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General Notes for Teachers on Marking 
 

Adherence to marking scheme 

 

1. This marking scheme has been updated, with revisions made after the scrutiny of actual samples of student performance in the 

practice papers.  Teachers are strongly advised to conduct their own internal standardisation procedures before applying the 

marking schemes.  After standardisation, teachers should adhere to the marking scheme to ensure a uniform standard of marking 

within the school. 

 

2. It is very important that all teachers should adhere as closely as possible to the marking scheme.  In many cases, however, students 

may have arrived at a correct answer by an alternative method not specified in the marking scheme.  In general, a correct alternative 

solution merits all the marks allocated to that part, unless a particular method has been specified in the question.  Teachers should 

be patient in marking alternative solutions not specified in the marking scheme. 

 

 

Acceptance of alternative answers 

 

3. For the convenience of teachers, the marking scheme was written as detailed as possible.  However, it is likely that students would 

not present their solution in the same explicit manner, e.g. some steps would either be omitted or stated implicitly.  In such cases, 

teachers should exercise their discretion in marking students’ work.  In general, marks for a certain step should be awarded if 

students’ solution indicate that the relevant concept / technique has been used. 

 

4. In marking students’ work, the benefit of doubt should be given in students’ favour. 

 

5. Unless the form of the answer is specified in the question, alternative simplified forms of answers different from those in the 

marking scheme should be accepted if they are correct. 

 

6. Unless otherwise specified in the question, use of notations different from those in the marking scheme should not be penalised. 

 

 

 

Defining symbols used in the marking scheme 
 

7. In the marking scheme, marks are classified into the following three categories: 

 

 ‘M’ marks    – awarded for applying correct methods 

 ‘A’ marks    – awarded for the accuracy of the answers 

 Marks without ‘M’ or ‘A’ – awarded for correctly completing a proof or arriving at an answer given in the question. 

 

 In a question consisting of several parts each depending on the previous parts, ‘M’ marks should be awarded to steps or methods 

correctly deduced from previous answers, even if these answers are erroneous. ( I.e. Teachers should follow through students’ work 

in awarding ‘M’ marks.)  However, ‘A’ marks for the corresponding answers should NOT be awarded, unless otherwise specified. 

 

 

8. In the marking scheme, steps which can be skipped are enclosed by  dotted rectangles  , whereas alternative answers are enclosed 

by  solid rectangles  . 

 

 

Others 

 

9. Marks may be deducted for poor presentation (pp), including wrong / no unit.  Note the following points: 

(a) At most deduct 1 mark for pp in each section. 

(b) In any case, do not deduct any marks for pp in those steps where students could not score any marks. 

 

 

10. (a) Unless otherwise specified in the question, numerical answers not given in exact values should not be accepted. 

(b) In case a certain degree of accuracy had been specified in the question, answers not accurate up to that degree should not be 

accepted.  For answers with an excess degree of accuracy, deduct 1 mark for pp.  In any case, do not deduct any marks for 

excess degree of accuracy in those steps where candidates could not score any marks. 
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1. The general term of  9)2( x−   is  rr
r xC )(299 −−  1M 

  rrr
r xC )1(299 −= −  1A 

 

 Alternative Solution 

 L+−+−+−=− 549
5

459
4

369
3

279
2

89
1

99 222222)2( xCxCxCxCxCx  1M+1A 

 

 Hence the coefficient of  5x   is  49
5 2C−  1M 

  2016−=  1A 

 

   (4) 

 

2. If the system of homogeneous equations has non-trivial solutions, then 

 0

12

31

771

=−

−

k

k  1M+1A 

 037144272 =−++−+− kkk  1M 

 038212 =+− kk  

 19=k   or  2 1A 

 

   (4) 

 

3. For  1=n  , 

 181)1(1541 =−+   which is divisible by  9 . 

 ∴  the statement is true for  1=n  . 1 

 Assume  1154 −+ kk   is divisible by  9 , where k is a positive integer. 1 

 i.e.  let  Nkk 91154 =−+  , where  N  is an integer. 

