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Key to mark scheme and abbreviations used in marking 
 
M mark is for method 
m or dM mark is dependent on one or more M marks and is for method 
A mark is dependent on M or m marks and is for accuracy 
B mark is independent of M or m marks and is for method and accuracy 
E mark is for explanation 
   

or ft or F follow through from previous 
incorrect result 

 
MC 

 
mis-copy 

CAO correct answer only MR mis-read 
CSO correct solution only RA required accuracy 
AWFW anything which falls within FW further work 
AWRT anything which rounds to ISW ignore subsequent work 
ACF any correct form FIW from incorrect work 
AG answer given BOD given benefit of doubt 
SC special case WR work replaced by candidate 
OE or equivalent FB formulae book 
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme 
–x EE deduct x marks for each error G graph 
NMS no method shown c candidate 
PI possibly implied sf significant figure(s) 
SCA substantially correct approach dp decimal place(s) 
 
 
No Method Shown 
 
Where the question specifically requires a particular method to be used, we must usually see evidence of use 
of this method for any marks to be awarded. However, there are situations in some units where part marks 
would be appropriate, particularly when similar techniques are involved.  Your Principal Examiner will alert 
you to these and details will be provided on the mark scheme. 
 
Where the answer can be reasonably obtained without showing working and it is very unlikely that the 
correct answer can be obtained by using an incorrect method, we must award full marks.  However, the 
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks. 
 
Where a question asks the candidate to state or write down a result, no method need be shown for full marks. 
 
Where the permitted calculator has functions which reasonably allow the solution of the question directly, 
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy 
accepted in the mark scheme, when it gains no marks. 
 
Otherwise we require evidence of a correct method for any marks to be awarded. 
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  MPC3 
Q Solution Marks Total Comments 
1(a)(i) 

 ( ) cos 1f –
2 1 2

xx
x

=
+

   OE 

 
( ) 1f 0

2
= ;  π 1f –

2 2
⎛ ⎞ =⎜ ⎟
⎝ ⎠

 M1 
 π

0 LHS 1, LHS 0
2

x x= = = =  

 
Change of sign   π0

2
α< <  A1 2 Either side of 

1 π, 0
2 2

α< <∴  

    
(ii) 

 
cos 1
2 1 2

x
x

=
+

                   

 2cos 2 1 1or, cos
2cos –1 2 2

x x
x x

x x
= + ⎫

= +⎬= ⎭    
Either line 

 1cos
2

x x= −  B1 1 AG; or 1
cos

2
x x− =  

All correct with no errors 
     

(iii) 1 0x =     
 2 0.5x =  

 
3 0.378x =  

M1 
 

A1 

 
 

2 

Attempt at iteration 
( )2 3allow 0.5, 0.38,0.4x x= − =  
CAO 

     

(b)(i) 
 
 

( ) ( )
( )2

2 1 – sin – cos 2d
d 2 1

x x xy
x x

+ ×
=

+
 M1  

 
Attempt at quotient rule:  

( )
( )2

2 1 sin 2cos

2 1

x x x
x

± + ±

+
 

  A1  Either term correct  
  A1 3 All correct       ISW 
     

(ii) 0x =     

 
d – 2
d
y
x

=  m1  Correctly subst. 0x =  into their 
d
d
y
x

 

 
1Gradient of normal =
2

∴  A1 2 CSO 

    
 Total  10  
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MPC3 (cont) 
Q Solution Marks Total Comments 

2(a) ( )f 0x .  M1  ( )For 0,  f 0x >.  
  A1 2 Correct; allow 0,  f 0y. . 

(b)(i) 2 5y x= +     

 2 5x y= +  M1  x y⇔  
 2 2 5x y= +  M1  Attempt to isolate, squaring first 

 ( )
2

1 – 5f
2

xx− =  A1 3 condone ( ) y =  

(ii) 0x .  B1F 1 ft their (a), but must be x 
     

2(c)(i) ( ) ( )h fgx x=     

 
12 5

4 1x
⎛ ⎞

= +⎜ ⎟+⎝ ⎠
 B1 1  

     
(ii) 

 
12 5 3

4 1x
⎛ ⎞ + =⎜ ⎟+⎝ ⎠

  
  

 12 5 9
4 1x

⎛ ⎞ + =⎜ ⎟+⎝ ⎠
 M1  one correct step from (c)(i), squaring 

 1 2
4 1x

=
+

 

14 1 or 16 4 2
2

x x+ = + =  
A1   

 1– or equiv
8

x =   
A1 

 
3 

 
CSO  

 Total  10  

3(a) 
 

1 1tan 0.32
3

− ⎛ ⎞− = −⎜ ⎟
⎝ ⎠

 M1 

 
 

Sight of 0.32 or 18.43±  

 
  

2.82, 5.96x =  
A1 
A1 

 
3 

a correct answer                 AWRT 
 –1 for any extra in range, ignore extra 
answers not in range. 

