
This document consists of 16 printed pages.

© UCLES 2016 [Turn over

Cambridge International Examinations
Cambridge International Advanced Level

FURTHER MATHEMATICS 9231/01
Paper 1 For examination from 2017
MARK SCHEME

Maximum Mark: 100

Specimen

PMTPMT



9231/01 [Further Maths 1] AS & A Level Mathematics – Mark Scheme 
SPECIMEN 

For Examination from 2017

 

Page 2 of 16 
© Cambridge International Examinations 2016 

Mark Scheme Notes 
 
 Marks are of the following three types: 
 

M Method mark, awarded for a valid method applied to the problem.  Method marks are not lost for numerical errors, algebraic slips or errors in 
units.  However, it is not usually sufficient for a candidate just to indicate an intention of using some method or just to quote a formula; the formula 
or idea must be applied to the specific problem in hand, e.g. by substituting the relevant quantities into the formula.  Correct application of a 
formula without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer. 

 
A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained.  Accuracy marks cannot be given unless the associated 

method mark is 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 generally independent unless the scheme specifically says otherwise; and 
similarly when there are several B marks allocated.  The notation DM or DB (or dep*) is used to indicate that a particular M or B mark is dependent on 
an earlier M or B (asterisked) mark in the scheme.  When two or more steps are run together by the candidate, the earlier marks are implied and full 
credit is given. 
 
 

• The symbol  implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results.  Otherwise, A or B 
marks are given for correct work only.  A and B marks are not given for fortuitously "correct" answers or results obtained from incorrect working. 
 
 

• Note:  B2 or A2 means that the candidate can earn 2 or 0. 
   B2/1/0 means that the candidate can earn anything from 0 to 2. 
 

The marks indicated in the scheme may not be subdivided.  If there is genuine doubt whether a candidate has earned a mark, allow the candidate the 
benefit of the doubt.  Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer 
is ignored. 

 
• Wrong or missing units in an answer should not lead to the loss of a mark unless the scheme specifically indicates otherwise. 
 
• For a numerical answer, allow the A or B mark if a value is obtained which is correct to 3 s.f., or which would be correct to 3 s.f. if rounded (1 d.p. in the 

case of an angle).  As stated above, an A or B mark is not given if a correct numerical answer arises fortuitously from incorrect working.  For Mechanics 
questions, allow A or B marks for correct answers which arise from taking g equal to 9.8 or 9.81 instead of 10. 
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 The following abbreviations may be used in a mark scheme or used on the scripts: 
 

AEF  Any Equivalent Form (of answer is equally acceptable) 
 
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid) 
 
BOD  Benefit of Doubt (allowed when the validity of a solution may not be absolutely clear) 
 
CAO  Correct Answer Only (emphasising that no "follow through" from a previous error is allowed) 
 
CWO  Correct Working Only – often written by a ‘fortuitous' answer 
 
ISW  Ignore Subsequent Working 
 
MR  Misread 
 
PA Premature Approximation (resulting in basically correct work that is insufficiently accurate) 
 
SOS See Other Solution (the candidate makes a better attempt at the same question) 
 
SR Special Ruling (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied 

in the light of a particular circumstance) 
 
 

Penalties 

 
 
 MR –1 A penalty of MR –1 is deducted from A or B marks when the data of a question or part question are genuinely misread and the object and 

difficulty of the question remain unaltered.  In this case all A and B marks then become "follow through " marks.  MR is not applied when 
the candidate misreads his own figures – this is regarded as an error in accuracy.  An MR–2 penalty may be applied in particular cases if 
agreed at the coordination meeting. 

