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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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1 ( )343/1
1 yyyx +=⇒=  M1A1 

 

 0133
234

=−−−−⇒ yyyy  A1 

 

 ( ) 7321
6

=−×−=∑α  M1A1 

 

 or 012
2342

=+−−⇒= yyyxy  has roots 
222

  ,  , γβα  M1 

 

 ( )( ) ( )( ) ( )222222426
3 γβαβααααα ∑∑∑∑∑∑ +−=  M1A2 

 

 = 5 – (–2) + 0 = 7 A1 

 

 or  For last 2 marks 

 

 z = y
2
 ⇒  z

4
 – 7z

3
 + z

2
 – 3z + 1 = 0 M1 

 

 
( )

7
1

76
=

−

−=∑α  A1 

 

 or  Use of SN+4 = SN + SN+3  M1 

 

 S–1 = 
1

0
= 0 S2 = 1

2
 – 2 × 0 = 1 (both)  M1A1 

 

 S3 = 0 + 1 = 1 

 S4 = 1 + 4 = 5 (both)  A1 

 

 S5 = 5 + 1 = 6 

 S6 = 6 + 1 = 7 (both)  A1 

 

 

2 Verifies displayed result M1A1 

 

 (i) SN = 1/15 – 1 / (N + 3)(2N + 5) M1A1A1 

 

 (ii) S∞ = 1 / 15 A1 ft 

 

 Note: Must see working for preliminary result 

 

   Either (2n
2
 + 11n + 15) – (2n

2
 + 7n + 6)  (oe) 

 

   Or (n + 3)(2n + 5) – (n + 2) (2n + 3) 

 

   A1   A1 

 

} in numerator
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3 

∫
∫

=

ydx

dxy
y

2

2

1

 M1 

 

 3/
3

0  

aydx
a  

λ=∫  B1 

 

 ∫ =

a  

adxy
0  

522
5/λ  M1A1 

 

 10/3...
2

ay λ==  A1 

 

 
a

ay
3

10
=⇒= λ   (AG) A1 

 

 Finding x  is not a misread and scores M0 

 

 

4 dy / dx = x
2
 and range of x is [0,1] ( ) dxxs

2/11  

0  

4
1∫ +=⇒   (AG) M1A1 

 

 ( )( ) dxxxS

2/11  

0  

43
113/2 ∫ ++= π   (AEF)   (completely correct) M1 

 

 ( ) ( ) dxxxsπS  

2/14
1  

0  

3
13/22 ++= ∫π  A1 

 

 ( ) ( )( ) 2/342/143
16/11 xdxxx +=+∫  B1 

 

 ( )( )122189/ −+= sS π    (AG)  cwo A1 
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5 Sketch with correct shape, location and orientation B1 

  

 Shows tangency to the initial line at the pole B1 

 

 Ignore extra in diagram 

 

 Draws, in the same diagram, a straight line passing through the origin and with positive gradient 

(distinct half-line and not a construction line) B1 

 

 ( )∫ =

2/

0  

32
48/2/1

π  

d πθθ  M1A1 

 

 ( )∫ =

α  

d
0  

32
6/2/1 αθθ  A1 

 

 
3/433

2.96/6/
−

=⇒= παπα   (aef) A1 

 

 or for previous 4 marks: 

 

 ( ) ( )∫ ∫=

α  π  

α  

dd
0  

2/
22

2/12/1 θθθθ  M1 

 

 ])2/)[(6/1(6/
333

απα −=  A1A1 

 

 ( ) 3/133
1616/

−

=⇒=⇒ παπα , or equivalent A1 
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6 (1 + y1)(x
2
 + y

2
) + (x + y)(2x + 2yy1) = 0 B1B1 

 

 Puts x = 0, y = 1 to obtain y1 = –1/3 B1 

 

 (x
2
 + y

2
)y2 + 2(1 + y1)(2x + 2yy1) + (x + y)(2 + 

2

1
2y + 2yy2) = 0 B1B1B1 

 