 
 

  
[SC  161.57, 341.57  AWRT M1A1  
(max 2/3)] 

(b) ( )23 tan 1 5tan 5x x+ = +     

 
23 tan – 5tan – 2 0x x =  B1 1 AG 

     
      3(c) ( )( )3tan 1 tan – 2 0x x+ =  M1  Attempt at factorisation/formula 

 1tan 2, –
3

x =  A1   

 1.11, 4.25, 2.82, 5.96x =            AWRT B1 
  3 correct    [SC    x = 1.11, 4.25 + their 

two  answers from (a)] 
  B1 4 4 correct, no extras in range 
  

  
[SC  161.57, 341.57, 63.43, 243.43  
AWRT B1 (max 3/4)] 

 Total  8  

either 
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MPC3 (cont) 
Q Solution Marks Total Comments 

4(a)  
 
 
 
 
 
 
 
 

M1 
 
 

A1 
 

A1 

 
 
 
 
 

3 

Modulus graph, 3 section, condone shape 
inside + outside 50±  
 
Cusps + curvature outside 50±  
 
Value of ( )and shape inside 50y ±  

     
(b) 250 – 14x =     

 2 2

2 2

50 – 14 36
50 – –14 64

x x
x x

= =
= =

 M1   Either  

     
 6, 8x =± ±  A1  2 correct, from correct working  
  A1 3 All 4 correct, from correct working  
     

(c) – 6 6x< <  B1   
 8, 8x x> < −  B1  2  
     

(d) 
 
 
 
 
 
 
 
 
 
 
 

Reflect in x-axis  

Translate 
0
50
⎡ ⎤
⎢ ⎥
⎣ ⎦

 

M1,A1 
 

E1, B1 
 

 
 

4 
 

or
Reflect in  = 

0
Translate 

50 – 2

y a

a

⎧ ⎫
⎪ ⎪

⎡ ⎤⎨ ⎬
⎢ ⎥⎪ ⎪
⎣ ⎦⎩ ⎭

 

or 
0

Translate
50

Reflect in axisx

−

−

⎧ ⎫⎡ ⎤
⎪ ⎪⎢ ⎥⎨ ⎬⎣ ⎦
⎪ ⎪⎩ ⎭

 

or 
0

Translate
2 50

Reflect in 

a

y a

−

=

⎧ ⎫⎡ ⎤
⎪ ⎪⎢ ⎥⎨ ⎬⎣ ⎦
⎪ ⎪⎩ ⎭

 

 Reflect in y = 25 scores 4/4    
 Total  12  

5(a) 2ln 5x =     

 
5
25ln e

2
x x= =  B1 1  

(b) 
152 ln 11
ln

x
x

+ =     

 ( ) 22 ln 11ln 15 0x x− + =  M1  Forming quadratic equation in ln ,x  
condone poor notation 

 ( ) ( )2 ln – 5 ln – 3 0x x =  m1  Attempt at factorisation/formula 

 
5ln , 3 condone 2ln  = 5
2

x x=  A1   

 3
5
2e , ex =  A1,A1 5 

[SC for substituting 
5
2ex = or equivalent 

into equation and verifying    B1 ( )1
5 ] 

 Total  6  

O

y 

x 

50

( )50−  
 

( )50  
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MPC3 (cont) 
Q Solution Marks Total Comments 

6(a) 
 

2π dV x y= ∫  B1  PI 

 

( ) ( )2π
100 – d

4
V y y= ∫  

M1  
( )2100 dk y y−∫    may be recovered  

Allow ( )2
their d ,x y∫  expanded  

 
( )

( )

( )103

0

π
100

4 3
yy

⎡ ⎤
= −⎢ ⎥

⎣ ⎦
 A1   

 
( )π 2000
4 3

⎡ ⎤= ⎢ ⎥⎣ ⎦
 m1  For F(10) −  F(0) 

 

500π
3

=  A1 
 
 
 
 
 
 
 
 
 

5 
 
 
 
 
 
 
 
 
 

OE     CSO 

53

0

SC: if rotated about -axis

4100    M1
3

1000 =    A1 max 2/5
3

π

x

xV x –π

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎢ ⎥⎣ ⎦⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

(b) 

0.5 9.95(0)
1.5 9.539
2.5 8.66(0)
3.5 7.141
4.5 4.359

x y ⎫
⎪
⎪
⎪⎪
⎬
⎪
⎪
⎪
⎪⎭

or better  

 
B1 

 
M1 

 
A1 

 

 
Correct x 
 
4 + correct y to 2sf 
 
All  y  correct 

 = 1 39.6A y× =∑  A1 4 ( 39.6  scores 4
4 ) 

6(c)(i) 
 ( ) ( )

1
2 2d 1 100 – 4 –8

d 2
y x x
x

−
=  M1  Chain rule  ( ) ( )

