

GCE (2017)

A level Mathematics

93 modelling problems
Mark schemes 

(including from the AS and A level Pure Mathematics 1 & 2 SAMs, specimen papers, mock papers, past examination papers up until June 2022)

1. Specimen Paper A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	3 (a)
	
 
	B1
	3.3

	
	
	(1)
	

	(b)
	

	M1
	3.4

	
	
 minutes (1 dp)
	A1
	1.1b

	
	
	(2)
	

	(c)
	A valid evaluation of the model, which relates to the large values of t.  
E.g.
· 
As  then the model is not true for large values of t
· 

 does not have any solutions and so the model predicts that tea in the room will never be  So the model does not work for large values of t
· t = 120    θ = 25 + 50e −0.03(120) = 26.36… which is not approximately equal to 20.3, so the model is not true for large values of t
	B1
	3.5a

	
	
	(1)
	

	(4 marks)





2. C3 June 2009

	3.   (a)
	
  
	

	
	

	B1          (1)

	(b)
	

	M1

	
	

	

	
	

	A1          (2)

	(c)
	

	M1 A1   (2)

	(d)
	

	

	
	

	M1

	
	

    or  
	M1

	
	

	A1          (3)

	
	
	(8 marks)




3. P2 June 2002

	3.         (a)
	0, 29.05, 33.46
	B1 B1 B1   (3)

	(b)
	When t = 24.5,  v = 33.76.   Slower at t = 25
	B1              (1)

	            (c)
	
s = (5)[2 (1.56 + 7.23 + 17.36 + 29.05) + 33.46]
	M1 A1 A1ft

	
	   = 359.65     (359.7,  360)
	A1              (4)

	
	
	(8 marks)





4. P1 June 2003

	3.     (a)(i)
		a + (n  1)d = 280 + (35  5) = 455		
	M1 A1

	(ii)
	
	n [2a + (n  1)d ] = 18 [560 + (35  5)] = 13 230		
	M1 A1 ft

	(b)
		18 [560 + (35  d)]	 = 17 000			
	M1 A1

	
	
	d = 10.98…	x = 11 (allow 11.0 or 10.98 or 10.99 or 10)
	M1 A1

	
	
	(8 marks)




5. C3 June 2018

	Question Number
	Scheme
	Marks   

	3(a)
	
 
	B1

	
	
	(1)

	 (b)
	
Sub  
	M1

	
	
                                   oe
	A1

	
	
                                  
	dM1, A1*

	
	
	(4)

	(c)
	
Sub 
	M1

	
	

                                                            
	A1

	
	
                                                                          
	M1 A1

	
	
	(4)

	
	                                      
	(9 marks)





6. P1 November 2002

	3.          (i)
	Divide:   1 + 2x1
	M1 A1

	
	
Differentiate:      6x2 +   2x2
	M1 A2 (1,0)  (5)

	            (ii)
	

	M1 A1A1

	
	
[ ]4  [ ]1 = 
	M1 A1          (5)

	
	
	(10 marks)





7. May 2019 AS Pure Mathematics Paper 1

[image: ]


8. C4 June 2016

	Question Number
	Scheme
	Marks

	4.    (a)

	
                 
	B1 

	
	
                
	M1 A1

	
	
 



 or  
	


A1 cso

	
	
	

	
	
	[4]

	(b)
	

  or  
	M1

	
	
            

       
	dM1

	
	

	A1 cso

	
	
	[3]

	
	
	7 marks



9. C3 June 2015

	
	
	
	

	
	4(a)
	
 
	B1
(1)

	
	(b)
	
Sub  
	

	
	
	
                                    
	M1A1

	
	
	
                                      
	M1A1

	
	
	
	(4)

	
	(c)
	
  
	M1

	
	
	
                     
	A1

	
	
	
	(2)

	
	
	                                      
	(7 marks)



10. C3 January 2011

[image: ]



11. C3 June 2019

[image: ]


12. P2 January 2002

[image: ]

13. P2 January 2003

	5.       (a)
	Distance from one side (m)
0
2
4
6
8
10
Height (m)
0
6.13
7.80
7.80
6.13
0



	

	
	“y” = 7.80 when “x” = 4 or 6
	B1

	
	Symmetry
	B1 ft                (2)

	(b)
	
Estimate area = [0 + 2(6.13 + 7.80 + 7.80 + 6.13)]
	B1 M1 A1ft

	
	                       = 55.7 m2
	A1                   (4)

	(c)
	140 – (b)        = 84.3 m2 
	A1 ft                 (1)

	(d)
	Over-estimate; 
	B1

	
	reason, e.g. area under curve is under-estimate (due to curvature)
	B1                   (2)

	
	
	(9 marks)




14. P1 January 2003


5.	(a)	 							  M1 A1	

									  M1
		v3 = 8 000		v = 20					  		  M1 A1

	(b)	 							  M1
> 0,  therefore minimum						  	  A1

	(c)	v = 20 : C = 						  B1ft
		Cost = 250  12 = £30							  M1 A1

15. Specimen Paper A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	6 (a)
	Attempts to use an appropriate model; 

e.g.  
	M1
	3.3

	
	
e.g. 


Substitutes   
	M1
	3.1b

	
	


   or     
	A1
	1.1b

	
	
	(3)
	

	(b)
	

Substitutes  into their 
	M1
	3.4

	
	
 Coach can enter the tunnel
	A1
	2.2b

	
	
	(2)
	

	(b)
Alt 1
	

 so maximum width 
	M1
	3.4

	
	

    Coach can enter the tunnel
	A1
	2.2b

	
	
	(2)
	

	(c)
	E.g.
· Coach needs to enter through the centre of the tunnel.  This will only be possible if it is a one-way tunnel
· In real-life the road may be cambered (and not horizontal)
· The quadratic curve BCA is modelled for the entrance to the tunnel but we do not know if this curve is valid throughout the entire length of the tunnel 
· There may be overhead lights in the tunnel which may block the path of the coach
	B1
	3.5b

	
	
	(1)
	

	(6 marks)





16. SAMS A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	6 (a)(i)
	
 barrels
	B1
	3.4

	(ii)
	Gives a valid limitation, for example
· The model shows that the daily volume of oil extracted would become negative as t increases, which is impossible
· 
States when  which is impossible
· 
States that the model will only work for  
	B1
	3.5b

	
	
	(2)
	

	(b)(i)
	
Suggests a suitable exponential model, for example 
	M1
	3.3

	
	


        Uses  and in 
	dM1
	3.1b

	
	
                                                         
	M1
	1.1b

	
	

			  or  
	A1
	1.1b

	(ii)
	
Uses their exponential model with barrels
	B1ft
	3.4

	
	
	(5)
	

	(7 marks)




17. June 2019 A level Pure Mathematics Paper 2

[image: ]


18. IAL C34 June 2015

	Question Number
	Scheme
	Marks   

	6(a)
	[image: ]   or equivalent decimal - Accept  awrt 68
	B1

	
	
	(1)

	  (b)
	[image: ]
	M1

	
	Way 1     [image: ]       
	 Way 2     [image: ] 
	Way 3    [image: ]
	A1

	
	   [image: ]                                                
	           -[image: ]  
	          [image: ]
	 M1

	
	   [image: ]                                                    
	       k [image: ] 
	No intermediate step needed
	

	
	                                             [image: ]    *             
	A1*

	
	
	(4)

	
	
	

	(c)
	 Uses m = 20 and their numerical k  so  [image: ] o.e.
	M1

	
	                                                                  [image: ]
	dM1

	
	                                                                    [image: ]
	A1

	
	
	(3)

	
	
	

	
	
	(8 marks)

	
	
	



19. P2 June 2001

[image: ]

20. C4 June 2013
	Question Number
	Scheme
	
	Marks

	6. 
	
   
	
	

	(a)
	

            or  
	
	B1 

	
	

          or     
	
	M1 A1;
M1 A1

	
	


	
	M1

	
	

	
	

	
	then either...
	or...
	
	

	
	

	

	
	

	
	

	

	
	

	
	

	

	
	dddM1

	
	

	

	
	
A1 *

	
	
                      leading to   
	
	

	
	
	(8)

	(b)
	

  
	
	M1

	
	




	
Uses correct order of operations by moving from 


to give and , 

where 
	

dM1

	
	

	
	

	
	
=  161 (s)  (nearest second)
	awrt 161
	A1

	
	
	
	(3)

	
	
	
	[11]




21. Specimen Paper A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	7(a)
	
 
	B1
	3.3

	
	

	M1
	1.1b

	
	
 
	A1
	1.1b

	
	

  *
	A1 *
	2.1

	
	
	(4)
	

	(b)
	
 and evidence of understanding that either 
· 

· 

vertical intercept  or  
	M1
	2.1

	
	
 
	A1
	1.1b

	
	
vertical intercept  
	A1
	1.1b

	
	
	(3)
	

	(c)
	e.g.
· 
 
· 

	B1
	2.2a

	
	

  which can be implied by 
	B1
	1.1b

	
	
	(2)
	

	(d)(i)
	
Initial area (i.e. ) of bacterial culture that was first placed onto the circular dish.
	B1
	3.4

	(d)(ii)
	E.g.
· Rate of increase per hour of the area of bacterial culture
· The area of bacterial culture increases by “15%” each hour
	B1
	3.4

	
	
	(2)
	

	(e)



	The model predicts that the area of the bacteria culture will increase indefinitely, but the size of the circular dish will be a constraint on this area.
	B1
	3.5b

	
	
	(1)
	

	(12 marks)





22. June 2019 A level Pure Mathematics Paper 1

[image: ]


23. June 2019 A level Pure Mathematics Paper 2

[image: ]

24. C4(R) June 2014

	Question Number
	Scheme
	    
	Marks

	7. 
	
