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3



Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q6  ·  8 marks ANSWER  ›4.1  Roots of Polynomials

4

*P74078A01832*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

18

  

6.	 The quartic equation

2 5 6 04 3 2x Ax Ax x� � � � �

	 where A is a real constant, has roots � � � �, ,   and 

	 (a)	 Determine the value of

3 3 3 3
� � � �
� � �

(3)

	 Given that � � � �2 2 2 2 3

4
� � � � �

	 (b)	 determine the possible values of A
(5)
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Question 6 continued
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STANDARD SERIES FORMULAE
SUB-TOPIC 4.3

Sub-topic 4.3  ·  1 question  ·  9 marks  ·  lowest tariff first

8
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4.	 In this question you may assume the results for

r
r

n
3

1=
∑  ,  r

r

n
2

1=
∑   and  r

r

n

=
∑

1

	 (a)	 Show that the sum of the cubes of the first n positive odd numbers is

n2 (2n2 − 1)
(5)

	 The sum of the cubes of 10 consecutive positive odd numbers is 99 800

	 (b)	Use the answer to part (a) to determine the smallest of these 10 consecutive positive 
odd numbers.

(4)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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METHOD OF DIFFERENCES
SUB-TOPIC 4.4

Sub-topic 4.4  ·  1 question  ·  6 marks  ·  lowest tariff first
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  

4.	 Use the method of differences to show that

2

4 6 30 5 6
1

r r
n an b
n n

r

n

�� � �� �
�

�� �
�� � �� �

�
�

	 where a and b are integers to be determined.
(6)
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Question 4 continued
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Paper 2: Core Pure Mathematics 2  ·  June2024  ·  Q4  ·  6 marks ANSWER  ›4.4  Method of Differences

17

*P75683A01132* Turn over      

11

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 4 continued
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3.	 f (x) = arcsin x            −1  x  1

	 (a)	 Determine the first two non-zero terms, in ascending powers of x, of the Maclaurin 
series for  f (x) ,  giving each coefficient in its simplest form.

(4)

	 (b)	Substitute  x = 
1

2
  into the answer to part (a) and hence find an approximate value for π

		  Give your answer in the form  pq   where p and q are integers to be determined.

(2)
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Question 3 continued
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2.		  f(x) = tanh
� �

�
�
�
�

�
�
�

1 3

6

3

2

x
x

x <

	 (a)	 Show that

f ′(x) = – 1

2 3x +
(4)

	 (b)	 Hence determine f ′′(x) 
(1)

	 (c)	 Hence show that the Maclaurin series for f(x), up to and including the term in x2, is

ln p qx rx+ + 2

		  where p, q and r are constants to be determined.
(3)
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Question 2 continued
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(Total for Question 2 is 8 marks)
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9.		  y = coshn x n  5

	 (a)	 (i)	 Show that

d

d

2

2

y
x

 = n2 coshn x – n(n – 1)coshn – 2 x
(4)

		  (ii)	 Determine an expression for d
d

4

4

y
x

(2)

	 (b)	Hence determine the first three non‑zero terms of the Maclaurin series for y, giving 
each coefficient in simplest form.

(2)
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Question 9 continued
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Question 9 continued
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(Total for Question 9 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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  

8.	 Given that

y x x= cos sinh     x � �

	 (a)	 show that

d

d

4

4

y
x

ky=

		  where k is a constant to be determined.
(5)

	 (b)	 Hence determine the first three non-zero terms of the Maclaurin series for y, giving 
each coefficient in simplest form.

(3)
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT



Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q8  ·  8 marks ANSWER  ›4.5  Maclaurin Series

28

*P74078A02832*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

28

  

Question 8 continued
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Question 8 continued
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(Total for Question 8 is 8 marks)
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2.	 (a)	 Write down the Maclaurin series of ex, in ascending power of x, up to and including 
the term in x3

(1)

	 (b)	 Hence, without differentiating, determine the Maclaurin series of

e(ex – 1)

		  in ascending powers of x, up to and including the term in x3, giving each coefficient 
in simplest form.

(5)
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Question 2 continued
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Question Scheme Marks AOs 

6(a) 4 3 2 4 3 2 5 62 5 6 0 0
2 2 2 2
A Ax Ax Ax x x x x x            

6
2

    

5
2

        

B1 3.1a 

 
5333 3 3 3 2 ...

6
2

   
    

       
     

    

 M1 1.1b 

5
2

  A1 1.1b 

 (3)  

(b) 
2
A

          
2
A

            B1 1.1b 

 
 

2

2 2 2 2              2

   

         

   

        
 M1 

A1 
3.1a 
1.1b 

2
23 2 4 3 0 ...

2 4 2
A A A A A

                     
 dM1 1.1b 

1, 3A   A1 1.1b 

 (5)  

(8 marks) 

Notes: 

(a) 
B1: Identifies the correct values for the product and triple pair sum. If seen these must be correct, 

but they may be implied if not explicitly extracted, e.g. 
2

3 3 53 5
6

i j k

i

α α α

α αβγδ
×= = =∑∑  does not 

technically contain an incorrect step if one realises the 2’s will cancel. A good indication will be 
what happens in part (b) – if there they realise the 2’s are involved then allow b.o.d. for a calculation 
such as here given in (a). 
Note αβγδ∑  is a correct notation for the product of roots. 