 11594 +−=∴ kNk  

 1)1(154 1 −+++ kk  

 11515)1159(4 −+++−= kkN      (by induction assumption)  1 

 184536 +−= kN  

 )254(9 +−= kN   which is divisible by  9 1 

 Hence the statement is true for  1+= kn  . 

 By the principle of mathematical induction, the statement is true for all positive integers  n . 1 Follow through 

 

   (5) 

 

4. (a) 
θ

θ
22 tan1

tan2

1

2

+
=

+ x

x
 

  
θ

θ
2sec

tan2
=  1M 

  θ
θ

θ 2
cos

cos

sin
2 ⋅=  

  θ2sin=  1 

 

 (b) 
2

2

2

2

1

21

1

)1(

x

xx

x

x

+

++
=

+

+
 

  
21

2
1

x

x

+
+=  1M 

  Since  x  is real, we can let  θtan=x   for some  θ  . 

  θ2sin1
1

)1(
2

2

+=
+

+
∴

x

x
    by (a) 1M 

Withdraw the last mark if 

“N  is an integer” was omitted 
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  Since the maximum value of θ2sin  is 1 , the maximum value of 
2

2

1

)1(

x

x

+

+
 is  2 . 1A 

   (5) 

 

5. (a) 
2

11
cos

2

11
cos2)1cos()1cos(

+−+−++
=−++

xxxx
xx  1M 

  xcos1cos2=  
 

  Alternative Solution 

  0cos)10cos()10cos( k=−++  1M 

 

  i.e.  1cos2=k  1A 

 

 (b) 

9cos8cos9cos7cos

6cos5cos6cos4cos

3cos2cos3cos1cos

9cos8cos7cos

6cos5cos4cos

3cos2cos1cos

+

+

+

=  1M For column (or row) operations 

  

9cos8cos8cos1cos2

6cos5cos5cos1cos2

3cos2cos2cos1cos2

=     by (a) 1M 

  

9cos8cos8cos

6cos5cos5cos

3cos2cos2cos

1cos2=  1M 

  0=  1A 

 

   (6) 

 

6. 
h

xhx

xx h

11

lim
1

d

d

0

−
+=








→

 1M+1A 

  
xhxh

hxx

h )(
lim

0 +

−−
=

→
 

  
xhxh )(

1
lim

0 +

−
=

→
 1A 

  
2

1

x

−
=  1A 

   (4) 

 

7. (a) )cos(sin)(f xxex x +=  

  )sin(cos)cos(sin)(f xxexxex xx −++=′  

  xe x cos2=  1A 

  xexex xx sin2cos2)(f −=′′  

  )sin(cos2 xxe x −=  1A 

 

 (b) 0)(f)(f)(f =+′−′′ xxx  

  0)cos(sincos2)sin(cos2 =++−− xxexexxe xxx  1M 

  0)sin(cos =− xxe x  

  xx cossin =   or  0=xe  (rejected)  1A 

  1tan =x  

  
4

π
=x   for  π≤≤ x0  1A 

   (5) 

For using (a) or sum-to- 

product formula of cosine 

OR   1sinsin1coscos xx −  

      1sinsin1coscos xx ++  
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8. (a) Let  θsin2=x  . 1M OR  θcos2=x  

  θθ dcos2d =x  

  θ
θ

θ
d

sin44

2cos

4

d

22 ∫∫
−

=
− x

x
 

  θd1∫=  1A 

  C+= θ  

  C
x

+= −

2
sin

1
 1A 

 

 (b) xxxxxx lndlndln ∫∫ −=  1M 

  x
x

xxx d
1

ln ⋅−= ∫  

  Cxxx +−= ln  1A 

 

   (5) 

 

 

 

9. 012 22 =−−− yxyx  --------------------------------------------- (*) 

 0
d

d
4

d

d
2 =−−−

x

y
yy

x

y
xx  1A 

 For the tangents parallel to  12 += xy  ,  2
d

d
=

x

y
 . 