   
	
	

	(a)
	
             
	
	B1 

	
	
       
	
	M1 A1; A1

	
	then eg either...
	or...
	
	

	
	

	

	
	

	
	

	

	
	

	
	

	

	
	

	
	
leading to     with no incorrect working/statements.  
	A1 *  cso

	
	
	[5]

	(b)
	

  
	
	B1

	
	
So                         


and         or  
	
	

	
	
 Eg.          
	
	M1

	
	
              So 
	
	

	
	

	
	A1

	
	

	
	A1

	
	
	
	[4]

	(c)
	


	
	

	
	
(fish) (nearest 100)
	
	B1

	
	
	
	[1]

	
	
	
	10






25. P3 May 2002

	Question number
	Scheme
	Marks


	
7.         (a)






(b)








(c)



	











	

B1

M1

A1
(3)
B1
M1,



A1

M1;A1
(5)
M1

A1
A1
(3)





26. C4 June 2015
	Question Number
	Scheme
	    
	Marks

	7. (a)
	

	
	

	
	

	
	M1

	
	

	
	A1

	
	
giving    
	
	A1  

	
	
	
	[3]

	(b)
	

	
	

	
	

	
	B1  oe

	
	
     
	
	M1

	
	
	
	A1

	
	


       
	
	M1

	
	
          
	
	

	
	
          
	
	

	
	
                 
	
	M1

	
	
            

gives   

                  *
	
	dM1

	
	
	
	A1 * cso

	
	                                                 
	
	[7]

	(c)
	


	
	M1

	
	

	
	M1

	
	
                 
	
	A1

	
	
	
	[3]

	
	
	
	13





27. P3 June 2004

	7.         (a)
	
A = r2 ,  = 4e–t
	B1, B1

	
	


= 2r ,   = 2 × 4(1 – e–t) × 4e–t
	M1, M1

	
	
                              = 32( e–t – e–2t)
	A1cso         (5)

	(b)
	

=                                                                               Separation
	M1

	
	

=  (+ c)
	M1, A1

	
	–2 = –1 + c                                                                                      Use of (1, 1)
	M1

	
	  c = –1
	A1

	
	




So   2A=  + 1                =                         Attempt = or A =
	M1

	
	
i.e.               A = 
	A1              (7)

	(c)
	
Because < 1     or     t2 < (1 + t)2             ( A < 4 )
	B1              (1)

	
	
	(13 marks)




28. P3 June 2001

[image: ]
	

29. 
C3 June 2010


7.       (a)
	




	


B1

	
	

	M1A1

	
	
	(3)

	(b) (i)
	

	
B1

	(ii)
	


  or  ; 
	
M1;A1 

	
	
	(3)

	(c)
	

	
B1

	
	


 or  ;
	M1;A1

	
	
	(3)

	(d)
	

; 
	M1;M1

	
	
  or  awrt 0.41
	A1

	
	
Either 
	A1

	
	
So,  
	ddM1

	
	

	A1             (6)

	
	
	[15]




30. C3(R) June 2014 

	Question Number
	Scheme
	Marks   

	7.(a)
	

	B1

	
	

	M1A1

	
	
	(3)

	(b)
	

	B1

	
	

	M1A1

	
	
	(3)

	
	
	

	 (c)
	

	M1A1A1

	
	
	(3)

	
	
	

	  (d) 
	

Sub and proceed to 
	M1

	
	
	

	
	
                                                
	A1

	
	
	

	
	
                                                  =11 (10.78)
	dM1A1

	
	
	

	
	
                                    
	ddM1A1

	
	
	(6)

	
	
	(15 marks)




31. Specimen Paper A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	8 (a)
	
Total amount  
	M1
	3.1b

	
	

                  
	A1
	1.1b

	
	
	(2)
	

	
	
Total Cost =  
	M1
	3.1b

	
	
	M1
	1.1b

	
	
                 
	
	

	
	
                  (nearest £1000)
	A1
	3.2a

	
	
	(3)
	

	(5 marks)






32. June 2018 A level Pure Mathematics Paper 1

[image: ]


33. May 2018 AS Mathematics Paper 1

[image: ]



34. May 2018 AS Mathematics Paper 1

[image: ]

	

35. June 2018 A level Pure Mathematics Paper 2

[image: ]


36. IAL C34 January 2015

	Question Number
	Scheme
	Marks   

	8 (a)
	[image: ]
	B1,B1

	
	
	(2)

	(b)
	[image: ]
	M1

	
	[image: ]
	M1A1

	
	
	(3)

	(c)
	[image: ]
	

	
	[image: ]
	

	
	[image: ]
	M1A1

	
	[image: ]oe
	dM1A1

	
	
	(4)

	
	
	(9 marks)

	
	
	




37. C4 January 2013

	Question Number
	Scheme
	    
	Marks

	8. (a)
	


     or  
	
	B1 

	
	

        or   
	See notes.
	M1 A1

	
	
  
	

Correct completion to.
	

	
	
  
	
	
A1

	
	
   *
	
	

	
	
	[4]

	(b)
	


  ; 
	See notes.
	M1; A1

	
	

	
Substitutes   into an equation 

of the form   
or equivalent. 
	M1

	
	


      
	
Correct algebra to , where k is a positive value.  
	M1

	
	

	awrt 77
	A1

	
	
	
	[5]

	
	
	
	9




38. C3 June 2017

	Question Number
	Scheme
	Marks   

	8 (a)
	
 
	B1 

	
	
	(1)

	
	

	M1

	  (b)
	
 
	M1 A1

	
	
	(3)

	  (c)(i)
	
   At maximum      
	

	
	
                                                                        
	

	
	

                                                                                               oe 
	M1

	
	
                                                                                                
	M1, A1

	(c) (ii)
	
Sub  
	A1

	
	
	(4)

	      (d)
	

	B1

	
	
	(1)

	
	
	9 marks





39. C2 May 2007

Question					Scheme					         Marks
   number	




8.	(a) 	   (or equiv.)	(Allow  if  is seen in (b))		  B1		(1)

 	(b) 								  M1
 	      	(Using answer to (a), which must include r and n, and 200 000)
 		(Allow equals sign or the wrong inequality sign)	
 		(Condone ‘slips’ such as omitting a zero)

 	      	  					  M1
 		(Introducing logs and dealing correctly with the power)
 		(Allow equals sign or the wrong inequality sign)

	 	 								(*)	  A1cso	(3)

 	(c) r = 1.09:   (Allow equality)  M1
 	      Year 18     or     2023	(If one of these is correct, ignore the other)		  A1		(2)

 	(d) 						  M1 A1
 			     £760 000	(Must be this answer… nearest £10000)		  A1		(3)
 													9

13
40. C4 January 2012
	Question Number
	Scheme
	    
	Marks

	8. (a)
	

	Can be implied.
	M1

	
	

	Either one.
	A1

	
	
giving    
	
	A1  cao, aef

	
	
	
	[3]

	(b)
	

	
	B1 

	
	
     
	
	M1*

	
	
	
	A1ft

	
	


       
	
	dM1*

	
	
         eg:    
	Using any of the subtraction (or addition) laws for logarithms CORRECTLY
	dM1*

	
	
                  
	
	

	
	

          eg:         or    eg:  
	Eliminate ln’s correctly.
	dM1*

	
	
gives   
	
	

	
	
                  
	Make P the subject.
	dM1*

	
	

                 or   etc.
	
	A1

	
	                                                 
	
	[8]

	(c)
	
.    So population cannot exceed 5000.
	
	B1

	
	
	
	[1]

	
	
	
	(12 marks)




41. C3 January 2009

	Question Number
	Scheme
	Marks   

	
	
	

	8      (a)
	
                                             
	M1

	
	
                                               
	A1

	
	
                                         
	M1

	
	

                                                                                       awrt 
	A1             (4)

	
	
	

	(b)
	                                        Maximum value is 5                                ft their R
	B1 ft

	
	
	

	
	

          At the maximum,   or 
	M1

	
	

                                                                                ft their 
	A1 ft          (3)

	
	
	

	(c)
	
                            
	

	
	
          Minimum occurs when 
	M1

	
	

          The minimum temperature is  = 
	A1 ft          (2)

	
	
	

	(d)
	
                                              
	M1

	
	
                                                                                          awrt 15.5
	M1 A1       (3)

	
	
	 [12]

	
	
	

	
	
	

	
	
	




42. C3 June 2014

	Question Number
	Scheme
	Marks   

	
	
	

	8.(a)
	
                        
	  M1,A1

	
	
	(2)

	  (b)
	
                         
	

	
	

	M1,A1

	
	                                       
	

	
	
                                                                                  
	M1                  

	
	
                                                                                  
	A1

	
	                                    
	(4)

	     (c )
	

	M1,A1

	
	
	

	
	At t=10
	

	
	
              
	M1,A1

	
	
	(4)

	      (d)
	
. Hence P cannot be 270
	B1

	
	
	(1)

	
	
	(11 marks)






43. C4 June 2007

	Question Number
	Scheme
	    
	Marks

	
	
	
	

	8. (a)
	

        and     
	
	

	
	
	
	

	
	

	

Separates the variables with  and on either side with integral signs not necessary.
	M1

	
	
	
	

	
	

	

Must see  and ;
Correct equation with/without + c.
	A1

	
	
	
	

	
	
When 


	Use of boundary condition (1) to attempt to find the constant of integration.
	M1

	
	
	
	

	
	

   
	
	

	
	
	
	

	
	
Hence,  
	

	A1

	
	
	
	[4]

	
	
	
	

	(b)
	

   
	
Substitutesinto an expression involving P 
	M1

	
	
	
	

	
	

  or  


…or   or  
	
Eliminates  and takes 
ln of both sides
	M1

	
	
	
	

	
	

	
	

	
	
	
	

	
	

	
	

	
	
	
	