 Puts x = 0, y = 1, y1 = –1/3 to obtain y2 = –4/9 (cwo) B1 

 

 or 

 

 x
3
 + xy

2
 + x

2
y +y

3
 = 1  (expanding) 

 

 Differentiating 

 

 3x
2
 + y

2
 + 2xyy′   +   2xy + x

2
y′ + 3y

2
y′ = 0 

 

  B1  B1 

 

 Sub (0,1) 1 + 3y′ = 0 ⇒  y′ = –
3

1
 B1 

  

 Differentiating again 

 

 6x + 2yy′ + 2yy′ + 2x(yy″ + (y′)
2
)    +    2y + 2xy′ + x

2
y″ + 2xy′    +    6y(y′)

2
 + 3y

2
y″  = 0 

  B1  B1  B1 

 

 Sub (0,1)   
9

4
03

3

4
−=′⇒=′′+ yy  B1 

 

 For those who write 
( )
( )22

22

32

23

d

d

yxyx

yxyx

x

y

++

++−
=  

 

 4
th

, 5
th

 and 6
th

 marks are awarded as follows: 

 

 
)1B(

)1B(
d

d
)1B(

d

d

2
v

x

vu

x

u

v −
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7 [ ] ∫
−−−

+−=

1  

0  

1
1  

0  
dtetnetI
tntn

n
 M1A1 

 

 
1

1

−

−

−= enII
nn

    (AG) A1 

 

 Hk : Ik < k!  for some k B1 

 

 Hk :⇒  Ik + 1 < (k + 1)k! – e
–1

 < (k + 1)! M1A1 

 

 I1 = 1 – 2e
–1

 B1 

 

 (Do not allow I0 unless I1 is deduced from it) 

 

 Completes induction argument  A1 

 

 This requires at least: 

 

 ‘The assumption is true and it is true for all positive integers’ for the final mark, which is only 

awarded if  all previous marks have been gained in the proof part. 

 

 

8 Roots of AQE are –1/2 ± 4i  (allow 1 sign/coefficient error) M1 

 

 CF = e
–x/2

 (A sin 4x + B cos 4x) A1 

 

 PI of the form ax
2
 + bx + c M1 

 

 PI = x
2
 + 1 M1A1 

 

 General solution: y = e
–x/2

(A sin 4x + B cos 4x) + x
2
 + 1 A1 

 

 CF/x
2
 → 0∀A and B ⇒  CF/x

2
 → 0 M1 

 

 ⇒  y/x
2
 →1 as x → ∞   (AG, CWO) A1 

 

 Allow e
–kx

 → 0 as x → ∞  provided K > 0 for M1 

 

 [Use of D operator for PI    M1 

 

 Obtaining PI    M1A1] 
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9 Exhibits A – λ I in a numerical form, where λ  = 1, 5 or 7 M1 

 

 Uses this form in some way to obtain1 eigenvector M1 

 

 Eigenvectors: any non-zero scaling of 














−
−
7

6

17

, 













−
1

2

1

, 














1

0

1

 A1A1A1 

 

 P = 














−
−−

117

026

1117

  Do not allow 














0

0

0

 B1 ft 

 

 D = 














n

n

700

050

001

 M1A1 

 
1

700

050

00
−
















= PPA

nn

nn

n

nn

k

k

k

k  M1A1 

 

 –1/7 < k < 1/7 A1 

 

 For first 2 marks 

 

 Forms [ 1 vector product M1 

 

 Evaluates [ 1 vector product M1 
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10 One asymptote is x = –λ  B1 

 

 y = x – λ +λ
2
/(x + λ ) M1 

 

 Other asymptote is y = x – λ  A1 

 

 or  for previous 2 marks: 

 

 mx + c = x
2
/(x + λ )⇒ (m – 1)x

2
 + (c + λ m)x + λ c = 0 

 

 m – 1 = 0, c + λ m = 0  (both) M1 

 

 m = 1, c = –λ   (both) A1 

 