 0)2(4)2(2 =−−−∴ yyxx  1M 

 0=y  1A 

 By (*), 012 =−x  1M 

 1±=x  

 Hence the tangents are  )]1([20 ±−=− xy  1M 

 i.e.  22 += xy   and  22 −= xy  1A For both 

 

   (6) 

 

 

 

10. (a) ∫∫ −− = 2
d

2

1
d

22

xexxe
xx

 1M OR  ∫ −
−−

)(d
2

1 22

xe
x

 

  Ce
x +

−
= − 2

2

1
 1A 

 

 (b) The volume of the solid 

  ∫ 











−= −

2

1

2

d
2

2
2

xe
x

x
xπ  1M+1A 1M for  ∫= xxyV d2π  

  ∫ 











−= −

2

1

3

d
2

2
2

xxe
x xπ  

  

2

1

4
2

2

1

8
2












+= −xe

x
π  1M For using (a) 

  π







−+= −− 14

4

15
ee  1A 

   (6) 
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11. (a) 






 −+







 −+
=

0101

2 αββααββα
A  

  










−+

+−−+
=

αββα

βααβαββα )()(
2

 1A 

  







−






 −+
+=−+

10

01

01
)()( αβ

αββα
βααββα IA  

  










−+

+−−+
=

αββα

βααβαββα )()(
2

 

  i.e. IAA αββα −+= )(2  1 

 

   (2) 

 

 (b) IAAIA 222 2)( ααα +−=−  

  IAIA 22)( αααββα +−−+=      by (a) 1M 

  IA )()( 2 αβααβ −+−=  

  ))(( IA ααβ −−=  1 

 

  Alternative Solution 

  

2

2

10

01

01
)( 


















−






 −+
=− α

αββα
αIA  

  








−

−









−

−
=

α

αββ

α

αββ

11
 

  










−−

−−
=

αβααβ

αββααββ
2

222

 1A 

  

















−






 −+
−=−−

10

01

01
)())(( α

αββα
αβααβ IA  

  








−

−
−=

α

αββ
αβ

1
)(  

  










−−

−−
=

αβααβ

αββααββ
2

222

 

  i.e.  ))(()( 2 IAIA ααβα −−=−  1 

 

  By interchanging  α   and  β  , we have  ))(()( 2 IAIA ββαβ −−=−  . 1 

 

  Alternative Solution 1 

  IAAIA 222 2)( βββ +−=−  

  IAIA 22)( ββαββα +−−+=      by (a) 

  IA )()( 2 αβββα −+−=  

  ))(( IA ββα −−=  1 

 

Either one 
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  Alternative Solution 2 

  

2

2

10

01

01
)( 


















−






 −+
=− β

αββα
βIA  

  








−

−









−

−
=

β

αβα

β

αβα

11
 

  










−−

−−
=

αβββα

βααβαβα
2

222

 

  

















−






 −+
−=−−

10

01

01
)())(( β

αββα
βαββα IA  

  








−

−
−=

β

αβα
βα

1
)(  

  










−−

−−
=

αβββα

βααβαβα
2

222

 

  i.e.  ))(()( 2 IAIA ββαβ −−=−  1 
 

   (3) 

 

 (c) (i) YXA +=  

   








−

−
+








−

−
=







 −+

β

αβα

α

αββαββα

1101
ts  

   








−−+

+−+
=

βα

αβαβ

tsts

tsts )(
 1M 

   Comparing the entries, we have  








=+

=+

+=+

0

1

βα

βααβ

ts

ts

ts

 

   Solving,  
αβ

β

−
=s   and  

βα

α

−
=t  1A For both 

 

  (ii) Consider the statement “ )( IAX
n

n α
αβ

β
−

−
=   and  )( IAY

n
n β

βα

α
−

−
=  ”. 

   When 1=n , )( IAX α
αβ

β
−

−
=  and  )( IAY β

βα

α
−

−
=  are true by (c)(i). 1 

   Assume  )( IAX
k

k α
αβ

β
−

−
=   and  )( IAY

k
k β

βα

α
−

−
=  , where  k  is a 

   positive integer. 