	
	

   or      (to nearest minute)
	

awrt   or   
	A1

	
	
	
	[3]

	
	
	
	





	Question Number
	Scheme
	    
	Marks

	8. (c)
	

        and     
	
	

	
	
	
	

	
	

	

Separates the variables with  and on either side with integral signs not necessary.
	M1

	
	
	
	

	
	

	

Must see  and ;
Correct equation with/without + c.
	A1

	
	
	
	

	
	
When 


	Use of boundary condition (1) to attempt to find the constant of integration.
	M1

	
	
	
	

	
	

   
	
	

	
	
	
	

	
	
Hence,  
	

	A1

	
	
	
	[4]

	
	
	
	

	(d)
	

   
	
	

	
	
	
	

	
	


…or …  
	


Eliminates  and makes  or the subject by taking ln’s
	M1

	
	
	
	

	
	

	Then rearranges 
to make t the subject.
	dM1

	
	
	(must use sin-1)
	

	
	

	
	

	
	
	
	

	
	

	
	

	
	
	
	

	
	

   or      (to nearest minute)
	

awrt   or   
	A1

	
	
	
	[3]

	
	
	
	

	
	
	
	 14 marks


44. May 2019 AS Pure Mathematics Paper 1

[image: ]


45. IAL  January 2014 C12

	Question Number
	Scheme
    
	Marks

	9.(a)
	
              
	
M1

	
	             Obtains 921        or 922    or 920
	A1

	
	
	[2]

	(b)
	
 Must have correct r and n but can use their a (e.g. 315)
.
	M1


	
	                     13351 (accept awrt 13400)
	A1

	
	
	
	[2]

	(c)
	

         
	M1

	
	


        Or correct equivalent log work ft                            
	M1

	
	  n > 48.19  N = 49
	
	A1

	
	
	
	[3]

	
	
	
	

	
	
	
	7 marks

	
	
	
	



46. C3 June 2016

	Question 
	Scheme
	Marks   

	9.   (a)
	

 Subs and  t =4            
	M1 A1

	
	
	(2)

	(b)
	
 
	M1 A1*

	
	
	(2)

	(c)
	

	M1

	
	

	

	
	

	dM1

	
	
      
	A1, A1

	
	
	(4)

	
	
	(8 marks)




47. Mock Paper A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	9 (a)
	
     
	M1
	1.1b

	
	

   ,  {where }
	A1
	2.1

	
	
	(2)
	

	(b)
	
     
	
     
	
	

	
	
              
	

	M1
	1.1b

	
	

 and 
	A1
	1.1b

	
	
	(2)
	

	(c)

	

	
	

	
	
(i)   e.g.  
· “170” milligrams of antibiotic were initially given to the patient
· the initial dose of the antibiotic is estimated as “170” milligrams
	B1ft
	3.4

	
	
(ii)   e.g.  after the antibiotic is first given the amount of antibiotic in the patient’s bloodstream reduces by approximately “16%” per hour
	B1ft
	3.4

	
	
	(2)
	

	(d)
	

	M1
	3.4

	
	

	A1
	1.1b

	
	
	(2)
	

	(d)
Alt 1
	
 
	M1
	3.4

	
	

	A1
	1.1b

	
	
	(2)
	

	(e)
	


e.g.  As  is outside of the experimental data  we do not have enough evidence to deduce that the model is still valid.  So, the estimate in part (d) should be treated with caution.
	B1
	3.5b

	
	
	(1)
	

	(9 marks)





48. June 2019 A level Pure Mathematics Paper 2

[image: ]


49. Mock Paper A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	10 (a)
	

   
	B1
	3.1b

	
	
   
	M1
	1.1b

	
	


    or  
	A1
	1.1b

	
	
 
	M1
	3.4

	
	
 


	dM1
	1.1b

	
	



	A1*
	2.1

	
	
	(6)
	

	(b)
(i), (ii)
	Either
· 
 





{}
or
· 
 

      

      

      
	M1
	3.4

	
	



Biologist’s model works well for  and  but appears to give an overestimate for A (or does not work well) when  and 
	A1
	3.5a

	
	E.g.
· The biologist’s model appears to break down for large values of t.  This may be because the biologist’s model predicts values for A which are greater than the total surface area of the piece of bread used in the experiment.
· The biologist’s results indicate an upper limit for A, but the biologist’s model does not give an upper limit for A.  
	B1
	3.2a

	
	
	(3)
	

	(9 marks)




50. June 2018 A level Pure Mathematics Paper 1

[image: ]

51. June 2018 A level Pure Mathematics Paper 2

[image: ]


52. IAL June 2017

	Question Number
	Scheme
	Marks

	10(a)
	R =√5
	B1

	
	 

[image: ]

	M1,A1

	
	
	(3)

	(b)
	

Shape
	

B1

	
	(0,1)
	
B1

	
	[image: ][image: ]
	B1ft

	
	
	(3)

	(c)(i)
	5 + ' R ' = 5 + √5
	B1ft

	
	
	

	(c)(ii)
	[image: ]
	M1,A1

	
	
	(3)

	
	
	(9 marks)




53. SAMS A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	11(a)
	
 Sets   
	M1
	3.4

	
	  Solves using an appropriate method, for example

                                                                                         
	dM1
	1.1b

	
	
                             only
	A1
	2.2a

	
	
	(3)
	

	(b)
	 States the initial height of the arrow above the ground. 
	B1
	3.4

	
	                         
	(1)
	

	(c)
	
  
	M1
	1.1b

	
	
                                        
	M1
	1.1b

	
	
                                        
	A1
	1.1b

	
	
	(3)
	

	(d)
	(i) 22.1 metres              
	B1ft
	3.4

	
	(ii) 100 metres
	B1ft
	3.4

	
	
	(2)
	

	(9 marks)





54. C2 June 2010

	
Question Number
	Scheme
	Marks   

	9
	(a) 25 000  1.03 = 25750 

                          (*)                                                                    
	B1              (1)

	
	
(b) r = 1.03               Allow   but no other alternatives
	B1              (1)

	
	
(c)     (Either letter r or their r value) Allow ' = ' or ‘<’
	M1

	
	
               Allow ' = ' or ‘<’     (See below) 

      OR (by change of base),    
	M1

	
	
                       (Correct bracketing required)      (*)
	A1 cso

	
	      Accept work for part (c) seen in part (d)
	(3)

	
	


(d) Attempt to evaluate  {or  and }
	M1

	
	
     N = 17     (not 16.9 and not e.g. )                   Allow ‘17th year’
	A1

	
	     Accept work for part (d) seen in part (c)
	(2)

	
	
(e) Using formula  with values of a and r, and n = 9, 10 or 11 
	M1

	
	
        
	A1

	
	         287 000  (must be rounded to the nearest 1 000)   Allow 287000.00
	A1              (3)

	
	
	10




55. IAL C34 January 2017	

	
Qu
	Scheme
	Marks   

	10.(a)
	                  When t = 0   N = 15
	B1
(1)

	
	
	

	    (b)
	         Puts t = 10 so     N =  56.6   (accept 56 or 57 )                                            
	M1A1
(2)

	
	
	

	    (c)
	[image: ]
	M1 A1

	
	                        [image: ] 
	dM1

	
	                                                                                   t = awrt 16.3
	A1
(4)

	   (d)
	[image: ]  
	M1 A1

	
	                                         =4.38 so 4 insects per week 
	A1 cso
(3)

	
	
	(10 marks)

	
	
	




56. IAL C12 May 2017

[image: ]





57. IAL C34 June 2015

	Question Number
	Scheme
	Marks   

	
	
	

	11(a)
	[image: ]- accept e.g. [image: ] or  [image: ]
	B1

	
	[image: ]or 0.215π  
	M1A1

	
	
	(3)

	(b)
	[image: ]
	

	
	[image: ]
	M1A1

	
	[image: ]
	M1A1

	
	
	(4)

	(c)
	[image: ]
	M1

	
	                                                     [image: ]or 2.34
	dM1A1

	
	                                                             [image: ]or 6.25
	ddM1A1

	
	Times are 2:20pm and 6:15pm or 6.14pm (14:20 and 18:15 or 18:14) – allow 2 hours 20minutes and 6 hours 15 or 14minutes or 140 minutes and 375 or 374 minutes
	A1

	
	Extra values in the range – lose final A mark.
	(6)

	
	
	

	
	
	(13 marks)

	
	
	




58. Mock Paper A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	12 (a)
	
 

 


 
	M1
	3.3

	
	
	M1
	3.4

	
	

	A1
	1.1b

	
	
	(3)
	

	(a)
Alt 1
	
 

 




 


	M1
	3.3

	
	
	M1
	3.4

	
	

	A1
	1.1b

	
	
	(3)
	

	(b)
	
      
	M1
	3.4

	
	

      Lee can safely inspect the defect
	A1
	2.2b

	
	
	(2)
	

	(b)
Alt 1
	
   
	M1
	3.4

	
	

Distance from tower  


  Lee can safely inspect the defect
	A1
	2.2b

	
	
	(2)
	

	(c)
	E.g.  
· The thickness/diameter of the cable has not been incorporated into the current model
· Weather conditions (e.g. strong winds) may affect the shape of the curve
· Walkway may not be completely horizontal
	B1
	3.5b

	
	
	(1)
	

	(6 marks)




59. Mock Paper A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	12 (a)
	

     Total mass 
	M1
	3.1b

	
	
                        
	A1
	1.1b

	
	
	(2)
	

	(b)
	
Expected mass in the year 2040 =   
	M1
	3.4

	
	
                                                   
	A1
	1.1b

	
	
	(2)
	

	(c)
	
Total cost  
	M1
	3.1b

	
	
	M1
	1.1b

	
	
                 
	
	

	
	
                
	A1
	3.2a

	
	
	(3)
	

