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1	 For each of the following curves, find the gradient at the point with x-coordinate 2.
	
	 	(i)	 y x

x
2 1
3

=
+

 [3]

	 (ii)	 y x4 92= +  [3]

2	 The acute angle A is such that tanA 2= .

	 	(i)	 Find the exact value of eccos A. [2]

	 (ii)	 The angle B is such that tan ( )A B 3+ = . Using an appropriate identity, find the exact value of tan B . 
 [3]

3	 (a)	 Given that t 3= , find the possible values of t2 1- .  [3]

	 (b)	 Solve the inequality x x2 3 22- + . [4]

4	 The mass, m grams, of a substance is increasing exponentially so that the mass at time t hours is given by 

250m e . t0 021= .

	 	(i)	  Find the time taken for the mass to increase to twice its initial value, and deduce the time taken for the 
mass to increase to 8 times its initial value. [3]

	 (ii)	 Find the rate at which the mass is increasing at the instant when the mass is 400 grams. [3]

5	

O 2 9 x

y

	

	 The diagram shows the curve y
x3 1
6

=
+

. The shaded region is bounded by the curve and the lines

	 ,x x2 9= =  and y 0= .

	 	(i)	 Show that the area of the shaded region is 4 7  square units. [4]

	 (ii)	  The shaded region is rotated completely about the x-axis. Show that the volume of the solid produced 
can be written in the form k nl 2, where the exact value of the constant k is to be determined. [5]
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6	 		(i)	  By sketching the curves y nl= x  and y x8 2 2= -  on a single diagram, show that the equation

nl 28 2x x= -

	 	 has exactly one real root. [3]

	 	(ii)	 Explain how your diagram shows that the root is between 1 and 2. [1]

	 (iii)	 Use the iterative formula

=
1+

4x nl
n n2

1- x ,

	 	  with a suitable starting value, to find the root. Show all your working and give the root correct to 
3 decimal places. [4]

	 (iv)	  The curves y nl= x  and y x8 2 2= -  are each translated by 2 units in the positive x-direction and then 
stretched by scale factor 4 in the y-direction. Find the coordinates of the point where the new curves 
intersect, giving each coordinate correct to 2 decimal places. [3]

7

O
xA

B

y

	 The diagram shows the curve with equation 

( )x y 4 ln= + ( )y2 3+ .

	 The curve crosses the x-axis at A and the y-axis at B.

				 	(i)	 Find an expression for y
x

d
d  in terms of y. [3]

				 (ii)	  Find the gradient of the curve at each of the points A and B, giving each answer correct to 2 decimal 
places. [5]

8	 The functions f and g are defined for all real values of x by 

( ) 4x x ax af 2 2= + +   and  ( ) 4 2x x ag = - ,

	 where a is a positive constant.

	 	(i)	 Find the range of f in terms of a. [4]

	 (ii)	 Given that (3) 69fg = , find the value of a and hence find the value of x such that ( )x xg 1 =- . [6]
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9	 		(i)	 Prove that 

( 45°) ( 2 2 )cos cos sin sin2
2
1 2/i i i i+ - - .

	
[4]

					 	(ii)	 Hence solve the equation 

( ) ( )cos6 45 3 2° cos sin2
2
1 i i i+ - - =

	 	 for °90 90°1 1i- . [3]

	 (iii)	 It is given that there are two values of i , where °90 90°1 1i- , satisfying the equation

( ) ( )cos k6 45 3° cos sin2
3
1

3
2

3
2i i i+ - - = ,

	 	 where k is a constant. Find the set of possible values of k. [3]
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Question Answer Marks Guidance 
1 (i)  Either  Attempt use of quotient rule M1 allow numerator wrong way round but needs minus sign in numerator 

and both terms in numerator  involving  x;   
for M1 condone minor errors such as absence of square in denominator, 
absence of brackets, … 

   
  Obtain  

2

3(2 1) 6

(2 1)

x x
x
 


 or equiv A1 
give A0 if necessary brackets absent unless subsequent calculation 
indicates their ‘presence’ 

     Substitute 2 to obtain 3
25  or 0.12  A1 or simplified equiv but A0 for final 2

3
5

  

    [3]  
   Or  Attempt use of product rule for  13 (2 1)x x   M1 allow sign error; condone no use of chain rule 

    Obtain 1 23(2 1) 6 (2 1)x x x     or equiv A1  

    Substitute 2 to obtain 3
25  or 0.12 A1 or simplified equiv 

      
1 (ii)  Differentiate to obtain form 2(4 9)nkx x   M1 any non-zero constants k and n (including 1 or 1

2  for n) 

   Obtain 
1
224 (4 9)x x   A1 or (unsimplified) equiv 

   Substitute 2 to obtain 8
5  or 1.6 A1 or simplified equiv but A0 for final 8

25
  

    [3]  
2 (i)  Either  Attempt to find exact value of sin A  M1 using right-angled triangle or identity or … 
     Obtain 1