   )()(1 IAIAX
k

k α
αβ

β
α

αβ

β
−

−
−

−
=+     by the assumption 

   ))((
)(

2

1

IA
k

ααβ
αβ

β
−−

−
=

+

    by (b) 1 

   )(
1

IA
k

α
αβ

β
−

−
=

+

 

   )()(1 IAIAY
k

k β
βα

α
β

βα

α
−

−
−

−
=+     by the assumption 

   ))((
)( 2

1

IA
k

ββα
βα

α
−−

−
=

+

    by (b) 

   )(
1

IA
k

β
βα

α
−

−
=

+

 1 

Either one 
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   Hence the statement is true for  1+= kn  . 

   By the principle of mathematical induction, the statement is true for all 

   positive integers  n . 1 Follow through 

 

 

  (iii) )()( IAtIAsXY βα −−=  

   ])([ 2 IAAst αββα ++−=      by (a) 

   







=

00

00
 

   )()( IAsIAtYX αβ −−=  

   ])([ 2 IAAst αββα ++−=      by (a) 

   







=

00

00
 1 

   nn YXA )( +=  

   nn
YX +=       by the note given 1M 

   )()( IAIA
nn

β
βα

α
α

αβ

β
−

−
+−

−
=     by (ii) 

   IA
nnnn

βα

βααβ

βα

βα

−

−
+

−

−
=  1A 

   (9) 

 

 

12. (a) (i) ji aaOM +−= )1(  1A 

   )( kji ++= bON  

   ])1[()( jikji aabMN +−−++=∴  

   kji babba +−+−+= )()1(  1 

 

  (ii) ij −=AB  

 

   0=⋅ ABMN  

   0)(])()1[( =−⋅+−+−+ ijkji babba  1M 

   01 =−++−− abba  

   
2

1
=a  1A 

   0=⋅OCMN  

   0)(])()1[( =++⋅+−+−+ kjikji babba  1M 

   01 =+−+−+ babba  

   
3

1
=b  1A 

 

   Alternative Solution 

   )()( kjiji ++×+−=× OCAB  1M 

   kji 2−+=  

   ( )OCABMN ×//  

   
211

1

−
=

−
=

−+
∴

babba
 1M 

   Solving, we get  
2

1
=a   and  

3

1
=b  . 1A+1A 

For both 
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  (iii) kji
3

1

6

1

6

1
+−

−
=MN  

   The shortest distance between the lines  AB  and  OC 

   MN=  

   

222

3

1

6

1

6

1








+







 −
+







 −
=  1M 

   
6

6
=  1A 

 

   (8) 

 

 

 (b) (i) )()( kjji +×+−=× ACAB   

   kji −+=  1A 

 

  (ii) Let the intersecting point of the two lines  OG  and  MN  be  P . 

 

   Since  P  lies on  MN , let  MNMP λ=  . 1M 

   MPOMOP +=  

   







+−

−
++= kjiji

3

1

6

1

6

1

2

1

2

1
λ  

   kji
36

3

6

3 λλλ
+

−
+

−
=  1A 

   Since  P  lies on  OG ,  OP  // ( )ACAB ×  . 

   
36

3 λλ
−=

−
∴  1M 

   3−=λ  

 

   Alternative Solution 

   Since  P  lies on  OG ,  OP  // ( )ACAB ×  . 

   Let  )( kji −+= tOP  1M 

   







+−−+=∴ jikji

2

1

2

1
)(tMP  

   kji t
tt

−
−

+
−

=
2

12

2

12
 1A 

   Since  P  lies on  MN ,  MP // MN . 

   

3

1

6

1
2

12

t

t

−
=

−

−

∴  1M 

   1=t  

 

   Hence the coordinates of  P  are )1,1,1( −  . 1A 

 

   (5) 

 

x

y

z

A 
B 

C 

M 

N 

P 

O 

G 
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13. (a) Let  pxu −=  . 1M  

  xu dd =∴  

  When  0=x  ,  pu −=  ;  when  px 2=  ,  pu =  . 

  uuxpx
p

p

p

d)(fd)(f
2

0 ∫∫ −
=−∴  1A 

  0=     since  f  is an odd function 1 

  
p

p

qxxqpx
2
0

2

0
][0d])(f[ +=+−∴ ∫  

  pq2=  1A 

 

   (4) 
 