	[bookmark: _Hlk512814331](c)
Alt 1
	
Total cost  
	M1
	3.1b

	
	
	M1
	1.1b

	
	
                 
	
	

	
	
                
	A1
	3.2a

	
	
	(3)
	

	(7 marks)




60. SAMS A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	12 (a)
	
 
	M1
	2.1

	
	

         so 
	A1
	1.1b

	
	
	(2)
	

	  (b)
	
Uses the graph  to find either a or b   or  b = gradient
	M1
	3.1b

	
	
Uses the graph  to find both a and b   and  b = gradient 
	M1
	1.1b

	
	

Uses   in with their a and b
	M1
	3.1b

	
	
            Number of microbes 
	A1
	1.1b

	
	                                    
	(4)
	

	(c)
	

	M1
	3.4

	
	We cannot ‘extrapolate’ the graph and assume that the model still holds
	A1
	3.5b

	
	
	(2)
	

	(d)
	States that 'a' is the number of microbes 1 day after the start of the experiment
	B1
	3.2a

	
	
	(1)
	

	(9 marks)




	61. IAL C34 2017

	Qu
	Scheme
	    
	Marks

	12.  (a)
	Way 1:
Uses [image: ]or t = cx and x = 1.5 when t = 2 so k =   or c =           
	Way 2:
Uses[image: ]+c  with x = 0, t = 0 and with  x = 1.5 when t = 2 so k =    
	M1

	
	[image: ]
	[image: ]
	A1
(2)

	       (b)
	t = 4
	
	B1

	
	
	           (1)

	       (c)
	[image: ]  so separate variables to give [image: ]
	M1

	
	[image: ]    or    [image: ]so t = 
	M1 


	
	(When  t = 0, x = 0  so c = ¼ or  [image: ]=0) so [image: ]
	A1
(3)

	
       (d)
	
Uses  x = 1.5 when t = 2  to give [image: ]=[image: ]
	
	B1
(1)

	
	
	
	

	      (e)
	[bookmark: TEMPGOTO][image: ]  = 6.4 hours later so 10.24pm or 22.24
	
	
M1 

A1           
(2)

	
	
	
	(9 marks)




62. June 2018 A level Pure Mathematics Paper 1

[image: ]


63. June 2019 A level Pure Mathematics Paper 1

[image: ]


64. IAL C34 January 2018
[image: ]



65. Specimen Paper AS Pure Mathematics Paper 1

	
Question
	Scheme
	Marks
	AOs

	13(a) 
	
 
	B1
	3.4

	
	                                      
	(1)
	

	  (b)
	

Rate of change = gradient  
	M1
	3.1b

	
	

At  Rate of Growth is  m2/day
	A1
	1.1b

	
	
	(2)
	

	(c)
	

	M1
A1
	3.1a1.1b

	
	
                     days        20 days 17 hours
	M1
A1
	1.1b
3.2a

	
	
	(4)
	

	(d)
	The model given suggests that the pond is fully covered after 20 days 17 hours. Observed data is inconsistent with this as the pond is only 90% covered by the end of one month (28/29/30/31 days). 
Hence the model is not accurate
	B1
	3.5a

	
	
	(1)
	

	(8 marks)





	66. May 2018 AS Pure Mathematics Paper 1

[image: ]


67. SAMS A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	13(a)
	
              
	B1
	1.1b

	
	
               
	M1
	1.1b

	
	

                 so  
	A1
	1.1b

	
	
	(3)
	

	(b)
	

 (i)        e.g  or 	
	B1
	3.3

	
	
 (ii)         or 21.44 m
	B1ft
	3.4

	
	
	(2)
	

	(c)
	
Sets  
	M1
	3.4

	
	
                                  
	M1
	1.1b

	
	                                                     t = 6 mins 32 seconds      
	A1
	1.1b

	
	
	(3)
	

	(d)
	Increase the ‘80’ in the formula

For example use 
	
	3.3

	
	
	(1)
	

	(9 marks)





68. Specimen Paper A level Pure Mathematics Paper 1

	Question
	Scheme
	Marks
	AOs

	13 (a)
	
 
	B1
	1.1b

	
	
   o.e.
	M1
	1.1b

	
	

 so  
	A1
	1.1b

	
	
	(3)
	

	(b)
	
e.g. 

or  
	B1
	3.4

	
	
	(1)
	

	(c)
	

	B1ft
	3.4

	
	
	(1)
	

	(d)
	
Sets  
	M1
	1.1b

	
	
Afternoon solution 
	M1
	3.1b

	
	
or 4:54 pm
	A1
	3.2a

	
	
	(3)
	

	(e)(i)



	· An attempt to find the depth of water at 00:00 on 19th October 2017 for at least one of either Tom’s model or Jolene’s model.
	M1
	3.4

	
	· At 00:00 on 19th October 2017, 


Tom:  and Jolene: 
and e.g.
· 
As  then Jolene’s model is not true
· Jolene’s model is not continuous at 00:00 on 19th October 2017
· Jolene’s model does not continue on from where Tom’s model has ended
	A1
	3.5a

	(ii)
	To make the model continuous, e.g.
· 

· 

	B1
	3.3

	
	
	(3)
	

	(11 marks)





69. IAL C34 January 2015

	Question Number
	Scheme
	Marks   

	13(a)
	                   [image: ]
	B1

	
	      [image: ]
	M1A1

	
	
	(3)

	    (b)(i)
	Max height = 12+ ‘[image: ]’= 22.44 m
	M1A1

	        (ii)
	Occurs when [image: ]
	M1A1

	
	
	

	
	
	(4)

	(c)
	[image: ]
	M1A1

	
	
	

	
	                                            [image: ]
	dM1

	
	
	

	
		                                                        [image: ](2dp)
	A1

	
	
	(4)

	
	
	

	
	
	

	(d)
	Attempting [image: ] or [image: ]
	M1

	
	                     2 revolutions in 24 minutes
	A1

	
	
	(2)

	
	                                    
	(13 marks)

	
	
	





70. May 2019 AS Pure Mathematics Paper 1

[image: ]


71. June 2018 A level Pure Mathematics Paper 2

[image: ]

72. IAL C12 October 2017

[image: ]



73. SAMS AS Pure Mathematics Paper 1 Question 14

	Qn
	Working
	Marks

	14. (a)
	
P = mt + c
	M1

	
	

	A1        (2)

	(b)
	

As  then 
	M1

	
	

 or 
	M1

	
	so a = 100 000 or b = 1.0116
	A1

	
	both a = 100 000 and b = 1.0116 (awrt 1.01)
	A1        (4)

	(c)
	(i) The initial population 
	B1

	
	(ii) The proportional increase of population each year
	B1        (2)

	(d)
	(i) 300 000, to nearest hundred thousand
	B1

	
	

(ii) Uses  with their values of a and b or  and rearranges to give t =
	M1

	
	60.2 years to 3 sf
	A1 ft    (3)

	(e)
	 Any two valid reasons, e.g.
· 100 years is a long time and population may be affected by wars and disease
· Inaccuracies in measuring gradient may result in widely different estimates  
· Population growth may not be proportional to population size
· The model predicts unlimited growth
	B2        (2)

	
	
	(13 marks)




74. June 2019 A level Pure Mathematics Paper 2

[image: ]



75. IAL C12 May 2017

[image: ]


76. SAMS A level Pure Mathematics Paper 2

	Question
	Scheme
	Marks
	AOs

	16(a)
	
Sets 
	B1
	1.1a

	
	


  Substitutes either  or   into  
	M1
	1.1b

	
	
              
	A1
	1.1b

	
	
	(3)
	

	(b)
	
                       Separates the variables            
	B1
	3.1a

	
	
   Uses (a) and attempts to integrate       
	M1
	1.1b

	
	
                                                              
	A1
	1.1b

	
	


Substitutes  
	M1
	3.1a

	
	
Substitutes  
	M1
	3.1a

	
	
                                  
	A1
	3.2a

	
	
	(6)
	

	(c)
	
     Uses ln laws         

                                                

	M1
	2.1

	
	
       Makes 'P' the subject 

                                     


                                    or 
	M1
	2.1

	
	
                                        
	A1
	1.1b

	
	
	(3)
	

	(12 marks)




77. October 2021 A level Pure Mathematics Pure 1 – Q5

	Question
	Scheme
	Marks
	AOs

	5(a)
	

	B1*
	1.1b

	
	
	(1)
	

	(b)
	

	M1
	1.1b

	
	
 
or e.g. 

 
	M1
	3.1b

	
	Year 17
	A1
	3.2a

	
	
	(3)
	

	(c)
	

	M1
	3.4

	
	Awrt (£)  915 000   
	A1
	1.1b

	
	
	(2)
	

	(6 marks)

	Notes

	


























(a)
B1*: Uses a correct method to show that the Profit in Year 3 will be £23 328. Condone missing units


          E.g.  or 



  This may be obtained in two steps. E.g   followed by   with the calculations  seen. 

   Condone calculations seen as  of 20000 =  1600.
          This is a show that question and the method must be seen.
          It is not enough to state Year 1 = £21 600, Year 2 = £ 23 328

 (b)
M1: Sets up an inequality or an equation that will allow the problem to be solved. 



Allow for example N or n for n – 1. So award for  ,  or amongst others. 
 Condone slips on the 20 000 and 65 000 but the 1.08 o.e. must be correct
M1: Uses a correct strategy involving logs in an attempt to solve a type of equation or inequality of the form seen  above. It cannot be awarded from a sum formula
       The equation/inequality must contain an index of  n – 1, N, n etc. 
Again condone slips on the 20 000 and 65 000 but additionally condone an error on the 1.08,   which may appear as 1.8 for example

          E.g.    