M1: Uses the correct identity and their values of the product and triple sum. (The values need not be 
correct for this mark.) 
A1: Correct value following correct identity with no indication of incorrect values for triple sum and 
product (see comment on the B mark). 

  

PMT



MARK SCHEME  ·  Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q6 ‹  QUESTION4.1  Roots of Polynomials

35

(b) 
B1: Identifies the correct values for the sum and pair sum. Allow when first seen – some will list all 
these in part (a), which is fine for this mark. 
M1: Attempts to find the identity for  2       in terms of the sum of squares and pair sum 
(seen or implied). Allow attempts where the “2” is incorrect with no other method shown. 
A1: Correct identity (seen or implied). 
dM1: Dependent on previous method mark. Substitutes the sum and pair sum of the roots into their 
identity and forms and solves a 3TQ for A (usual rules). 
A1: Correct values of A 

6(a) 
Alt 

43 3 3... 5 6 02x
w w w

   = + − + =  
 

⇒ 
 

 or 
41 1 1... 5 6 02x

w w w
   = + − + =  

 
⇒ 

 
 B1 3.1a 

3 4

3
6 0

1
... ... ... 15

5
6i

w w w



 
    

   

 



        or         

3 42 ... 5
13

6 0
53

6i

ww



 
     

  

  


 M1 1.1b 

5
2

=                                                A1 1.1b 

 (3)  

Alt (a): Some may use a transformation. These can be scored as 

B1: Makes a correct substitution into the equation to solve the problem. This will probably be 3x
w

=  

but note that 1x
w

=  can also be used. 

M1: Multiplies through by w4 and extracts the correct sum of roots from the new equation. If using 
1x
w

=  they must also multiply through by the 3 to gain this mark. 

A1: Correct answer from correct work on the relevant coefficients (the others need not be seen). 
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Question Scheme Marks AOs 

4(a) A complete attempt to find the sum of the cubes of the first n odd 

numbers using three of the standard summation formulae. 

Attempts to find ( )
3

2 1r +  or ( )
3

2 1r −  by expanding and using 

summation formulae 

M1 3.1a 

( ) ( )
3 3 2 3 2

1 1 1 1 1 1

2 1 8 12 6 1 8 12 6 1
n n n n n n

r r r r r r

r r r r r r r
= = = = = =

− = − + − = − + −       

or 

( ) ( )
1 1 1 1 1 1

3 3 2 3 2

0 0 0 0 0 0

2 1 8 12 6 1 8 12 6 1
n n n n n n

r r r r r r

r r r r r r r
− − − − − −

= = = = = =

+ = + + + = + + +       

M1 1.1b 

( ) ( )( ) ( )
2

2
8 1 12 1 2 1 6 1

4 6 2

n n n
n n n n n= + − + + + + −  

or 

( )
( )

( )
( )( )

( )
( )

2

21 1 1
8 12 2 1 6

4 6 2

n n n
n n n n n

− − −
= + − + +  

M1 

A1 

1.1b 

1.1b 

Multiplies out to achieve a correct intermediate line for example 
2 4 3 2 3 21 2 2 1 2 2 2 2n n n n n n n n n n n n  

4 3 2 3 2 22 4 2 4 6 2 3 3n n n n n n n n n  

leading to  

( )2 22 1n n= −  cso * 

A1 * 2.1 

 (5)  

(b) ( ) ( ) ( )
9 9 1

3 3 3

1 1

2 1 2 1 2 1
n n n

r n r r

r r r
+ + −

= = =

− = − − −                    

( ) ( )( ) ( ) ( )( )2 2 2 2
9 2 9 1 1 2 1 1 99800n n n n= + + − − − − − =  

or 

( ) ( ) ( )
10 10

3 3 3

1 1 1

2 1 2 1 2 1
n n n

r n r r

r r r
+ +

= + = =

− = − − −    

( ) ( )( ) ( ) ( )
2 2 2 210 2 10 1 2 1 99800n n n n= + + − − − =  

or 

( ) ( ) ( )
10

3 3 3

9 1 1

2 1 2 1 2 1
n n n

r n r r

r r r
−

= − = =

− = − − −    

( ) ( )( ) ( ) ( )( )2 2 2 2
2 1 10 2 10 1 99800n n n n= − − − − − =  

M1 3.1a 

3 280 960 5820 86760 0n n n+ + − =  

or 
3 280 1200 7980 79900 0n n n+ + − =  

or 
3 280 1200 7980 119700 0n n n− + − =  

A1 1.1b 

Solves cubic equation  dM1 1.1b 
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Achieves 6n =  and the smallest number as 11 

or 

Achieves 5n =  and the smallest number as 11 

or 

Achieves 15n =  and the smallest number as 11 

A1 2.3 

 (4)  

(9 marks) 

Notes: 

(a)  

M1: A complete attempt to find the sum of the cubes of n odd numbers using three of the standard 

summation formulae. 

M1: Expands ( )
3

1

2 1
n

r

r
=

− or ( )
1

3

0

2 1
n

r

r
−

=

+ and splits into fours appropriate sums. 

M1: Applies the result for at least three summations 
1 1 1 1

3 2

0 0 0 0

, , and 1
n n n n

r r r r

r r r
− − − −

= = = =

     or 

3 2

1 1 1 1

, , and 1
n n n n

r r r r

r r r
= = = =

     as appropriate to their expansion provided that there is an attempt at 

cubing some values.  