2 5  or 5
4    or exact equiv A1 final 1

2 5 is A0; correct answer only earns M1A1 

    [2]  
   Or  Attempt use of identity 2 21 cot cosecA A   M1 using 1

2cot A  ; allow sign error in attempt at identity 

   Obtain 1
2 5  or 5

4   or exact equiv A1 final 1
2 5 is A0; correct answer only earns M1A1 

2 (ii)  
State or imply 

2 tan
3

1 2 tan

B
B





 B1 

 

   
Attempt solution of equation of form 

linear in 
3

linear in 

t
t
  M1 by sound process at least as far as tank B c  

   Obtain 1
7tan B  A1 answer must be exact; ignore subsequent attempt to find angle B 

    [3]  
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Question Answer Marks Guidance 
3 (a)  Substitute 3t   in 2 1t   and obtain value 5  B1 not awarded for final 5  nor for 5  

      
   Substitute 3t    in 2 1t   and apply modulus correctly 

to any negative value to obtain a positive value 
M1 with no modulus signs remaining 

      
   Obtain value 7 as final answer A1 not awarded for final 7  nor for 7  

NB: substitutions in 2 1t   will give 5 and 7 – this is 0/3, not MR; 

        a further step to 5 < t < 7 – B1 M1 A0; 
        answers 5, 7    –  this is B0 M0 A0  

    [3]  
      
3 (b)  Either  Attempt solution of linear equation or   

 inequality with signs of x different 
M1 

 

     Obtain critical value 2  A1 or equiv (exact or decimal approximation) 

      
      
   Or 1  Attempt to square both sides M1 obtaining at least 3 terms on each side 
   Obtain 2 22 2 2 6 2 18x x x x      A1 or equiv; or equation; condone  >  here 

      
      
   Or 2   Attempt sketches of 2y x   , 3 2y x   M1  

   Obtain 2x    at point of intersection A1 or equiv 

      
   Conclude with inequality of one of the following types: 

 
  

   
2, 2, ,

2 2

k kx k x k x x       M1 any integer k 

   Obtain 2x    or 2 x   as final answer A1 final answer 2
2

x   (or similar unsimplified version) is A0 

    [4]  
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Question Answer Marks Guidance 
4 (i)  Attempt process involving logarithm to solve 0.021e 2t   M1 with t the only variable; at least as far as 0.021 ln 2t  ; must be …= 2  

   Obtain 33 A1 or greater accuracy; ignore absence of, or wrong, units; final answer 
ln 2

0.021  is A0 

   State (or calculate separately to obtain)  99 B1√ following previous answer;  no need to include units 
    [3]  
4 (ii)  Differentiate to obtain 0.021e tk  M1 where k is any constant not equal to 250 
   Obtain 0.021250 0.021e t  A1 or simplified equiv 0.0215.25e t  
   Substitute to obtain 8.4 or 42

5   A1 or value rounding to 8.4 with no obvious error 
    [3]  
5 (i)  Integrate to obtain form 

1
2(3 1)k x   *M1 any non-zero constant k 

   Obtain 
1
24(3 1)x   A1 or (unsimplified) equiv;  or 

1
24u  following substitution 

   Apply the limits and subtract the right way round M1 dep *M 
      
   Obtain 4 28 4 7  and show at least one intermediate 

step in confirming 4 7  

A1 AG;  necessary detail required; decimal verification is A0;  

 92... 4 28 4 7 4 7    is A0;      92... 8 7 4 7 4 7    is A0 

    [4]  
5 (ii)  State or imply volume is 26

3 1
( ) d

x
x

  or equiv B1 merely stating 2 dy x  not enough;  condone absence of dx;  no need 

for limits yet;   may be implied by its later appearance 
   Integrate to obtain ln(3 1)k x   M1 any non-zero constant with or without   

   Obtain 12 ln(3 1)x   or 12ln(3 1)x   A1 or unsimplified equiv 

   Substitute limits correct way round and show each  
logarithm property correctly applied 

M1 allowing correct applications to incorrect result of integration providing 
natural logarithm involved;  evidence of ln 28

ln 7ln 28 ln 7   error means 

M0 
   Obtain 24 ln 2  A1 no need for explicit statement of value of k 
    [5]  
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Question Answer Marks Guidance 
6 (i)  Sketch more or less correct lny x  B1 existing for positive and negative y;  no need to indicate (1, 0); ignore 

any scales given on axes; condone graph touching y-axis but B0 if it 
crosses y-axis 

   Sketch more or less correct 28 2y x   B1 (roughly) symmetrical about y-axis;  extending, if minimally, into 
quadrants for which 0y  ;  no need to indicate ( 2, 0), (0, 8); assess 
each curve separately 

   Indicate intersection by some mark on diagram (just a 
‘blob’ sufficient) of by statement in words away from 
diagram 