          E.g. 
A1: Interprets their decimal value and gives the correct year number. Year 17

The demand of the question dictates that solutions relying entirely on calculator technology are not acceptable,  BUT allow a solution that appreciates a correct term formula or the entire set of calculations where you may see the numbers as part of a larger list 
E.g. Uses, or implies the use of, an acceptable calculation and finds value(s) 


for M1:  or 


      M1:  and 
      A1: 17 years following correct method and both M's

(c)
M1: Attempts to use the model with a correct sum formula to find the total profit for the 20 years.

 You may see an attempt to find the sum of 20 terms via a list. This is acceptable provided there are 20 terms with  seen at least 4 times and the sum attempted.  
 Condone a slip on the 20 000 (e.g appearing as 2 000) and/or a slip on the 1.08 with it being the same ''r'' as in (b) . Do not condone  20 appearing as 19 for instance  
A1:   awrt £915 000  but condone missing unit 

The demand of the question dictates that all stages of working should be seen. An answer without working scores M0 A0

78. October 2021 A level Pure Mathematics Pure 1 – Q8

	Question
	Scheme
	Marks
	AOs

	8(a)
	

	B1
	3.4

	
	

or 
	M1
	1.1b

	
	

	M1
	2.1

	
	

 or 
	A1
	3.3

	
	
	(4)
	

	(b)
	

 or 


 or 
	M1
	3.1b

	
	=  awrt 420
	A1
	1.1b

	
	
	(2)
	

	(c)
	

or 
	M1
	3.4

	
	Correct method of getting a linear equation in T


             E.g.   or  
	M1
	2.1

	
	
hours  
	A1
	1.1b

	
	
	(3)
	

	(9 marks)

	Notes


Mark as one complete question. Marks in (a) can be awarded from (b)
(a)

B1: Correct value of A for the model. Award if equation for model is of the form 

M1: Uses the model to set up a correct equation in k. Award for substituting  
        following through on their value for A.   

M1: Uses correct ln work to solve an equation of the form and obtain a value for k


A1: Correct equation of model. Condone an ambiguous  unless followed by something incorrect. Watch for which is also correct
(b)
M1: Differentiates αekt to βekt and substitutes t = 8 (Condone α = β so long as you can see an attempt to differentiate)
A1: For awrt 420 (2sf). 
(c)
M1: Uses both models to set up an equation in T using their value for k, but also allow in terms of k
M1: Uses correct processing using lns to obtain a linear equation in T (or t)
A1: Awrt 12.5  
...................................................................................................................................................................
Answers to (b) and (c) appearing without working (i.e. from a calculator).
It is important that candidates show sufficient working to make their methods clear. 


(b) If candidate has for example , and then writes at t = 8  award both marks. Just the answer from a correct model equation score SC 1,0. 

(c) The first M1 should be seen E.g 

       If the answer appears without any further working score SC M1 M1 A0
...................................................................................................................................................................    

79. October 2021 A level Pure Mathematics Pure 1 – Q12

	Question
	Scheme
	Marks
	AOs

	12(a)
	

  and 
	M1
	3.3

	
	

 and 


or when x = 90 
	M1

A1
	3.1b

1.1b

	
	

 and 
and


 when x = 90 


	dM1
	3.1b

	
	
   o.e.
	A1
	1.1b

	
	
	(5)
	

	(b)(i)
	

	B1
	3.4

	(b)(ii)
	

	M1
	3.4

	
	



	A1
	3.2a

	
	
	(3)
	

	(c)
	Examples must focus on why the model may not be appropriate or give values/situations where the model would break down: E.g.
· The ground is unlikely to be horizontal
· The ball is not a particle so has dimensions/size  
· The ball is unlikely to travel in a vertical plane (as it will spin) 
· H is not likely to be a quadratic function in x  
	B1
	3.5b

	
	
	(1)
	

	(9 marks)

	Notes












(a)
M1: Translates the problem into a suitable model and uses H = 3 when x = 0 to establish c = 3


        Condone with  so  will score M1 but little else 
M1: For a correct attempt at using one of the two other pieces of information within a quadratic model  

Either uses H = 27 when x = 120 (with c =3) to produce a linear equation connecting a and b for the model Or differentiates and uses when x = 90. Alternatives exist here, using the  

  symmetrical nature of the curve, so they could use at vertex or use  point (60, 27) or (180,3).

A1: At least one correct equation connecting a and b. Remember ''a'' could have been set as negative       so an equation such as   would be correct in these circumstances.

dM1: Fully correct strategy that uses with the two other pieces of information in order  to establish the values of both a and b for the model
A1: Correct equation, not just the correct values of a, b and c. Award if seen in part (b)
(b)(i)
B1: Correct height including the units. CAO 
(b)(ii)
M1: Uses H = 0 and attempts to solve for x. Usual rules for quadratics. 
A1: Discards the negative solution (may not be seen) and identifies awrt 185 m. Condone lack of units
(c)
B1: Candidate should either refer to an issue with one of the four aspects of how the situation has been modelled or give a situation where the model breaks down 
· the ball has been modelled as a particle
· there may be trees (or other hazards) in the way that would affect the motion
Condone answers (where the link to the model is not completely made) such as 
· the ball will spin
· ground is not flat 
Do not accept answers which refer to the situation after it hits the ground (this isn't what was modelled)
· the ball will bounce after hitting the ground
· it gives a negative height for some values for x
Do not accept answers that do not refer to the model in question, or else give single word vague answers  
· the height of tee may have been measured incorrectly
· ''friction'', ''spin'', ''force'' etc 
· it does not take into account the weight of the ball
· it depends on how good the golfer is
· the shape of the ball will affect the motion
· you cannot hit a ball the same distance each time you hit it

The method using an alternative form of the equation can be scored in a very similar way. 

The first M is for the completed square form of the quadratic showing a maximum at 





So award M1 for   or  . Condone for this mark an equation with    or c = 3  but will score little else
	Alt (a)
	

  and 
	M1
	3.3

	
	

 when x = 0 
or


 when 
	M1
A1
	3.1b
1.1b

	
	

 when x = 0 
and


 when 


	dM1
	3.1b

	
	
 o.e
	A1
	1.1b

	
	
	(5)
	

	(b)
	

	B1
	3.4

	
	
	(1)
	

	
	

	M1
	3.4

	
	

	A1
	3.2a

	
	
	(2)
	
























Note that is equivalent to 

80. October 2021 A level Pure Mathematics Pure 2 – Q10

	Question
	Scheme
	Marks
	AOs

	10(a)
	

	M1
	2.1

	
	

or


	A1*
	1.1b

	
	
	(2)
	

	(b)
	

 or 
	B1
	2.2a

	
	

or


	M1
	3.1a

	
	

	A1
	3.3

	
	
	(3)
	

	(c)
	The time taken for one swing of a pendulum of length 1 m
	B1
	3.2a

	
	
	(1)
	

	(6 marks)

	Notes

	(a)
M1: Takes logs of both sides and shows the addition law. 

Implied by 
A1*: Uses the power law to obtain the given equation with no errors. Allow the bases to be 
         missing in the working but they must be present in the final answer. 
         Also allow t rather than T and A rather than a.
Allow working backwards e.g.




M1: Uses the given answer and uses the power law and addition law correctly
A1: Reaches the given equation with no errors as above
(b)

B1: Deduces the correct value for b (Allow awrt 0.495 or )
M1: Correct strategy to find the value of a.

E.g. substitutes one of the given points and their value for b into 
and uses correct log work to identify the value of a. Allow slips in rearranging their equation but must be correct log work to find a.

Alternatively finds the equation of the straight line and equates the constant to  and uses correct log work to identify the value of a.

E.g. 


A1: Complete equation  or  

       (Allow awrt 2.22 and awrt 0.495 or )
       Must see the equation not just correct values as it is a requirement of the question.
(c)
B1: Correct interpretation



81. October 2021 A level Pure Mathematics Pure 2 – Q14

	Question
	Scheme
	Marks
	AOs

	14(a)
	

	B1
	3.1b

	
	

    or   
	B1
	3.1b

	
	

or e.g.


	M1
	2.1

	
	

	A1*
	1.1b

	
	
	(4)
	

	(b)
	


 oe
or



 oe
	M1
	3.1a

	
	
 oe
	A1
	1.1b

	
	

	M1
	3.4

	
	

	A1
	1.1b

	
	



	ddM1
	2.1

	
	

oe e.g. 
	A1
	3.3

	
	
	(6)
	

	(c)
	Examples:
· 

· 
When h > 4.8, 
· Flow in = flow out at max h so 0.1h = 4.8  h = 4.8
· 

· 

 or 
· 

· 

	M1
	3.1b

	
	· The limit for h (according to the model) is 4.8m and the tank is 5m high so the tank will never become full
· If h = 5 the tank would be emptying so can never be full
· The equation can’t be solved when h = 5
	A1
	3.2a

	
	
	(2)
	

	(12 marks)

	Notes

	(a)

B1: Identifies the correct expression for according to the model

B1: Identifies the correct expression for according to the model



M1: Applies or equivalent correct formula with their and which may be implied by their working
A1*: Correct equation obtained with no errors

Note that: scores B1B0M0A0. There must be clear evidence where the “24” comes from and evidence of the correct chain rule being applied.
(b)


M1: Adopts a correct strategy by separating the variables correctly or rearranges to obtain correctly in terms of h and integrates to obtain or equivalent (condone missing brackets around the “24 – 5h”) and + c not required for this mark.
A1: Correct equation in any form and + c not required. Do not condone missing brackets unless they are implied by subsequent work.
M1: Substitutes t = 0 and h = 2 to find their constant of integration (there must have been some attempt to integrate)
A1: Correct equation in any form
ddM1: Uses fully correct log work to obtain h in terms of t. 
            This depends on both previous method marks.
A1: Correct equation
Note that the marks may be earned in a different order e.g.:




Score as M1 A1 as in main scheme then

M1: Correct work leading to  (must have a constant “A”)

A1: 
ddM1: Uses t = 0, h = 2 in an expression of the form above to find A

A1: 
(c)
M1: See scheme for some examples
A1: Makes a correct interpretation for their method.
       There must be no incorrect working or contradictory statements.
       This is not a follow through mark and if their equation in (b) is used it must be correct.