A1: Correct unsimplified expression. 

A1 *: Multiplies out to achieve a correct intermediate expression which clearly leads to the correct 

expression. cso 

Special case: If uses ( )
3

1

2 1
n

r

r
=

+ leading to ( ) ( )( ) ( )
2

2
8 1 12 1 2 1 6 1

4 6 2

n n n
n n n n n= + + + + + + + max 

score is M1 M0 M1 A1 A0 

(b) 

M1: Uses the answer to part (a) to find the sum of the cubes of the first N + 10 odd numbers minus 

the sum of the first N odd numbers and sets equal to 99800 or equivalent. 

A1: Correct simplified cubic equation. 

dM1: Uses their calculator to solve their cubic equation, dependent on previous method mark. 

A1: cao 
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Question Scheme Marks AOs 

4 

( )( )
2

..., ...
4 6 4 6

A B
A B

r r r r
 +  = =

+ + + +
 M1 3.1a 

( )( )
2 1 1

4 6 4 6r r r r
 −

+ + + +
 A1 1.1b 

( )( )
1 1

2 1 1

4 6 4 6

n n

r r

r r r r
= =

= −
+ + + +   

1 1 1 1 1 1
....

5 7 6 8 7 9
− + − + − +  

1 1 1 1 1 1

2 4 3 5 4 6n n n n n n
+ − + − + −

+ + + + + +
 

M1 2.1 

1 1 1 1

5 6 5 6n n
= + − −

+ +
 A1 2.2a 

( )( ) ( ) ( )

( )( )

11 5 6 30 6 30 51 1 1 1

5 6 5 6 30 5 6

n n n n

n n n n

+ + − + − +
= + − − =

+ + + +
 M1 1.1b 

( )

( )( )

11 61

30 5 6

n n

n n

+
=

+ +
 A1 1.1b 

 (6)  

(6 marks) 

Notes 

M1: Recognises the need to find partial fractions and applies a correct method leading to finding 

values for A and B 

Allow a slip when finding the constants 

A1: Correct partial fractions seen at any stage. Not just values for A and B listed 

 

Note: Proof by induction will not score the next 4 marks. 

M1: Starts the process of finding terms at the start and at the end, in order to establish the non-

cancelling terms 

Must have attempted a minimum of  1, 2, ... 1  and  r r r n r n= = = - =  ,this may be 

implied by their correct non-cancelling terms. 

Follow through on their values of A and B. Look for  

1r = ®  
5 7

A B
-                                      2r = ®  

6 8

A B
-        

1r n= - ®
3 5

A B

n n
-

+ +
                r n= ®

4 6

A B

n n
-

+ +
 

A1: Correct non-cancelling terms which may be listed separately. 

Correct fractions from the beginning and end that do not cancel stated. 

M1: Combines ‘their’ fractions of the form 
5 6

q r
p

n n
+ +

+ +
 over a correct common denominator 

which does not need to be the lowest common denominator and obtains a quadratic expression in 

the numerator. 
 
 

A1: Correct answer.  

Note: If they start with 0r = the maximum they can score is M1A1M0A0M1A0 
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Question Scheme Marks AOs 

3(a) ( )
1

2 2f ( ) 1x A x
−

 = −   ( )
3

2 2f ( ) 1x Bx x
−

 = −  and 

( ) ( )
( ) ( )

( )

3 1
2 2 22 23 5

2 2 22 2
3

2

1 1
f ( ) 1 1  or 

1

C x Dx x
x C x Dx x

x

− − − + −
 = − + −

−
 

M1 2.1 

( )
1

2 2

2

1
f ( ) 1  or 

1
x x

x

−

 = −
−

  ( )
( )

3
2 2

3
2 2

f ( ) 1  or 

1

x
x x x

x

−

 = −

−

 and 

( ) ( )
( ) ( )

( ) ( )

( )

3 5 2
2 2 22 2

3 5
2 22 2

3 1
2 2 22 2

3
2

1 3
f ( ) 1 3 1  or 

1 1

1 3 1
from quotient rule

1

x
x x x x

x x

x x x

x

− −

 = − + − +

− −

− + −

−

 

A1 1.1b 

Finds f (0),  f (0) , f (0) and f (0)  and applies the formula 

2 3

f ( ) f (0) f (0) f (0) f (0)
2 6

x x
x x  = + + +   

 f (0) 0, f (0) 1, f (0) 0, f (0) 1  = = = =  

M1 1.1b 

3

f ( )
6

x
x x= +  cso A1 1.1b 

 (4)  

(b) ( )
3

1
1 1 2

arcsin ...
2 2 6 6




 
= + =  = 

 
 M1 1.1b 

25

8
 =  o.e. A1ft 2.2b 

 (2)  

(6 marks) 

Notes: 

(a) 

M1: Finds the correct form of the first three derivatives, may be unsimplified – the third may come 

later. 

A1: Correct first three derivatives, may be unsimplified – the third may come later. 

M1: Finds f (0), f (0) , f (0) and f (0)  and applies to the correct formula, needs to go up to x3. 