 (b) 

x

x

x

x

x

x

tan1

tan
3

tan1

tan
3

6
tan3

6
tan3

3

1

3

1

3

1

3

1

+

−
−

+

−
+

=









−−









−+

π

π

 1M 

  
1tan3tan33

1tan3tan33

+−+

−++
=

xx

xx
 

  
2

tan31 x+
=  1 

   (2) 

 

 (c) ∫∫


















⋅









−−









−+

=+ 3

0

3

0
d2

6
tan3

6
tan3

lnd)tan31ln(

ππ

π

π

x

x

x

xx     by (b) 

  ∫


















+









−−









−+

= 3

0
d2ln

6
tan3

6
tan3

ln

π

π

π

x

x

x

 1M 

  Consider  
x

x
x

tan3

tan3
ln)(f

−

+
=  . 

  
)tan(3

)tan(3
ln)(f

x

x
x

−−

−+
=−  

  
x

x

tan3

tan3
ln

+

−
=  

  

1

tan3

tan3
ln

−















−

+
=

x

x
 

  
x

x

tan3

tan3
ln

−

+
−=  

  )(f x−=  

  )(f x∴   is an odd function 1A 

  ∫∫
×









+







−=+∴ 6

2

0

3

0
d2ln

6
fd)tan31ln(

ππ
π

xxxx  

  
3

2lnπ
=     by (a) 1A 

   (4) 

1M 
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14. (a) The volume of the solid of revolution 

  yy
h

d)25(
0

2∫ −= π  1M 

  

h

y
y

0

3

3
25












−= π  

  π











−=

3
25

3h
h  1 

   (2) 

 

 

 (b) (i) By (a),  π











−=

3
25

3h
hV   for  40 ≤≤ h  

   π







−=

t

h
h

t

h

t

V

d

d

d

d
25

d

d 2
 1A 

   When  3=h  ,  
t

h

d

d
)325(8

2 π−=  

   
π2

1

d

d
=

t

h
 

   i.e.  the rate of increase of the depth of coffee is  
1

scm
2

1 −

π
 .  1A 

 

  (ii) Let  x ,  l ,  r  and  h  be the lengths as shown in the figure. 

   25422 =+x  

   3=x  1A 

 

   By similar triangles,  
ll

x

+
=

8

6
 1M 

   ll 6324 =+  

   8=l  

   By similar triangles,  
llh

r

+
=

+− 8

6

4
 

   
8

)4(3 +
=

h
r  1A 

   )8()3(
3

)4(
8

)4(3

33

)4(
)4(25

2
23 ππ

π −+






 +
+












−=∴ h

h
V  1M 

 

   Alternative Solution 

   Locating the origin at the centre of the base and the x-axis along the base of 

   the frustum, the equation of a slang edge of the frustum is 

   
36

08

3

0

−

−
=

−

−

x

y
 1M 

   )8(
8

3
+= yx  1A 

   ∫
−

++











−=∴

4

0

2
3

d)8(
64

9

3

)4(
)4(25

h

yyV ππ  1M 

   

4

0

3

3

)8(

64

9

3

236
−











 +
+=

h

yππ
 

 

   i.e.  
3

)4(
64

3

3

164
++= hV

ππ
 1 

4 

8 

6 

5 

x 

r 

h 

l 

x 

y 
(6, 8) 

3 O 
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  (iii) After 15 seconds,  
33

)4(
64

3

3

164
152)412(

64

3

3

164
++=×−++ h

ππππ
 1M 

   30192)4(
64

3 3 −=+ π
π

h  

   
3

1

1064
44 







 −
=+

π

π
h  1A 

   473.11 >≈h  

   
3

)4(
64

3

3

164
++= hV

ππ
 

   
t

h
h

t

V

d

d
)4(

64

9

d

d 2+=
π

 1A 

   After 15 seconds,  
t

h

d

d1064
4

64

9
2

2

3

1
























 −
=−

π

ππ
 

   

3

2

3

1

)1064(9

8

d

d

−

−
=

ππ
t

h
 

   0183.0−≈  

   i.e. the rate of decrease of the depth of coffee is  1scm0183.0 −  . 1A 

 

   (11) 
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