82. October 2021 A level Pure Mathematics Pure 2 – Q15

	Question
	Scheme
	Marks
	AOs

	15(a)
	

	B1
	1.1b

	
	


 or  or 
	M1
	1.1b

	
	

	A1
	1.1b

	
	
	(3)
	

	(b)(i)
	

	B1ft
	3.4

	(ii)
	



	M1
	3.4

	
	t = 11.6
	A1
	1.1b

	
	
	(3)
	

	(c)
	



	M1
	3.4

	
	



	dM1
	1.1b

	
	So the time required is e.g.:


	dM1
	3.1b

	
	= 3.34
	A1
	1.1b

	
	
	(4)
	

	(d)
	e.g. the “3” would need to vary
	B1
	3.5c

	
	
	(1)
	

	(11 marks)

	Notes

	(a)

B1:  only.



M1: Proceeds to a value for α from or  or 
        It is implied by either awrt 0.464 (radians) or awrt 26.6 (degrees)

A1: 
(b)(i)

B1ft: For or awrt 7.47 m and remember to isw. Condone lack of units.
          Follow through on their R value so allow 3 + 2Their R. (Allow in decimals with at least 
          3sf accuracy)
(b)(ii)

M1: Uses to obtain a value for t
         Follow through on their 0.464 but this angle must be in radians.

        It is possible in degrees but only using 
A1: Awrt 11.6




	Alternative for (b):






Score as follows:
M1: For a complete method:


Attempts and attempts to solve  for t
A1: For t = awrt 11.6
B1ft: For awrt 7.47 or 3 + 2Their R



	(c)



M1: Uses the model and sets  and proceeds to where . 

         Allow e.g. 


dM1: Solves where to obtain at least one value for t


          This requires e.g.   or e.g. 
          Depends on the previous method mark.
dM1: A fully correct strategy to find the required duration. E.g. finds 2 consecutive values of t 
       when H = 0 and subtracts. Alternatively finds t when H is minimum and uses the times found
       correctly to find the required duration.
       Depends on the previous method mark.
Examples:
Second time at water level – first time at water level:


2(first time at minimum point – first time at water level):



Note that both of these examples equate to  which is not immediately obvious but may be seen as an overall method.
There may be other methods – if you are not sure if they deserve credit send to review.
A1: Correct value. Must be 3.34 (not awrt).
Special Cases in (c):


Note that if candidates have an incorrect α and have e.g. , this has no impact on the final answer. So for candidates using in (c) allow all the marks including the A mark as a correct method should always lead to 3.34
Some values to look for:



(d)
B1: Correct refinement e.g. As in scheme. If they suggest a specific function to replace the “3” then it must be sensible e.g. a trigonometric function rather than e.g. a quadratic/linear one.




83. June 2022 A level Pure Mathematics Pure 1 – Q5

	Question
	Scheme
	Marks
	AOs

	5 (a)         
	
     Attempts to use     


           with either  or 
	M1
	3.1b

	
	
Correct equations  
	A1
	1.1b

	
	Solves simultaneously to find values for a and b
	dM1
	1.1b

	
	
                                   cao
	A1
	3.3

	
	
	(4)
	

	 (b)
	

Substitutes  into their  and finds h or h2


Or substitutes  into their  and finds t
	M1
	3.4

	
	 Compares the model with the true values and concludes ''good model'' with a minimal reason

E.g. I  Finds  and states that it is a good model as 7.08 (m) is close to 7 (m) 

E.g II  Finds t =19.5 years and states that the model is accurate as 19.5 ( years)  20 (years) 
	A1
	3.5a

	
	
	(2)
	

	(6 marks)

	Notes:



(a)
M1: For translating the problem into mathematics. Attempts to use the given equation o.e. with either of the pieces of information to form one correct equation.


        Award for unsimplified equations as well, such as  or 
A1:  Two correct (and different) equations which may be unsimplified 
dM1: Solves simultaneously to find values for a and b. It is dependent upon the previous M
         Don't be too concerned with the process here as calculators may be used. 
         Score if values of a and b are reached from a pair of simultaneous equations
A1: Establishes the full equation of the model with values of a and b given to exactly 3sf. Award if    seen in either (a) or (b).   It is not scored for the values of a and b.    


         Allow either  or 


         If they go on to square root each term from then it is A0. E.g.  
.................................................................................................................................................................

Special case for candidates who mistakenly use  


For  or 
can score M1 correct equations with attempt to solve and A1 for either correct answer shown above.
These are the only marks available to them for a maximum mark of 1100 00
...................................................................................................................................................................  

(b)
M1:  A full and valid attempt to 


                          either substitute  into their  o.e. and find a value for h or h2


                          or substitute  into their  o.e. and find a value for t   
         (to enable the candidate to compare real life data with that of the model.) 


         The equation of the model must be of the correct form, either  or 
         Do not be too concerned with the mechanics of the solution but the square or  must have been     used appropriately to enable the comparison to be made. 
         In cases with no working you will need to check the calculation
A1: Compares their h=7.08m to 7m o.e using h2 or their t =19.5 years to 20 years and makes valid conclusion  with reason.
        For this mark you require  
· a statement that it is a ''good'' or  ''accurate' ' model or similar wording
· a reason such as ''the values are close'', ''the values are similar'' or ''the predicted 	                   values are within 5% of the true values.''  
· 


a model with equation  o.e. where  and 
· correct calculations  
Condone a statement like ‘ the model is pretty accurate as it predicted 7.08m and the actual value is 7m’
          Do not allow incorrect statements such as the model is incorrect as it does not give 7 metres.
          Do not allow just ''the model gives an underestimate of the true value.''  
   Do not allow ‘bad’ or ‘poor’ model

84. June 2022 A level Pure Mathematics Pure 1 – Q10

	Question
	Scheme
	Marks
	AOs

	10 (a)
	      265 thousand
	B1
	3.4

	
	
	(1)
	

	(b)
	
Attempts 
	M1
	1.1b

	
	

Substitutes  into their 
	M1
	3.4

	
	
 which is approximately 18 thousand per year *
	A1*
	2.1

	
	
	(3)
	

	(c)
	
Sets 
	M1
	3.1b

	
	
       Correct quadratic equation  
	A1
	1.1b

	
	
                                           
	M1
	2.1

	
	                                               T = 12.08 
	A1
	1.1b

	
	
	(4)
	

	(8 marks)

	Notes:





(a) May be seen in the question so watch out.
B1:  Accept 265 thousand or 265 000 or equivalent such as 265 k but not just 265. 
(b)

M1: Differentiates to a form . Do not be too concerned about the lhs.

M1: Substitutes  into a changed function that was formed from an attempt at differentiation.


        The left hand side must have implied differentiation. E.g. Rate = ,  or even  
A1*: Full and complete proof  that requires
· 

some correct lhs seen at some point. E.g. ''Rate = ,  ''  but condone 
· 
an intermediate line/answer of either  or awrt 18.1 before a minimal conclusion which must be referencing the 18 000 or 18 thousand
(c)
M1: Attempts to set both equations equal to each other and simplify the constant terms.

         Look for  o.e but condone slips

          It is also possible to set  and form an equation in N
A1: Correct quadratic form. 



   Look for  or  but allow with terms in    different order such as 

   FYI the equation in N is 
 M1: Full attempt to find the value of t (or a constant multiple of t) 

        This involves the key step of recognising and solving a 3TQ in followed by the use of lns.
        If the answers to the quadratic just appear (from a calculator) you will need to check. 
        Accuracy should be to 3sf. 
        You may see different variables used such as x 

         

         Allow use of calculator for solving the quadratic and for 
            Via the N route it will involve substituting the positive solution to their quadratic into either 	equation to find a value for t/T using same rules as above.
A1:  AWRT 12.08

.................................................................................................................................................................
        Answers with limited or no working in (b) and (c)
        (b) A derivative in the correct form must be seen

        (c)  Candidates who state  followed by awrt 12.08 (presumably from using num-solv on their calculators) can score  SC 1100. Rubric on the front of the paper states that ''Answers without working may not gain full credit''  so we demand a method in this part.
	.................................................................................................................................................................



85. June 2022 A level Pure Mathematics Pure 1 – Q8

	Question
	Scheme
	Marks
	AOs

	8 (a)         
	

	B1
	3.4

	
	
	(1)
	

	 (b)
	             Attempts to differentiate using the product rule 

                
	M1
A1
	3.1b
1.1b

	
	
  Sets their and then makes progress towards making ''t '' the subject (See notes for this)
	dM1
	1.1b

	
	
                              

                                          *
	A1*
	2.1

	
	
	(4)
	

	(c)
	
(i)    Attempts    
	M1
	1.1b

	
	
                            
	A1
	1.1b

	
	(ii)                     awrt 7.33 seconds
	A1
	3.2a

	
	
	(3)
	

	(8 marks)

	Notes:




(a)

B1: but condone 25 seconds. If another value is given (apart from 0) it is B0

(b)

M1:  Attempts to use the product rule in an attempt to differentiate 

         Look for , where k is a constant, condoning slips. 

          If you see direct evidence of an incorrect rule used e.g.  it is M0

         You will see attempts from which can be similarly marked.