B1 needs each curve to be (more or less) correct in the first quadrant and 
on curves being related to each other correctly there   

    [3]  
6 (ii)  Refer, in some way, to graphs crossing x-axis at 1x   and  

2x   and that intersection is between these values 
B1 AG; the values 1 and 2 may be assumed from part (i) if clearly marked 

there; dependent on curves being (more or less) correct in first 
quadrant; carrying out the sign-change routine is B0 

    [1]  
6 (iii)  Obtain correct first iterate B1 to at least 3 dp (except in the case of starting value 1 leading to 2) 
      
   Show correct iterative process M1 involving at least 3 iterates in all;  may be implied by plausible 

converging values 
   Obtain at least 3 correct iterates A1 allowing recovery after error;  iterates given to at least 3 dp;  values 

may be rounded or truncated 
   Conclude with 1.917 A1 answer required to exactly 3 dp; answer only with no evidence of 

process is 0/4 
    [4]  
   1 2 1.91139 1.91731... 1.91690... 1.91693...      

1.5 1.94865... 1.91479... 1.91707... 1.91692...     
2 1.91139... 1.91731... 1.91690... 1.91693...        

6 (iv)  Obtain 3.92 or greater accuracy B1√ following their answer to part (iii) 
   Attempt  4 ln(part (iii) answer)   M1  

   Obtain y-coordinate 2.60 A1 value required to exactly 2 dp (so A0 for 2.6 and 2.603)    
    [3]  
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Question Answer Marks Guidance 
7 (i)  Attempt use of product rule M1 to produce expression of form 

linear in 
(something non-zero)ln(2 3)

linear in 

yy
y

   ; ignore what they call 

their derivative 
   Obtain ln(2 3)y   … A1 with brackets included  

   
Obtain  … 

2( 4)

2 3

y
y





 A1 with brackets included as necessary 

    [3]  
7 (ii)  Substitute 0y  into attempt from part (i) or into their 

attempt (however poor) at its reciprocal 

 
M1 

 

      
   Obtain 0.27 for gradient at A  A1 or greater accuracy 0.26558…; beware of ‘correct’ answer coming 

from incorrect version 8
3ln(2 3)y    of answer in part (i) 

   Attempt to find value of y for which 0x    M1 allowing process leading only to 4y     

      
   Substitute 1y    into attempt from part (i) or into their 

attempt (however poor) at its reciprocal 

M1  

   Obtain 0.17 or 1
6   for gradient at B A1 or greater accuracy 0.16666…; value following from correct working 

    [5]  
8 (i)  Attempt completion of square at least as far as 2( 2 )x a   

or differentiation to find stationary point at least as far as 
linear equation involving two terms  

 
 

*M1 

 
 
or equiv but a must be present 

   Obtain 2 2( 2 ) 3x a a   or 2( 2 , 3 )a a   A1  

   Attempt inequality involving appropriate y-value M1 dep *M; allow <, > or   here; allow use of x; or unsimplified equiv 
   State 23y a   or 2f ( ) 3x a   A1 now with  ; here 23x a   is A0 

    [4]  
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Question Answer Marks Guidance 
8 (ii)  Attempt composition of f and g the right way round *M1 algebraic or (part) numerical; need to see 4 2x a  replacing x at least 

once 
   Obtain or imply 2 216 3x a  or 2144 3a  A1 or less simplified equiv but with at least the brackets expanded 

correctly 
   Attempt to find a from fg(3) 69  M1 dep *M 

   Obtain at least 5a   A1  
   Attempt to solve 4 10x x   or 1

4 ( 10)x x   or 
1
44 10 ( 10)x x     

 
M1 

 
for their a; must be linear equation in one variable; condone sign slip in 
finding inverse of g 

   Obtain 10
3  A1 and no other answer 

    [6]  
9 (i)  State cos cos 45 sin sin 45    B1 or equiv including use of decimal approximation for 1

2
  

   Use correct identity for sin 2  or cos 2  B1 must be used; not earned for just a separate statement 
   Attempt complete simplification of left-hand side M1 with relevant identities but allowing sign errors, and showing two terms 

involving sin cos    
   Obtain 2sin   A1 AG;  necessary detail needed 

    [4]  
9 (ii)  Use identity to produce equation of form 1

2sin c   M1 condoning single value of constant c here (including values outside the 
range 1  to 1); M0 for sin c   unless value(s) are subsequently 
doubled 

   Obtain 70.5  or 70.6 A1 or greater accuracy 70.528… 
   Obtain 70.5  or  –70.6  A1√ or greater accuracy  –70.528…; following first answer; and no other 

answer between –90 and 90;  
answer(s) only : 0/3  

    [3]  
9 (iii)  State or imply 2 1

36sin k   B1  

   Attempt to relate k to at least 26sin 30  M1  

   Obtain 3
20 k   A1 condone use of    

    [3]  
 