A1: 

3

6

x
x + cso ignore any higher terms whether correct or not 

Special case: If they think that their f (0) 0  then maximum score M1 A0 M1 A0 

M1 for correct form of the first two derivatives 

M1 Correctly uses their f (0), f (0) , f (0)  and applies to the correct formula 
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Note: If candidates do not find the first three derivatives but use

f (0) 0, f (0) 1, f (0) 0, f (0) 1  = = = = and use these correctly in the formula this can score M0 

A0 M1 A0 

(b) 

M1: Substitutes 
1

2
x =  into both sides and rearranges to find ... =   

A1ft: Infers that 
25

8
 = o.e. Follow through their 

1
6f

2

 
 
 
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Question Scheme Marks AOs 

2(a) 

( ) ( )

( )
2

3
d

6 36

d 6

x

x xx

x x

− 
  − + − −+  =

+
 

M1 

A1 

3.1a 

1.1b 

( ) ( )
( )

1

2 2

3 1 9
f tanh f

6 63
1

6

x
x x

x xx

x

− − − 
=  =  

+  +− 
−  

+ 

 
dM1 3.1a 

( )

( )

2

22 2

6 9 9 1
*

36 12 9 6 18 27 2 36

x

x x x x x xx

+ − − −
=  = =

+ + − + − + ++
 A1* 2.1 

 (4)  

 Alternative 1 for part (a)   

( ) ( )

( )
2

3
d

6 36

d 6

x

x xx

x x

− 
  − + − −+  =

+
 

M1 

A1 

3.1a 

1.1b 

( )
1 2

2

3 3 d 9
tanh tanh sech

6 6 d 6

x x y
y y y

x x x x

− − − − 
=  =  = 

+ +  +
 

( ) ( )
2 2 22

d 1 9 1 9

d 1 tanh 6 63
1

6

y

x y x xx

x

− −
=  = 

− + +− 
−  

+ 

 
dM1 3.1a 

( )

( )

2

22 2

6 9 9 1
*

36 12 9 6 18 27 2 36

x

x x x x x xx

+ − − −
=  = =

+ + − + − + ++
 A1* 2.1 

 (4)  

 Alternative 2 for part (a)   

( ) 1

3
1

3 1 1 96f tanh ln ln
36 2 2 3 2

1
6

x

x xx
xx x

x

−

− 
+ −   += = =    −+ +    −

+ 

 
M1 

A1 

3.1a 

1.1b 

( ) ( )
( )

1

2

3 1 3 2 18
f tanh f

6 2 9 3 2

x x
x x

x x

− − + − 
=  =   

+  +
 dM1 3.1a 

1
*

2 3x

−
=

+
 A1* 1.1b 

 (4)  

Alternative 3 for part (a)   

( )
3

tanh f
6

x
y x

x

− 
= =  

+ 


e e

e e

y y

y y

−

−

−

+
 = 

3

6

x

x

−

+
or 

2

2

e 1

e 1

y

y

−

+
= 

3

6

x

x

−

+
 

2e y  = 
9

2 3x +
 

M1 

A1 

3.1a 

1.1b 

 
1 9

ln
2 2 3

y
x

 
=  

+ 
 ( ) 2

1 2 3 18
f

2 9 (2 3)

x
x

x

+ −
 =  

+
 dM1 3.1a 

= 
1

*
2 3x

−

+
 A1 1.1b 

 (4)  
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Notes 

(a) Do not allow misreads of tanx for tanhx in this question; this would be a maximum of 

M1A1 for part (a) 

M1: Attempts to use the quotient (or product) rule on 
3

6

x

x

−

+
 to obtain an expression of the form  

2

(6 ) (3 )
, 0

(6 )

A x B x
B

x

+ − −


+
       or      

2 1(3 )(6 ) (6 )C x x D x− −− + + +  

Alternatively, candidates may also write 
3

6

x

x

−

+
as 

9
1

6 x
− +

+
 and then differentiate to find an 

expression of the form 
2(6 )

E

x+
which may be seen embedded in their working. 

They may also write 
3

6

x

x

−

+
 as 

3

6 6

x

x x
−

+ +
  and then differentiate to find an expression of the 

form 
2(6 )

E

x+
oe 

A1: Correct expression in any form.  

 

dM1: A complete method to find the derivative using the chain rule to obtain 

( )
2 2

1 9
their

63
1

6

xx

x

 −
  
 +−   −  

+ 

 

This is dependent on the first M mark. 

 

A1*: Reaches the printed answer with sufficient working and no errors, with at least one 

intermediate line. 

 

Alternative 1: 

M1: see main scheme 

A1: see main scheme 

 

dM1: A complete method to find the derivative using the chain rule: 

Rearranges the equation and uses implicit differentiation. Must proceed from 2sech y  or 

equivalent to 21 tanh y− and then substitute for tanh y  

This is dependent on the first M mark. 

A1*: see main scheme 

 

Alternative 2: 

M1: Uses the logarithmic form of artanh to obtain 

3
1

6ln
3

1
6

x

xk
x

x

− 
+ +

 
−

 −
+ 

 

A1: Correct simplified expression 

 

dM1: A complete method to find the derivative to obtain 

( )
2

9 9
f 1 their their

3 2 3 2
x k

x x

    
 =       

+ +    
  

Alternatively uses log rules to partition their expression and then differentiates each term. 

This is dependent on the first M mark. 
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A1*: Reaches the printed answer with sufficient working and no errors. 