 
 PA –1 This is deducted from A or B marks in the case of premature approximation.  The PA –1 penalty is usually discussed at the meeting. 
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Question Answer Marks Partial 
Marks Guidance 

1 ttx sincos6 2 ,  tty cossin6 2  1 B1  

t
x
y tan

d
d

     (OE) 1 B1  

tt
tt

t
x

y cosecsec
6
1

sincos6
1sec

d
d 4

2
2

2

2




   AG 2 M1A1  

 4   

2 20)2(044 22  mmmm  1 M1  

CF:  tt BtA 22 ee     soi 1 A1  

PI : pxqptxrqtptx 222    1 M1  

22 27444482 trqtptqptp   1 M1  

2
1

 p ,  q = 1,  r = 1 1 A1  

GS:  1
2
1ee 222   ttBtAx tt  1 A1  

 6   
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3 n =1 in formula gives axaxaxax axaxa eeee0   1 B1  

  1Heee.1ee
d
d

 axaxaxaxax axaxx
x

 is true oe 1 B1  

Assume Hk is true, i.e.    axkaxkax
k

k

xaekax
x

ee
d
d 1   . 1 B1  

 ax
k

k

x
x

e
d
d

1

1





 axkaxkaxk xaaka eee 1  1 M1  

 axkaxk xaak ee)1( 1  1 A1  

1H  k  is true, hence by PMI Hn is true for all positive integers n. 1 A1  

 6   

4(i) 
820.4

931
366

931
36

871
35

7
8

3
7

3
7

1
6



























  3 M1A1A1  

4(ii) 
)0(79.3479.1021.09.4

1

66 2
2





 nn

nn

n
 2 M1*A1  

42.54 n    so 55 terms required. 2 DM1A1  

 4   
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5 1515  pp  1 B1  

  q2)()(2 2222    1 M1  

71)83225(
2
1

 q  1 A1  

 3   




1536     ])[(    1 M1  

3036152  a , 12 , e.g. since 122 > 83 or other 
reason 

2 M1A1  

353671   1 B1  

105353  r   1 A1 (extra answer penalised) 

 5   

PMTPMT



9231/01 [Further Maths 1] AS & A Level Mathematics – Mark Scheme 
SPECIMEN 

For Examination from 2017

 

Page 7 of 16 
© Cambridge International Examinations 2016 

Question Answer Marks Partial 
Marks Guidance 

6 





































1
0
1

~
6
0
6

757
10810:1
kji

   oe 2 M1A1  





































1
1
0

~
20
20
0

101010
002:3
kji

   oe 1 A1  

 3   

2
1
2
0

2
2
4

0

1
2
0

857
10710
001







































































   2 M1A1  


















300
010
002

D ,  



















111
102
010

P   (or other multiples or 

permutations). 

2 B1  B1   

Det P = –1  (or 1 depending on permutation). 1 B1  

Adj P = 





















212
001
111

  ⇒  P–1 = 




















212
001
111

  ( or other 

permutations). 

2 M1A1  

 5  
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7 

















 

















 
























0000
0000
4210
1321

~

4210
4210
4210
1321

~

1119137
91395
7753
1321

 2 M1A1  

r(M) = 4 – 2 = 2 1 A1  

032  tzyx  
      042  tzy  1 M1  

E.g. Set z = λ and t = μ ⇒  42 y  and  9x  1 M1  































































1
0
4
9

 ,

0
1
2
1

 is Basis  1 A1  

 6   
























































































1
1

1
0
4
9

0
1
2
1

4
3
2
1

b
a

x  1 M1  

Solving:  4  and 5  
50 a , 30b . 

3 M1 A1 
A1  

 4   
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8   012)4)(1(0 2  kxxkxxy  1 M1  

04202)4(4 222  kxxkxxkxkx  1 A1  

 042 ACB  no stationary points  0816  k  
⇒  k > 2 for no stationary points. 

3 M1A1 
A1  

 5   

When k = 4: 
Vertical asymptote:  x = –1 1 B1  

Oblique asymptote: 