 Differentiates and y′ = 0 M1 

 

 Identifies turning point at (–2λ , –4λ ) and (0, 0) A1A1 

 

 (Award D1 if correct turning points stated with no working) 

 

 

 First graph: 

 

 Axes and both asymptotes B1 

 

 Branches B1B1 

 

 Deduct at most 1, overall, for bad forms at infinity 

 

 

 Second graph: 

 

 Axes and both asymptotes + 1 branch B1 

 

 Other branch B1 

 

 Deduct at most 1, overall, for bad forms at infinity 

 

 

 Choose which is 1st
 graph and which is 2

nd
 to the benefit of candidates, i.e. best = 1

st
 

 

 For differentiating a special case  M1A0A0 

 

 Graphs of special cases  B2 (max) B1 (max) 

 

 If stated in text, turning points need not be labelled on graph 
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11 (i) (i – (2sint)j) × (4j – k) = (2sint)i + j + 4k M1A1 

 

  PQ = (i – j).[(2sint)i + j + 4k]/ 17sin4
2

+t  dM1A1 

 

  PQ = 17sin4/sin21
2

+− tt  A1 

 

  Condone disappearing modulus sign –  

  

  Deduct 1 mark if no modulus sign at all 

 

 (ii) 6/5 ,6/2/1sin0 ππ=⇒=⇒= ttPQ  or 0.524, 2.62 M1A1 (both) 

 

 (iii) Obtains some vector ⊥  plane BPQ, e.g., 

 

  ( ) ( ) kjijikji 3424242 −+=−×++  M1A1 

 

  ( ) ( ) ( ) 57/ . 3424: jikji −−+=BPQAp  M1A1 

 

  ( ) 219.057/124 =−=  A1 

 

 or 

 

 For (i) 

 

  














−
+














==

1

4

0

4

1

2

1
λrl  

  













−+














==

0

sin2

1

4

2

1

2
tr µl  














−−
−

=⇒
λ

µλ
µ

tPQ sin241

1

 

 

  0

1

4

0

=














−
⋅PQ    4sin817 =+⇒ tµλ  

  

  0

0

sin2

1

=













−⋅ tPQ  ( ) ttt sin21sin41sin8

2

+=++⇒ µλ  M1 

 

  Whence 
( )

( )t
t

2

sin417

sin214

+

−
=λ    and   ( )t

t

2

sin417

sin217

+

+
=µ  A1 (both) 
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  For PQ  
( )

( )t
tt

x
2

sin417

sin21sin2

+

−
=   ( )t

t
y

2

sin417

sin21

+

−
=   

( )
t

t
z

2

sin417

sin214

+

−
=   dM1A1 

 

  (λ  and µ  of the form 
t

tba

2

sin417

sin

+

+
) 

 

  
( )

( )
222

2

222

41sin4
sin417

sin21
++

+

−
=++= t

t

t
zyxPQ  

 

  
t

t

2

sin417

sin21

+

−

=   A1 

 

  For (iii) Eliminates λ  and µ  from parametric equation of plane BPQ 

 

  













+














−+














=















4

1

2

0

2

1

4

2

1

µλ

z

y

x

 M1A1 

 

  to obtain cartesian equation of plane BPQ 

 

  ( )1243424 −=−+ zyx   * A1 

 

  Uses distance of point from a line formula with * and (2, 1, 4) M1 

 

  d = 
( )

57

124

91632

42412428 −
=

++

+−−+
 

 

     = 0.219 cao A1 
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12 EITHER 

 

 ( ) ( )θθθθ kiki
kk

sincossectan1 +=+  M1A1 

 

 ( ) θθθ tan/]1)tan1[(tan1
1

0
iii

nkn

k
−+=+∑ −

=
 M1A1 

 

 ( )θθθθθθθ cotcosseccotcotsinsec nin
nn

−+=  A1 

 

 θθθθθ cotsinseccossec
1

0
nk

nkn

k
=⇒∑ −

=
  (AG) M1A1 

 