1
2 f x− × ; allow f(x) = k  

    ( ) ( )1f – 8 – 4
2

x x x= =  

 ( )
1–
2

d3 –12 100 – 36
d
yx
x

= ⇒ =  A1   

 3– or equivalent
2

=
 

A1 3 CSO  

(ii) ( )38 – – 3
2

y x− =  M1 

 

( )d
8 their 3

d
y

y x
x

− = −⎛ ⎞
⎜ ⎟
⎝ ⎠

d
or their

d
y

y x c
x

= +⎛ ⎞
⎜ ⎟
⎝ ⎠

and subst. (3,8) to 

find c 
 ( )2 –16 – 3 9y x= +     
 2 3 25y x+ =  A1 2 AG; all correct with no slips, full marks  

in part (i) 
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MPC3 
Q Solution Marks Total Comments 

 
6(d) 

 

250
2

x y= =  or equivalent  B1   

 250
3

y = x =    B1  OE 

 
Area  of 1 25 25Δ =

2 2 3
× ×  M1  for ( ) ( )1

their their
2

y x× or 1 sin
2

ab C  

 Area = Area Δ –  (b) m1  PI  Δ >  (b) 
 Required area  =  12.5   AWRT A1 5 Condone 12.4  AWRT 
     

(d) Alternative    
 

Area Δ = ( ) ( )
0

25
3 1 25 – 3 d

2
x x∫  

(B1) 
(B1)   

 

= 

25
2 3

0

1 325 –
2 2

1 625 625–
2 3 6

xx
⎡ ⎤
⎢ ⎥
⎣ ⎦

⎡ ⎤
⎢ ⎥⎣ ⎦

 (M1)  For integration and 
25f ( ) f (0)
3

−  

 

 625
12

=     

 Total  19  
7(a) ( )– 1 ln dt t t∫     

 dln –1
d
vu t t
t

= =  M1  Differentiate + integrate, correct direction 

 2d 1 –
d 2
u tv t
t t

= =  A1  All correct  

 
( )

2 2 1– ln – – d
2 2
t tt t t t

t
⎛ ⎞ ⎛ ⎞

= ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

∫ ∫      

 
( )

2

– ln – –1 d
2 2
t tt t t

⎛ ⎞ ⎛ ⎞=⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠
∫  A1  Condone missing brackets  

 
( )

2 2

– ln –
2 4
t tt t t c

⎛ ⎞
= + +⎜ ⎟
⎝ ⎠

 A1 4 CAO 
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MPC3 (cont) 
Q Solution Marks Total Comments 

7(a) Alternative    
 ( )–1 lnt t∫  (M1)  ( )–1ln tu t v =′=  
 

 (A1)  ( )2–11
2

t
t

u v =′ =  

 ( ) ( )2 2–1 –1 1    ln – d
2

t t
t t

t t
=∫ ∫     

 ( )2 2t–1 t –2t +11ln – d
2 2 t

t t∫     

 ( )2t–1 1 1ln – – 2 d
2 2

t t t
t

+∫  (A1)   

 ( )2 2t–1 1ln – – 2 ln
2 2 2

tt t t
⎡ ⎤

+⎢ ⎥
⎣ ⎦

 (A1)   

 2 1ln – ln ln
2 2
t t t t t= +

2 1– – ln
4 2
t t t+

 
   

 2
21– ln –

2 4
t t t t t c

⎛ ⎞
= + +⎜ ⎟
⎝ ⎠

  (4)  

     
(b) 2 1t x= +     

 
d 2 dt x=  (RHS) M1  ( )d

2 LHS
d

t
x

=  

 2 – 1,x t=  m1  OE  

 ( ) d2 –1 ln
2
tt t=∫ ∫  A1 3 AG 

(c) [ ] [ ]1 3

0 1
x t=  M1  Limit becoming 3  

 
32 2

1

– ln –
2 4
t tt t t

⎡ ⎤⎛ ⎞
= +⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

∫     

 
9 9 1– 3 ln 3– 3 – 0 – 1
2 4 4

⎡ ⎤⎛ ⎞ ⎡ ⎤= + +⎜ ⎟⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎣ ⎦⎣ ⎦
 m1  Correctly sub. 1,3 into their (a) 

 
3 ln 3
2

=  A1 3 CSO 

 or    

 
( ) ( ) ( ) ( ) ( )

12 2

0

2 1 2 1
– 2 1 ln 2 1 – 2 1

2 4
x x

x x x
⎡ ⎤⎛ ⎞+ +
⎢ ⎥⎜ ⎟= + + + +
⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

∫

 
(M1)  Condone 1 slip  

 
9 9 1– 3 ln 3 – 3 – 0 – 1
2 4 4

⎛ ⎞⎛ ⎞ ⎛ ⎞= + +⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

 (m1)  Correctly sub. 0,1 

 
3 ln3
2

=  (A1) (3) CSO 

 Total  10  
 TOTAL  75  
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