Alternative 3: 

M1: Takes tanh of both sides to obtain tanhy in terms of x and expresses tanhy correctly in terms 

of exponentials and makes 2e y  the subject.  

A1: A correct expression for 2e y  

 

dM1: Rearranges their function to the form ln
a

k
bx c

 
 

+ 
 and uses the chain rule to find a 

derivative of the form ( )
( )

2

1
f

2

bx c k
x

a bx c

+
 =  

+
 or uses log rules to partition their expression 

and then differentiates each term. 

This is dependent on the first M mark. 

 

A1*: Reaches the printed answer with sufficient working and no errors 

 

 

(b) 
( )

( )
2

2
f

2 3
x

x
 =  

+
 B1 1.1b 

 (1)  

(c) 
( ) ( ) ( )1 1 1 1 2

f 0 tanh ln 3 , f 0 , f 0
2 2 3 9

−   
 = = = − =  

  
 M1 1.1b 

( ) ( ) ( ) ( )
2

f f 0 f 0 f 0
2

x
x x  = + +    M1 1.1b 

 
21 1

ln 3
3 9

x x= − +  A1 1.1b 

 (3)  

(8 marks) 

Notes 

(b) 

B1: Correct second derivative in any form such as e.g. 
( )2

2

4 12 9x x+ +
or ( )

2
2 2 3x

−
+  

(c) 

M1: Attempts at least two of the values of f(0), f′(0) and f′′(0)  

M1: Correct application of the Maclaurin series for all of ( ) ( ) ( )f 0 , f 0  and f 0   where all are 

non-zero values. Substitutes their values into a correct expression. This mark is not dependent. 

 

A1: Correct expansion.  

Award if written as a single expression, or p, q and r written separately. 

Ignore any extra terms written as powers of 3x  and above, isw when a correct answer is seen. 
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Question Scheme Marks AOs 

9(a)(i) 
𝑑𝑦

𝑑𝑥
=. . . 𝑐𝑜𝑠ℎ𝑛 − 1 𝑥 𝑠𝑖𝑛ℎ 𝑥    

𝑑2𝑦

𝑑𝑥2
=. . . 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 𝑠𝑖𝑛ℎ2 𝑥 +. . . 𝑐𝑜𝑠ℎ𝑛−1  𝑥 𝑐𝑜𝑠ℎ 𝑥 

Alternatively 

𝑦 = (
𝑒𝑥+𝑒−𝑥

2
)
𝑛

 leading to 
𝑑𝑦

𝑑𝑥
=. . . (

𝑒𝑥+𝑒−𝑥

2
)
𝑛−1

(
𝑒𝑥−𝑒−𝑥

2
) 

𝑑2𝑦

𝑑𝑥2
=. . . (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

+. . . (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛

 

M1 1.1b 

𝑑𝑦

𝑑𝑥
= 𝑛 𝑐𝑜𝑠ℎ𝑛 − 1 𝑥 𝑠𝑖𝑛ℎ 𝑥 

𝑑2𝑦

𝑑𝑥2
= 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛−2 𝑥 𝑠𝑖𝑛ℎ2 𝑥 + 𝑛 𝑐𝑜𝑠ℎ𝑛 𝑥 

Alternatively 

𝑑𝑦

𝑑𝑥
= 𝑛 (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−1

(
𝑒𝑥 − 𝑒−𝑥

2
) 

𝑑2𝑦

𝑑𝑥2
= 𝑛(𝑛 − 1) (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

+ 𝑛 (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛

 

A1 2.1 

𝑑2𝑦

𝑑𝑥2
= 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 (𝑐𝑜𝑠ℎ2 𝑥 − 1) + 𝑛 𝑐𝑜𝑠ℎ𝑛  𝑥 M1 2.1 

𝑑2𝑦

𝑑𝑥2
= 𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥* cso A1* 1.1b 

 (4)  

(a)(ii) 𝑑3𝑦

𝑑𝑥3
=. . . 𝑐𝑜𝑠ℎ𝑛 − 1 𝑥 𝑠𝑖𝑛ℎ 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 3 𝑥 𝑠𝑖𝑛ℎ 𝑥 

𝑑4𝑦

𝑑𝑥4

=. . . 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 𝑠𝑖𝑛ℎ2 𝑥 +. . . 𝑐𝑜𝑠ℎ𝑛  𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 𝑠𝑖𝑛ℎ2 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

M1 1.1b 

𝑑3𝑦

𝑑𝑥3
= 𝑛3 𝑐𝑜𝑠ℎ𝑛 − 1 𝑥 𝑠𝑖𝑛ℎ 𝑥 − 𝑛(𝑛 − 1)(𝑛 − 2) 𝑐𝑜𝑠ℎ𝑛 − 3 𝑥 𝑠𝑖𝑛ℎ 𝑥 

𝑑4𝑦

𝑑𝑥4
= 𝑛3(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 𝑠𝑖𝑛ℎ2 𝑥 + 𝑛3 𝑐𝑜𝑠ℎ𝑛  𝑥 

−𝑛(𝑛 − 1)(𝑛 − 2)(𝑛 − 3) 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 𝑠𝑖𝑛ℎ2 𝑥 − 𝑛(𝑛 − 1)(𝑛

− 2) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

A1 1.1b 

 