          In this case look for      


A1:  Correct differentiation. Condone a missing left hand or it seen as  ,  or even = 0 


          or equivalent such as 

dM1: Score for setting their dV/dt = 0 (which must be in an appropriate form) and proceeding to an    equation where the variable t occurs only once – ignoring ln(t + 1).   
          See two examples of how this can be achieved below. It is dependent upon the previous M. 
         Look for the following steps
· 
An allowable derivative set (or implied) = 0      E.g.    
· Cross multiplication (or division) and rearrangement to form an equation where the 	               variable t only occurs once.                                                                                                                           


Ignoring the term in ln (t+1) it is scored for proceeding to a form where there is only one ''t'' term

 In both of these examples the first two lines have two terms in ''t''. 
The mark is awarded on line 3 where the ''t'' occurs only once. 

E.g.1.               


                     




  	E.g 2    


 



A1*:    Correctly proceeds to the given answer of   showing all key steps.
              The key steps must include 
· 

use of or which must be correct
· 

a correct line preceding the given answer, usually  or    

(c) (i)
M1: Attempts to use the iteration formula at least once. 

        Usually to find  which may be implied by awrt 7.44
A1: awrt 7.298. This alone will score both marks as iteration is implied. ISW after sight of this value. As t3 is the only value that rounds to 7.298 just score the rhs, it does not need to be labelled t3
(c)(ii)
A1: Uses repeated iteration until value established as awrt 7.33 seconds. Allow awrt  7.33 s
Requires units. It also requires some evidence of iteration which will be usually be awarded from 	       the award of the M 

86. June 2022 A level Pure Mathematics Pure 1 – Q15

	Question
	Scheme
	Marks
	AOs

	15 (a)
	
Sets up an allowable equation using volume  = 240                                 E.g.  o.e.
	M1
A1
	3.4
1.1b

	
	
Attempts to substitute their  into

             
	dM1
	3.4

	
	
          *
	A1*
	2.1

	
	
	(4)
	

	(b)
	
                     
	M1
A1
	3.1a
1.1b

	
	
Sets  

   
	dM1
A1
	2.1
1.1b

	
	
	(4)
	

	(c)
	

Attempts to substitute their positive  into  
and considers its value or sign
	M1
	1.1b

	
	

E.g. Correct  with  proving a minimum value of S
	A1
	1.1b

	
	
	(2)
	

	(10 marks)

	Notes:








[image: ]




 













(a)
M1: Attempts to use the fact that the volume of the toy is 240 cm3



         Sight of   leading to  or  scores this mark 



         But condone an equation of the correct form so allow for  or 


A1:  A correct expression for  or   which may be left unsimplified. 

         This may be implied when you see an expression for S or part of S    E.g   


dM1: Attempts to substitute their  o.e. such as into a correct expression for S  

            Sight of  with an appropriate substitution 

	Simplified versions such as  used with an appropriate substitution is fine. 
A1*:  Correct work leading to the given result.
            S = , SA = or surface area = must be seen at least once in the correct place  
           The method must be made clear so expect to see evidence. For example

	 would be fine. 


(b)      There is no requirement to see  in part (b). It may even be called  . 

M1:  Achieves a derivative of the form  where p and q are non- zero constants

A1:   Achieves  



dM1:  Sets or implies that their  and proceeds to . It is dependent upon a correct attempt at differentiation. This mark may be implied by a correct answer to their 


A1:  or  
(c)


M1: Attempts to substitute their positive (found in (b)) into   where e and f are non zero and finds its value or sign.


Alternatively considers the sign of  (at their positive found in (b))          


 Condone the  to be  or being absent, but only for this mark.

A1:  States that  proving a minimum value of S


        This is dependent upon having achieved and a correct  




       It can be argued without finding the value of . E.g. , so       minimum value of S.  For consistency it is also dependent upon having achieved 

       Do NOT allow for this mark



87. June 2022 A level Pure Mathematics Pure 2 – Q9

	Question
	Scheme
	Marks
	AOs

	9(a)
	

Deduces that  or 
	B1
	3.4

	
	

Deduces that  and 
	B1
	3.4

	
	

Uses    E.g. 
	M1
	3.4

	
	

	A1
	3.3

	
	
	(4)
	

	(b)
	E.g. the minimum height above the ground of the passenger on the original model was 0 m 
or 
Adding “d” means the passenger does not touch the ground.
	B1
	3.5b

	
	
	(1)
	

	(5 marks)

	Notes:


(a) Note that B0B1 is not possible


B1: Uses the equation of the given model to deduce that  or o.e.
       May be seen embedded within their equation.


B1: Uses the equation of the given model to deduce that  and o.e.
       May be seen embedded within their equation.

M1: Uses t = 0 and H = 1 in the equation of the model to find a value for.

        Follow through on their value for A. Allow for where α is in degrees 
        or radians.

        Note that in radians  (0.0200…) which may appear incorrect but is in fact ok.
        Also in degrees a value of e.g. 1.14 (truncated) would indicate the method.

A1: Writes down the correct full equation of the model:   o.e. 
       Condone omission of degrees symbol and allow awrt 1.15 for α.
       Allow if a correct equation is seen anywhere in their solution.
(b)
B1: Gives a suitable explanation with no contradictory statements.
      Condone “so that pod/capsule/seat/passenger/ferris wheel/it etc. will not hit/touch the ground”



88. June 2022 A level Pure Mathematics Pure 2 – Q14

	Question
	Scheme
	Marks
	AOs

	14(a)
	

	M1
	1.1b

	
	

Either   or 
	A1
	1.1b

	
	

	A1
	1.1b

	
	
	(3)
	

	(b)
	

	B1
	1.1a

	
	
 
	M1
	3.1a

	
	

	A1ft
	1.1b

	
	
Substitutes 
	M1
	3.4

	
	



	A1*
	2.1

	
	
	(5)
	

	
	(b) Alternative separation of variables:
	
	

	
	

	B1
	1.1a

	
	

	M1
	3.1a

	
	

	A1ft
	1.1b

	
	
Substitutes 
	M1
	3.4

	
	



	A1*
	2.1

	
	
	(5)
	

	(c)
	(i) 30 (minutes)
	B1
	3.2a

	
	(ii) 6 (m3)
	B1
	3.4

	
	
	(2)
	

	(10 marks)

	Notes:


(a)
M1: Correct method of partial fractions leading to values for their A and B 

        E.g. substitution: 

        Or compare coefficients 

        Note that  scores M0
A1:  Correct value for “A” or “B”


A1: Correct partial fractions not just values for “A” and “B”.  or e.g.  
       Must be seen as fractions but if not stated here, allow if the correct fractions appear later.
(b)

B1: Separates variables . May be implied by later work.
       Condone omission of the integral signs but the dV and dt must be in the correct positions if 
      awarding this mark in isolation but they may be implied by subsequent work.
M1: Correct attempt at integration of the partial fractions. 

        Look for  where … are constants.
        Condone missing brackets around the (2t – 1) and/or the (t + 1) for this mark
A1ft: Fully correct equation following through their A and B only.
         No requirement for +c here.
         The brackets around the (2t – 1) and/or the (t + 1) must be seen or implied for this mark

M1: Attempts to find ''c'' or e.g. “ln k” using  following an attempt at integration.

        Condone poor algebra as long as is used to find a value of their constant.
        Note that the constant may be found immediately after integrating or e.g. after the ln’s have 
        been combined.

A1*: Correct processing leading to the given answer 
Alternative: 

B1: Separates variables . May be implied by later work.
       Condone omission of the integral signs but the dV and dt must be in the correct positions if 
      awarding this mark in isolation but they may be implied by subsequent work.
M1: Correct attempt at integration of the partial fractions.

        Look for  where … are constants.
        Condone missing brackets around the (2t – 1) and/or the (t + 1) for this mark
A1ft: Fully correct equation following through their A and B only.
          No requirement for +c here.
         The brackets around the (2t – 1) and/or the (t + 1) must be seen or implied for this mark

M1: Attempts to find ''c'' or e.g. “ln k” using  following an attempt at integration.

        Condone poor algebra as long as is used to find a value of their constant.
        Note that the constant may be found immediately after integrating or e.g. after the ln’s have 
        been combined.

A1*: Correct processing leading to the given answer 
(Note the working may look like this:

             

                  )
 Note that B0M1A1M1A1 is not possible in (b) as the B1 must be implied if all the other marks have been awarded.
Note also that some candidates may use different variables in (b) e.g. 

 etc. In such cases you should award marks for equivalent work but they must revert to the given variables at the end to score the final mark.
Also if e.g. a “t” becomes an “x” within their working but is recovered allow full marks.



(c)
B1: Deduces 30 minutes. Units not required so just look for 30 but allow equivalents e.g. ½ an hour.
       If units are given they must be correct so do not allow e.g. 30 hours.
B1: Deduces 6 m3. Units not required so just look for 6. Condone V < 6 or V ≤ 6
       If units are given they must be correct so do not allow e.g. 6 m.


89. October 2020 A level Pure Mathematics Pure 1 – Q5
	Question
	Scheme
	Marks
	AOs

	5 (a)
	
Uses  
	M1
	3.1b

	
	
Uses  
	M1
	3.4

	
	                                   = 62.8 (km h -1 )                                
	A1
	1.1b

	
	
	(3)
	

	(b)
	
Uses  
	M1
	3.1b

	
	

Uses   or  
	M1
	3.4

	
	                                   = 86.7 (km h -1 )                                
	A1
	1.1b

	
	
	(3)
	

	(6 marks)

	Notes:
 



(a)

M1:  Translates the problem into maths using nth term   and attempts to find d   


         Look for either  or an attempt at  condoning slips


         It is implied by use of   Note that  is M0

M1:  Uses the model to find the fastest speed the car can go in 3rd gear using  or equivalent.
         This can be awarded following an incorrect method of finding  ''d'' 

A1:    62.8 km/ h   Lack of units are condoned.  Allow exact alternatives such as                            
(b)

M1: Translates the problem into maths using nth term   and attempts to find r   
         It must use the 1st and 6th gear and not the 3rd gear found in part (a) 


         Look for either   o.e.  or  condoning slips.