 Put θ  = 3/π  to obtain second result  (AG) M1A1 

 

 xx /1seccos =⇒= θθ , 
2

1/cot xx −=θ  M1A1 

 

 Uses these results to obtain final result  (AG) M1A1 

 

 First 7 marks 

 

 ( ) ( ) ( ){ }
θ

θ
θθθθ

tan

tan11
secsincostan1

1

0

1

0 i

i
kiki

n

k

nn

k

−

+−
=+=+ ∑∑

−−

 

 

 

   M1A1 M1A1 

 

  
( )







 +−

=∴∑
−

θ

θθθ
θθ

tan

secsincos1
Reseccos

1

0 i

nin
k

n
n

k
 M1A1 

 

   = θθθ cotsecsin
n

n  (AG) A1 
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12 OR 
 

 (i) Reduces M1 to col echelon form by elementary col operations 
 

  or T

1
M  to row echelon form by elementary row operations  

 

  





















−

−

→

0000

1100

7030

1003

1

T
M  hence 













































−







































1

1

0

0

 ,

7

0

3

0

 ,

1

0

0

3

  M1 

 

  Any correct echelon form  A1 
 

  Selects 3 li cols from reduced M1 (or equiv from reduced T

1
M ) M1 

 

  (Allow M1A1M1 for any other valid method) 
 

  Any correct basis of R1, e.g. 













































−







































1

1

0

0

 ,

1

6

3

0

 ,

1

1

1

1

 or 













































−







































− 1

1

0

0

 ,

7

0

3

0

 ,

1

0

0

3

 A1 

 

  or for (i) 
 

  Reduces M1 to row echelon form by elementary row operations 





















0000

1200

2210

2111

 M1 

 

  Any correct row echelon form  A1 
 

  No working for echelon matrix here, or in (ii) gets B1 
 

  rr(M1) = 3 ⇒  any 3 li columns form a basis of M1  May be implied by answer M1 
 

  Any correct basis of R1, e.g., 





















































































5

11

7

1

 ,

2

7

4

1

 ,

1

1

1

1

  A1 

 

  or 
 

  detM1 = 0  (calculator)  M1 
 

  3
1
≤⇒ Mr    A1 

 

  First 3 columns of M1 are clearly linearly independent  M1 
 

  Hence basis   A1 
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 (ii) Reduces M2 to echelon form by elementary row operations 





















−−

−−

0000

0000

1120

1102

 M1 

 

  Any correct row echelon form  A1 
 

  Valid method to find basis of K2    M1 
 

  (Allow M1A1M1 for any other valid method) 
 

  Any correct basis of K2, e.g., 

































































0

2

1

1

 ,

2

0

1

1

  or  













































−



















1

1

0

0

 ,

1

1

1

1

  A1 

 

  Shows each basis element of K2 is in R1  (AG)  B1 
 

  First 4 marks 
 

  

dc

2cba

b

a

0000

0000

1110

13352

d

c

b

a

6131

6131

1110

13352

2

−

++




















−−
→





















−−−−

−−−−

−−
=T

M  M1A1 

 

  Basis is 













































−



















1

1

0

0

 ,

0

2

1

1

  M1A1 

 

 

 (iii) Any valid argument, e.g., W does not contain zero vector so W not a vector space B1 
 

 (iv) For any vector x, M2M1x = M2(α b1 + β b2 + γ b3), where b1, b2, b3 are any 3 l.i. basis 

vectors of R1, 2 of which must be basis vectors of K2  M1 
 

  Hence if b1 and b2 are basis vectors of K2, then M2M1x = γ M2b3 A1 

 

  Hence as dim(range of T3) = 1, then the dimension of the null space of T3 = 4 – 1 = 3 A1 
 

 

  or M2M1 = 





















−−−

−−−

−−−

−−−

9090450

2020100

3636180

141470

  B1 

 

  Nullity = 4 – r(M2M1) = 3  M1A1 
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