 (2)  

Alternative 1 

 using 
𝑑2𝑦

𝑑𝑥2
= 𝑛2𝑦 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

leading to 
𝑑3𝑦

𝑑𝑥3
= 𝑛2

𝑑𝑦

𝑑𝑥
−. . . 𝑐𝑜𝑠ℎ𝑛 − 3 𝑥 𝑠𝑖𝑛ℎ 𝑥 

𝑑4𝑦

𝑑𝑥4
= 𝑛2

𝑑2𝑦

𝑑𝑥2
−. . . 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 𝑠𝑖𝑛ℎ2 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

M1 1.1b 
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𝑑3𝑦

𝑑𝑥3
= 𝑛2

𝑑𝑦

𝑑𝑥
− 𝑛(𝑛 − 1)(𝑛 − 2) 𝑐𝑜𝑠ℎ𝑛 − 3 𝑥 𝑠𝑖𝑛ℎ 𝑥 

𝑑4𝑦

𝑑𝑥4
= 𝑛2

𝑑2𝑦

𝑑𝑥2
− 𝑛(𝑛 − 1)(𝑛 − 2)(𝑛 − 3) 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 𝑠𝑖𝑛ℎ2 𝑥 

                                                             − 𝑛(𝑛 − 1)(𝑛 − 2) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

A1 1.1b 

 (2)  

 

Alternative 2 

𝑦 = 𝑐𝑜𝑠ℎ𝑛 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2
= 𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

𝑦 = 𝑐𝑜𝑠ℎ𝑛−2 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2
=. . . 𝑐𝑜𝑠ℎ𝑛−2 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 

𝑑4𝑦

𝑑𝑥4
= 𝑛2[𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥] 

                                                    − 𝑛(𝑛

− 1)[. . . 𝑐𝑜𝑠ℎ𝑛−2 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥] 

M1 1.1b 

 

𝑦 = 𝑐𝑜𝑠ℎ𝑛 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2
= 𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

𝑦 = 𝑐𝑜𝑠ℎ𝑛−2 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2

= (𝑛 − 2)2 𝑐𝑜𝑠ℎ𝑛−2 𝑥 − (𝑛 − 2)(𝑛 − 3) 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 

𝑑4𝑦

𝑑𝑥4
= 𝑛2[𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥] 

                      − 𝑛(𝑛

− 1)[(𝑛 − 2)2 𝑐𝑜𝑠ℎ𝑛−2 𝑥 − (𝑛 − 2)(𝑛

− 3) 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥] 

A1 1.1b 

 

 (2)  

Alternative 3 

Using 
𝑑2𝑦

𝑑𝑥2
= 𝑛2 (

𝑒𝑥+𝑒−𝑥

2
)
𝑛

− 𝑛(𝑛 − 1) (
𝑒𝑥+𝑒−𝑥

2
)
𝑛−2

leading to  

𝑑3𝑦

𝑑𝑥3

=. . . (
𝑒𝑥 + 𝑒−𝑥

2
)

𝑛−1

(
𝑒𝑥 − 𝑒−𝑥

2
)−. . . (

𝑒𝑥 + 𝑒−𝑥

2
)

𝑛−3

(
𝑒𝑥 − 𝑒−𝑥

2
) 

𝑑4𝑦

𝑑𝑥4
=. . . (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

+. . . (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

 

                                      

−. . . (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−4

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

−. . . (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

 

M1 1.1b 

𝑑3𝑦

𝑑𝑥3
= 𝑛3 (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−1

(
𝑒𝑥 − 𝑒−𝑥

2
) − 𝑛(𝑛 − 1)(𝑛

− 2) (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−3

(
𝑒𝑥 − 𝑒−𝑥

2
) 

A1 1.1b 
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𝑑4𝑦

𝑑𝑥4
= 𝑛3(𝑛 − 1) (

𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

+ 𝑛3 (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

 

−𝑛(𝑛 − 1)(𝑛 − 2)(𝑛 − 3) (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−4

(
𝑒𝑥 − 𝑒−𝑥

2
)
2

− 𝑛(𝑛

− 1)(𝑛 − 2) (
𝑒𝑥 + 𝑒−𝑥

2
)
𝑛−2

 

 

 

 (2)  

(b) When 𝑥 =  0 

 𝑦 = 1,    𝑦' = 0 ,    𝑦'' =  𝑛2 − 𝑛(𝑛 − 1),    𝑦(3) =  0,     
𝑦(4) = 𝑛3 − 𝑛(𝑛 − 1)(𝑛 − 2) 

Uses their values in the expansion𝑦 = 𝑦(0) + 𝑥𝑦'(0) +
𝑥2

2!
𝑦''(0) +

𝑥3

3!
𝑦(3)(0) +

𝑥4

4!
𝑦(4)(0)+. .. 

M1 1.1b 

𝑦 = 1 +
𝑛𝑥2

2
+
(3𝑛2−2𝑛)𝑥4

24
+. .. cso A1 2.5 

 (2)  

(8 marks) 

Notes: 

(a)(i) 

M1: Uses the chain rule and product rule to find the first and second derivatives which must be of 

the required form, condone sign slips 

Alternatively uses the exponential definition and uses the chain rule and product rule to find the first 

and second derivatives which must be of the required form. 

A1: Correct unsimplified first and second derivatives, may be in exponential form. 

