

a b ¢
snA~ snB "~ snC

a?=b?+c?2—-2bccosA

A=%bcsinA
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1 Solve [3x+2|=x+4. [3]
; COeXX— tX _
2 (I) Show that “1—cosx COoseX. [3]

- CO%O(_ CDtX _ o
(i) Hence solve —cosx 2 for 0° < x< 180C. [2]
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3 Thefirst four termsin theexpansion of (1+ax)°(2+ by are 2+ 32x+ 210¢ +cx®, wherea, b and c are
integers. Show that 3a?—16a+21 = 0 and hence find the values of a, b and c. [8]
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4 (i) Giventhat y=2x*—4x—7, writeyintheform a(x—b)?+ c, wherea, band c are constants.  [3]

(i)  Hence write down the minimum value of y and the value of x at which it occurs. [2]

(iii) Using your answer to part (i), solve the equation 2p—4/p—7 = 0, giving your answer correct to
2 decimal places. [3]
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5 (a) Solve 3cot2(y— %) —1 for0<y< x radians. [4]

(b) Solve 7cotz+tanz= 7cosez for 0° <z< 360C. [6]
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6 Donot useacalculator in thisquestion.

C
3-V3
B
A 3+V3 B
(i) Findtan ACB intheform r +s+v3, wherer and s are integers. [3]
(i) Find ACintheform tvu, wheret and u are integersand t # 1. [3]
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o > x
The diagram shows part of the curve y = x+ % and theline x = 2.
(3x+2)
(i) Find, correct to 2 decimal places, the coordinates of the stationary point. [6]
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(if)  Find the area of the shaded region, showing all your working. [4]
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8 Therootsof theequation x>+ ax’+ Ix+24= 0 are2, 3and p, where pisan integer.

(i) Find the value of p. (1]

(i)  Show that a =—1 and find the value of b. [4]
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1

Given that acurve has equation y = x3—x?+ bx+24 find, using your value of b,

iy &, [

(iv) theinteger value of x for which the gradient of the curveis 2 and the corresponding value of y. [3]

The coordinates of the point P on the curve are given by the values of x and y found in part (iv).

(v) Find the equation of the tangent to the curve at P. [1]
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O A C

'Ihe diagram shﬂvs points O, A, B, C£ and X. The position vectors of A, B, and C relativeto O are OA= a,
OB = 2b and OC = 3a. Thevector CD = b.

(i) Giventhat AX= A AD, find OX intermsof A, aand b. [2]
(i) Giventhat BX = BC, find OX intermsof z, aand b. [2]
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(iif)  Hencefind the value of A and of x. (4]
(iv) Findtheratio % [1
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10 Thefunctionsf and g are defined by

f()=In(@+2) forx>-%,
g(x)=e*-4  forxeR.

(i) Solve gf(x) = 5. (5]
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(i) Find (). (2]

(iii)) Solve f(x)=g(x). [4]
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