1

222
x

xy   y = 2x + 2 2 M1A1  

Axes and asymptotes 
Each branch. 3 B1 

B1B1  

 6   
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9 xxxxx
e

 lndln
 

1 
 1 B1  

In  
e 

1 

1 dln.)(ln xxx n  1 M1  

   xxxx
x

xnxxxx nn d)ln(1.)(ln)1()ln()(ln 2e 

1 

e 
1 

1     2 M1A1  

  12

e 

1 

2 )1(d)1(ln))(ln1(0 
   nn

n IInxxxn      (AG) 2 M1A1  

Alternative for obtaining reduction formula:    

   
e 

1 

 

1 

1e 
1 d)x(ln)x(lnd1)(ln

e nnn
n xnxxxI  2 M1A1  

1e  nn nII  1 A1  

Similarly  21 )1(e   nn InI  
 

1 B1  

211 )1(   nnnn InInII  1 M1  

 12)1(   nnn IInI   (AG) 1 A1  

 6   
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9   1 e
10  exI  1 B1  

   1 ln e
11  xxxI  1 B1  

 2e)11e(12 I  1 M1  

   e26])2e[1(22 213  III  1 A1  

 
MV 

1
26

1e
3








e

eI  2 M1 A1   

  6   

PMTPMT



9231/01 [Further Maths 1] AS & A Level Mathematics – Mark Scheme 
SPECIMEN 

For Examination from 2017

 

Page 12 of 16 
© Cambridge International Examinations 2016 

Question Answer Marks Partial 
Marks Guidance 

10  5sini5cos)sini(cos 5   1 B1  

ic5ii1010i5)i( 543223455 ssscscsccsc   2 M1A1  

4235

5324

510
1055tan

csscc
sscsc




  1 M1  

Divide numerator and denominator by c5 (stated or shown): 


 42

53

tan5tan101
tantan10tan55tan




    (AG) 1 A1  

 5   
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10 
  ,

5
4 ,

5
3 ,

5
2 ,

5
105tan   1 B1  

0510 35  ttt  has roots 

  tan ,
5
4tan ,

5
3tan ,

5
2tan ,

5
1tan 






























  

0510 24  tt  has roots 

 





























 

5
4tan ,

5
3tan ,

5
2tan ,

5
1tan . 

1 B1  

0
5
2tan

5
1tan 2222 





























  tt  

since  












 

5
4tan

5
1tan  and 













 

5
3tan

5
2tan . 

1 M1  

05102  xx  has roots 





 

5
1tan2  and 






 

5
2tan2 .  (AG) 

 
1 A1  

 4   

 22 tan1sec   1 M1  

05)1(10)1(11 2  yyyxxy  1 M1  

016122  yy  1 A1  

 3   
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11 E 
E.g. 





































1
2
4

~
2
4
8

401
021
kji

 2 M1A1  

21
4

124

1
2
4

.
0
0
1

222




































  (AG) 
2 M1A1  

 4   

)24(
7
1

21
24

21
3 kjikjip 







 
  1 B1  

Line AP:  


































1
2
3

0
0
1

tr  2 M1A1  

For Q  

















1
2
0

3
1

3
1031 qtt  2 M1A1  

 5   
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11E 
E.g. 


















0
2
1

AB ,  
















1
4

0

3
1BQ  1 B1  





















4
1
2

140
021
kji

 2 M1A1  

3
2cos

21
14cos

21
428cos

21.21
4
1
2

.
1
2
4

cos 1111  



































  (AG) 2 M1A1  

 5   
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11O Closed curve through pole with correct orientation. 
Completely correct. 2 B1 

B1  





d)coscos21(

2
12

 

2
1 

22  a

  





 






 

2
1 

2 d2cos
2
1cos2

2
3a  

2 M1M1  

 





 

2
1 

2 2sin
4
1sin2

2
3





  a  2 M1A1  

 





  2

4
32 a  1 A1  

 5   
2

d
d









s  )sincoscos21( 222   a  1 B1  

 
2
1sin4

2
1sin2.2)cos1(2 22222 aaa    (AG) 2 M1A1  

s 





 

2
1 

d 
2
1sin22 a  1 M1  

 





 

2
1 2

1cos24 



 a  1 A1  

 a24  2 M1A1  

 7   
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