M1: Uses the identity ±𝑐𝑜𝑠ℎ2 𝑥 ± 𝑠𝑖𝑛ℎ2 𝑥 = 1 

A1*: Achieves the printed answer with no errors or omissions e.g. missing x’s 

(a)(ii) 

M1: Uses the chain rule and product rule to find the third and fourth derivatives which must be of 

the required form, condone sign slips 

A1: Correct fourth derivative, does not need to be simplified ISW 

 

Alternative 1 

M1: Using 
𝑑2𝑦

𝑑𝑥2
= 𝑛2𝑦 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 to find the third and fourth derivatives which must be 

of the required form, condone sign slips 

A1: Correct fourth derivative, does not need to be simplified ISW 

 

Alternative 2 

M1: Using𝑦 = 𝑐𝑜𝑠ℎ𝑛 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2
= 𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥 

𝑦 = 𝑐𝑜𝑠ℎ𝑛−2 𝑥 ⇒
𝑑2𝑦

𝑑𝑥2
=. . . 𝑐𝑜𝑠ℎ𝑛−2 𝑥 −. . . 𝑐𝑜𝑠ℎ𝑛 − 4 𝑥 leading to 
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𝑑4𝑦

𝑑𝑥4
= 𝑛2[𝑛2 𝑐𝑜𝑠ℎ𝑛 𝑥 − 𝑛(𝑛 − 1) 𝑐𝑜𝑠ℎ𝑛 − 2 𝑥] − 𝑛(𝑛 − 1) [their

𝑑(𝑐𝑜𝑠ℎ𝑛−2 𝑥)

𝑑𝑥
] 

 A1: Correct fourth derivative, does not need to be simplified ISW 

 

Alternative 3 

M1: Uses the exponential definition and uses the chain rule and product rule to find the third and 

fourth derivatives which must be of the required form. 

 A1: Correct fourth derivative, does not need to be simplified ISW 

(b) 

M1: Attempts the evaluation of all four of their derivatives at x = 0 and applies the Maclaurin 

formula with their values. Note that𝑦(1)(0) = 0 and𝑦(3)(0) = 0may be implied as they will 

have a multiple of sinh0. If their 𝑦(3)(0) ≠ 0 they allow this mark for their first 3 non-zero 

terms 

A1: Correct simplified expansion from correct derivatives cso 
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Question Scheme Marks AOs 

8(a) d sin sinh cos cosh
d
y A x x B x x
x
      M1 1.1b 

d sin sinh cos cosh
d
y x x x x
x
  and 

2

2

d 2sin cosh
d

y x x
x

  A1 1.1b 

2

2

d sin cosh
d

y C x x
x

     
3

3

d cos cosh sin sinh
d

y D x x E x x
x

   

4

4

d cos sinh
d

y F x x
x

  (unsimplified) 

M1 2.1 

3

3

d 2cos cosh 2sin sinh
d

y x x x x
x

   and 
4

4

d 4cos sinh
d

y x x
x

  A1 1.1b 

4

4

d 4
d

y y
x

  A1 2.1 

 (5)  

(b) 5

5

d d" 4"
d d

y y
x x

   or 
5

5

d "4"cos cosh "4"sin sinh
d

y x x x x
x

   or 
(5) " 4" their 'y y= − ×  

B1ft 2.2a 

When  0x =  
(3( ) ) 5)4 (0,   ' 1,   '' 0,   2,   0,   4y y y y y y= = = = − = = −  

Uses their values in the expansion
2 3 4

(3) (4) (5)
5

(0) (0) (0) ...(
4! 5!

(0) ' 0) ''(0)
2! 3!
x xy y xy x xy yy y= + + ++ + +  

M1 1.1b 

 
3 5

...
3 30
x xy x      A1 2.5 

 (3)  

(8 marks) 

Notes: 

(a) 
M1: Uses the product rule to find the correct form for at least the first derivative. 
A1: Achieves correct first and second derivatives. Need not be simplified. 
M1: Uses the product rule to find the correct form for the second, third and fourth derivatives. 
A1: Correct (unsimplified) expressions for the third and fourth derivatives. 
A1: Correct fourth derivative in terms of y from correct work. Note do not accept just k = 4− , we 

must see the 
4

4
d
d

4y
x

y= −  

  

PMT



MARK SCHEME  ·  Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q8 ‹  QUESTION4.5  Maclaurin Series

49

(b) 
B1ft: Correct fifth derivative or value for the fifth derivative deduced following through on their k 

from part (a). If they have stated y’ incorrectly allow for (5) " 4" their 'y y= − ×  provided their y’ 
is non-zero 

M1: Attempts the evaluation of all the derivatives at x = 0 and applies the Maclaurin formula 
correctly with their values to achieve at least three non-zero terms. 

A1: Correct simplified expansion. Accept with f(x) = … or with nothing before – mark the 
expression. Accept as a list of terms. 