         It is implied by stating or using    


M1: Uses the model to find the fastest speed the car can go in 5th gear using  or  o.e.
         This can be awarded following an incorrect method of finding ''r''
          A common misread seems to be finding the fastest speed the car can go in 3rd gear as in (a). 


          Providing it is clear what has been done, e.g.  it can be awarded this mark.  
A1: awrt 86.7 km/h     Lack of units are condoned. Expressions must be evaluated.                                                      


90. October 2020 A level Pure Mathematics Pure 1 – Q6

	Question
	Scheme
	Marks
	AOs

	6 (a)         
	
              
	B1
	1.1b

	
	
           
	M1 
	1.1b

	
	
                                
	A1
	1.1b

	
	
	(3)
	

	
	
              
	
	

	(b) 
	

                     or awrt 7.24                          
	B1ft 
	2.2a

	
	
	(1)
	

	(c)
	

	M1
	3.1b

	
	
                                      
	A1
	1.1b

	
	Either 13:14 or 1:14 pm or 13 hours 14 minutes after midnight.
	A1
	3.2a

	
	
	(3)
	

	(7 marks)

	Notes:



(a)

B1:  only. 



M1: Proceeds to a value of  from OR 
         It is implied by either awrt 1.11 (radians) or 63.4 (degrees)

A1: 
(b)


B1ft:  Deduces that the maximum temperature is  or awrt 7.24  Remember to isw

           Condone a lack of units. Follow through on their value of R so allow                         
(c) 

M1:  An complete strategy to find t from  
         Follow through on their 1.107 but the angle must be in radians.

         It is possible via degrees but only using  

A1:   awrt 
A1:   The question asks for the time of day so accept either 13:14, 1:14 pm, 13 hours 14 minutes after                                       midnight, 13h 14,  or 1 hour 14 minutes after midday. If in doubt use review 
..................................................................................................................................................................
It is possible to attempt parts (b) and (c) via differentiation but it is unlikely to yield correct results.

   scores M1 A1 A1

   they can score M1 A0 A1 (SC) 

A value of  implies the minimum value has been found and therefore incorrect method M0.
.................................................................................................................................................................


91. October 2020 A level Pure Mathematics Pure 1 – Q14
	Question
	Scheme
	Marks
	AOs

	14 (a)
	
Uses the model to state   (for positive constant c) 
	B1
	3.1b

	
	


Uses with their and 

	M1
	2.1

	
	
   *
	A1*
	2.2a

	
	
	(3)
	

	(b)
	
 and integrates with one side ''correct''                      
	M1
	2.1

	
	
                  
	A1
	1.1b

	
	

Uses                               
	M1
	1.1b

	
	
 Uses                                           
	M1
	3.4

	
	
                                    or exact equivalent
	A1
	3.3

	
	
	(5)
	

	(c)
	
Uses the equation of their model and proceeds to a limiting value for t           E.g. 
	M1
	3.4

	
	
                             For times up to and including  seconds
	A1ft
	3.5b

	
	
	(2)
	

	(10 marks)

	Notes:






(a)

B1: Uses the model to state   (for positive constant c). 
      Any ''letter'' is acceptable here including k.

      Note that is B0 unless they state that c is a negative constant.



M1: For an attempt to use with their and 



       Allow for an attempt to use with their and (Any constant is fine)
       There is no requirement to use the correct formula for the volume of a sphere for this mark. 

A1*: Proceeds to the given answer with an intermediate line equivalent to  





        If candidate started with they must provide a minimal explanation how         	. E.g is a constant so replace  with 

          It is not necessary to use the full formula for the volume of a sphere, eg allow  but if it 

         has been quoted it must be correct. So using can potentially score 2 of the 3 marks. 
(b)
M1: For the key step of separating the variables correctly AND integrating one side with at least one index 	correct. The integral signs do not need to be seen.


A1: Correct integration E.g.  or equivalent. The  is not required for this mark.
       This may be awarded if k has been given a value. 

M1: Uses the initial conditions to find a value for the constant of integration 
If a constant of integration is not present, or k has been given a pre defined value, then only the first two marks can be awarded in part (b)     
       The mark may be awarded if the equation has been adapted incorrectly. E.g. each term cube rooted. 
M1: Uses the second set of conditions with their value of  to find k
       This may be awarded if the equation has been adapted incorrectly. E.g. each term cube rooted. 
A1:  Obtains any correct equation for the model. 


         E.g.  or exact equivalent such as .


        ISW after sight of a correct answer. Condone recurring decimals e.g.  for 

        Do not award if only the rounded/truncated decimal equivalents to say  is used. 
 (c)


M1: Recognises that the model is only valid when  and uses this to find t. Condone 
       Award for an attempt to find the value of t when r =0. See scheme. 

     It must be from an equation of the form which give + ve values of t. 



A1ft: Allow valid for times up to (and including) seconds, 5.71 seconds.  Allow or 
       There is no requirement for the left hand side of the inequality, 0

        States invalid for times greater thanseconds, 5.71 seconds.

 Follow through on their equation so allow  as long as this value is greater than 5       ( t = 5 is one of the values in the question)


92. October 2020 A level Pure Mathematics Pure 2 – Q9

	Question
	Scheme
	Marks
	AOs

	9(a)         

	

or


	M1
	3.1b

	
	

and


and


	M1
	3.1a

	
	At least one of: A = 69.6, B = 51.6 but allow awrt 70/awrt 52
	A1
M1 on EPEN
	1.1b

	
	

	A1
	3.3

	
	
	(4)
	

	(b)
	The maximum temperature is “69.6”(°C) (according to the model)
(The model has an) upper limit of “69.6”(°C)
(The model suggests that) the boiling point is “69.6”(°C)
	B1ft
	3.4

	
	Model is not appropriate as 69.6(°C) is much lower than 78(°C)
	B1ft
	3.5a

	
	
	(2)
	

	(6 marks)


Notes:
(a)
M1: Makes the first key step in the solution of the problem. Substitutes t = 0 and θ = 18  or  t = 10 and θ = 44 into the 
        equation of the model to obtain an equation connecting  A and B. 
        Note that 18 = A – Be0 scores M0 unless 18 = A – B is seen or implied later.
        If they do not obtain an equation in A and B using the first conditions e.g. they have 18 = A – 1 then they can 

        score this mark if they substitute A = 19 directly into as an equation in A and B is implied.
M1: Substitutes t = 0 and θ = 18 and  t = 10 and θ = 44 to obtain 2 equations connecting A and B and then proceeds 
        to solves their equations in A and B simultaneously to obtain values for both constants. Do not be too concerned 
        with the processing as long as values for A and B are obtained.
A1(M1 on EPEN): For A = awrt 70  or  B = awrt 52 

A1:  For  Must be a fully correct equation as shown but allow recovery if seen in (b).
        Note that some candidates evaluate e0 as 0 and so obtain A = 18 and then write 44 = 18 – Be-0.7 and solve for B. 
        Such attempts can score M1M0A0A0 only.
(b) 
B1ft: Identifies A as the boiling point/maximum temperature in the model. Follow through their A.
B1ft: Makes a valid conclusion (valid/not valid, good/not good etc.) that refers to the 78 and includes a reference to a 
          significant/large difference

Alternative provided their A < 78


B1ft: 


 and  and makes a reference to the fact that the equation cannot be solved or e.g. cannot take log of a negative number. You can condone numerical slips in the calculation.
B1ft: Model is not appropriate as 69.6(°C) is much lower than 78(°C)
Minimum for both marks: The model is not appropriate as “69.6”(°C) is much lower than 78(°C)
Note that these marks are not available if their equation is solvable. Note also that B0B1 is not possible.


93. October 2020 A level Pure Mathematics Pure 2 – Q12

	Question
	Scheme
	Marks
	AOs

	12(a)(i)

	

	
M1

	
1.2


	
	
(Area =)  
or


	dM1
	1.1b

	
	
(Area = ) *
	A1*
	2.1*

	
	
	(3)
	

	(a)(ii)
	

	M1
A1
	1.1b
1.1b

	
	
Area =  *
	A1*
	2.1

	
	
	(3)
	

	(b)
	

	M1
	3.4

	
	

	A1
	1.1b

	
	Attempts to finds the x values at both t values 
	dM1
	3.4

	
	
                                 

                                  
	A1
	1.1b

	
	Width of path = 2.40 metres
	A1
	3.2a

	
	
	(5)
	

	(11 marks)



Notes:
(a)(i)



M1: Attempts to multiply y by to obtain  but may apply  here

dM1: Attempts to use  within an integral which may be implied by 

          e.g.  
A1*: Fully correct work leading to the given answer. 


         This must include  or e.g.  seen explicitly in their proof and a correct 
         intermediate line that includes an integral sign and the “dt”
         Allow the limits to just “appear” in the final answer e.g. working need not be shown for the limits.
(a)(ii)


M1: Obtains . This may be attempted via a substitution of u = cos t to obtain 

A1: Correct integration or equivalent e.g. -20u3

A1*: Rigorous proof with all aspects correct including the correct limits and the and

         not just:   
(b)


M1: Uses the given model and attempts to find value(s) of t when  Look for 

A1: At least one correct value for t, correct to 2 dp. FYI  or in degrees  t = 28.57…, 61.42…

dM1: Attempts to find TWO distinct values of x when sin 2t =  Condone poor trig work and allow this mark if 2 
          values of x are attempted from 2 values of t.
A1: Both values correct to 2 dp. NB x = 2.869…,  5.269…


Or may take Cartesian approach 
M1: For converting to Cartesian form   A1: Correct quartic  M1: Solves quartic  A1: Correct values

A1: 2.40 metres or 240 cm
       Allow awrt 2.40 m or allow 2.4m (not awrt 2.4 m) and allow awrt 240 cm. Units are required.
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