8(a) 
Alt 

cos sinh
' sin ' cosh
'' cos '' sinh
''' sin ''' cosh

cos sinhiv iv

u x v x
u x v x
u x v x
u x v x
u x v x

= =
= − =
= − =
= =

= =

 M1 
A1 

1.1b 
1.1b 

4

4 .d 4 ' ''' 6 ' ' .' '' 4 '
d

.' 'iv ivy uv u v u v u v u
x

v      M1 2.1 

cos sinh 4sin cosh 6cos sinh 4sin cosh cos sinhx x x x x x x x x x= − − + +  A1 1.1b 

 
4

4

d 4cos sinh 4
d

y x x y
x

      A1 2.1 

 (5)  

There may be attempts via Leibnitz theorem. 
M1: Attempts first four derivatives for each of cos x and sinh x  
A1: Correct derivatives. 
M1: Applies Leibnitz theorem correctly with their derivatives. 
A1: Correct unsimplified expression. 
A1: Correct fourth derivative in terms of y. 
There may be rare cases where exponential forms are used in part (a). For reference here are the 
derivatives they should get. 

( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( )

( )

3

3

4

2

2

4

e e

1 1e e e e e e
2 2

d 1 1 1n

1 cos
2

d 1 1cos sin cos sin cos sin
d 2 2

sin cos sin si cos cos sin sin cos

sin cos

1e e e e e e
d 2 2 2 2
d e e e e
d
d e e
d

x x

x x x x x x

x x x x x x

x x x x

x x

y x

y x x x x x x
x

xy x x x x x x x x

x
x

x

x
y

y
x

−

− − −

− − −

− −

−

= −

= + − − = − + +

 − + = −

=

+ − − − + + − +  

− − − +

− +

=

= ( ) ( ) ( ) ( )sin cos co ce e s sin 2 os 4se inh coe e e se ex x x x x x x xx x x x x x x− − − −− − − − + + = − − = −

 

NB Some are misreading the function as cosh sinhy x x=  or cos siny x x= . These can be 
score method marks as long as work is equivalent (ie via product rule), but reduction of the 
problem to triviality via an identity is less demand and so will score M0. Allow SC A1 for the 
first A if the equivalent form is reached via the misread to that shown in the scheme. 

PMT
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Question Scheme Marks AOs 

2(a) 
2 3

e =1
2! 3!

x x x
x+ + +  or 

2 3

e =1
2 6

x x x
x+ + +  B1 1.1b 

 (1)  

(b) 

Version 1 
( )

2 3

e 1 1 ... 1
2! 3!e e

x
x x

x− + + + + −
=  

 

or 

Version 2 
( ) ( )

( ) ( )
2 3

e 1 1 1
1 1 ...

e e
e

! 3!
e

2

x
x x

x− − −
= + − + + +  

M1 1.1b 

Version 1.1 

( )
2

2 3 2
31 1

1 ... ... ...
2! 3! 2 2! 6

x x x
x x x

   
= + + + + + + + + +   

   
 

Or 

Version 1.2 

322 3

622 6e e e e

xx

x

x x
x + +

 =  

2 3 2 3

1 1 ... 1 ...
2 6 2 6

x x x x
x

   
= + + + + + + +   
   

 

Or 

 

Version 2.1

( )
( ) ( )

( ) ( )

2

2 3

2

3

2 3

32 1 3 +3 1
1 1 ...

2 6

1 1 1

3 6 2

3 3

e e e e e
e

e e

1 1 1
1 3 1

3 6 2 6 2 2 6

x x x x x

x

x x

x x x x
x x

− + − −
= + − + + +

= + +

   
 = + + + + + + + + 
    

 

Or 

Version 2.2 

( )
( ) ( )2 3 2

.
e e e2 1 3 +3 1

1 1 ..
2 6

e e
e

x x x x x

x
− + − −

= + − + + +  

M1 3.1a 
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( ) ( )

( ) ( ) ( ) ( )

2 32 3 2 3

2 3 2 3 2 3

2 21
1 1 2 2 1 1

2 6 2 2 6 2 6

3 3 2 21
+ 1 3 3 1 2 3 1 1

6 2 6 2 6 2 6

x xx x x x
x x x

x x x x x x
x x x

     
  = + + + + + + + − + + + +   
       

      
    + + + − + + + + + + + − 
         

 

2 31 1 1 1
1 ...

2

1

2 6

1
2

2 62
x x x

   
= + + + + + +   

 



 +


 dM1 1.1b 

2 35
1 ...

6
x x x= + + + +  

A1 

A1 

1.1b 

2.1 

 (5)  

(6 marks) 

Notes: 

(a)  

B1: Correct series (ignore terms beyond x3). 

(b) 

M1: Correctly applies the exponential Maclaurin expansion at least once, either to the base exponent or in the 

index. Allow 2 for 2! and 6 for 3! in the cube term. Follow through on their series seen in (a) 

M1: A complete attempt to use the exponential Maclaurin series to produce a cubic expression in terms of x 

only. Allow if the 3! is incorrect for this mark, but a polynomial in x must have been achieved. Condone a slip 

with one term. Follow through on their series seen in (a) 

dM1: Dependent on previous method mark only. Expands the brackets and gathers terms (not necessarily 

fully simplified, but should have a single term for each power). 

A1: Any two correct from coefficients of x, x2 and x3, need not be simplified. 

A1: Fully correct answer with simplified terms. 

NB: Question instructs to use standard Maclaurin series, so use of differentiation scores no mark. 

Special case: Using 
( )e 1 e 1e e e

x x− −=   can score M1M1M0A0A0 for using Maclaurin series 
ee

x

 and then 

on 
2 3e , e , ex x x

 

 

  


