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1(i)    3 2 22 7 7 16a a a− + + = 0
leading to  ,      3 8a = − 2a = −
 
(ii)  

3 21 1 12 7 14 16
2 2 2

21

⎛ ⎞ ⎛ ⎞ ⎛ ⎞− − − − − +⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠
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M1 
A1 
         [2] 
 
 
M1 
 
A1 
         [2] 

M1 for use of x = a 
 
 
 

M1 for substitution of 1
2

x = −  

2  (i)                              (ii) 
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⎜

=        
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3 2 4 3 3
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B1,B1 
         [2] 
 
 
B2,1,0 
 
         [2] 

B1 for each matrix, must be in 
correct order 
 
 
-1 for each error 
 

3   ( ) (24 2 1 4 2k k+ = + )
0     24 3 1k k+ − =

leading to k = 1,
4
1
−  

           

M1 
A1 
 
M1 
A1 
         [4] 
 

M1 for use of ‘ ’  acb 42 −
Correct quadratic equation 
 
M1 for correct attempt at solution 
A1 for both l values 
 

4  ( )  2 213 3 3 43y y− + =

(or ( )2
2 13

43
3

x
x

−
+ = ) 

( )26 2 13 21 0y y− + =  

(or ) ( )22 2 13 20 0x x− + =

( )( )2 7 3y y− − = 0  

(or ( )  ( )2 5 4 0x x− − =

7 53 or    or 4
2 2

y x⎛ ⎞= =⎜ ⎟
⎝ ⎠

 

( or 5 74 or    or 3
2 2

x y⎛ ⎞= =⎜
⎝

⎟
⎠

) 

M1 
 
 
 
 
A1 
 
 
M1 
 
 
A1,A1 
 
 
         [5] 

M1 for eliminating one variable 
 
 
 
 
A1 for correct quadratic 
 
 
M1 for correct attempt at solving 
quadratic 
 
A1 for each correct pair 

5  (i)  ( ) ( ) 222323
22
=−++  

                AC = 22  
 

   (ii)  
23
23tan

+
−

=A  

 

 ( )
( )23)23(

23)23(
−+
−− =     11 6 2

7
−  

 

M1 
 
A1 
         [2] 
 
M1 
 
 
M1, A1 
 
         [3] 

M1 for use of Pythagoras 
 
 
 
 
M1 for correct ratio 
 
 
M1 for rationalising 
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6  (i)      08103 2 =−− xx
              ( )( ) 0423 =−+ xx  

        critical values  4,
3
2

−  

         }4
3
2:{ ≤≤−= xxA  

(ii) 
             }3:{ ≥= xxB
            }43:{ ≤≤=∩ xxBA

M1 
 
 
A1 
 
A1 
         [3] 
 
B1 
B1 
         [2] 

M1 for attempt to solve quadratic 
 
 
A1 for critical values 
 
 
 
 
B1 for values of x that define B. 
B1 for attempt to combine the sets 
correctly and correct use of notation 

7  (i)      12878
13 =C

    
 
 (ii) 7 teachers, 1 student :   6 
 6 teachers, 2 students :105 2

6
6

7 CC ×

5 teachers, 3 students :420 3
6

5
7 CC ×

                531 

M1, A1 
         [2] 
 
B1 
B1 
B1 
 
B1  
         [4] 

M1 for correct C notation 
 
 
 
 
 
 

8 (i)   When t = 0, N = 1000 
 

(ii)          ktk
t
N −−= e1000

d
d  

when t = 0, 20
d
d

−=
t
N  leading to 

                
50
1

=k  

(iii)      kt−= e1000500
 

2
1ln50−=t   leading to 34.7 mins 

B1 
         [1] 
 
M1 
 
B1 
 
A1 
         [3] 
M1 
 
M1 
A1 
         [3] 

 
 
 
M1 for differentiation 
 

B1 for 20
d
d

−=
t
N  stated 

 
 
M1 for attempt to formulate 
equation using half life 
M1 for a correct attempt at solution  

9  (i)  ( )1920 2 1 2x×− −  
 
 

(ii)  2 1 2 lnx x x
x
+  

 
 
 
 
(iii)  

      
( )( ) ( )2

2

2sec 2 1 tan 2 1x x x
x

+ − +
 

B1,B1 
 
         [2] 
 
M1 
B1 
A1 
          
         [3] 
 
M1 
B1 
A1 
         [3] 

B1 for 20 and ( )191 2x−  
B1 for -2 
 
M1 for attempt to differentiate a 
product. 

B1 for 1
x

 

 
 
M1 for attempt to differentiate a 
quotient. 
B1 for differentiation of ( )tan 2 1x +
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10  (i) 249
d
d 2 +−= xx

x
y  

          at P grad = 7 
tangent  ( )173 −=− xy  
 
 
(ii) at Q ,  xxxx 22347 23 +−=−
leading to  04523 23 =+−− xxx
 
          ( )( ) 0431 2 −−+− xxx  
 
( )( )( ) 01431 =−+− xxx  

leading to 4 4,
3 3

x y= − = −
0  

 

 
M1 
A1 
M1 
A1 
         [4] 
 
 
M1 
 
B1,M1 
 
M1 
 
A1 
         [5] 

 
M1 for differentiation and attempt 
to find gradient 
M1 for attempt to find tangent 
equation, allow unsimplified 
 
 
 
M1 for equating tangent and curve 
equations 
B1 for realising ( x – 1) is a factor 
and attempt to factorise 
M1 for factorisation and attempt to 
solve quadratic 
A1 for both 

11 (a) sin costan cot
cos sin

θ θθ θ
θ θ

+ = +  

                     
2 2sin cos

cos sin
θ θ
θ θ
+

=  

                     1
cos sinθ θ

=  

 
                     cos ec secθ θ=  
 
(b)(i)  tan 3sinx x=  

            sin 3sin
cos

x x
x
=  

       sin  3sin cos 0x x x− =

leading to 1cos
3

x = ,  sin 0x =

o o70.5 ,289.5x = and  o180x =
 
(ii)   0eccos3cot2 2 =+ yy

( )22 cos ec 1 3cos ec 0y y− + =  
22cos ec 3cos ec 2 0y y+ − =

) =
 

 ( )  (2cos ec 1 cos ec 2 0y y− +

leading to 1sin
2

y = − , 7π 11π,
6 6

y =  

 
M1 
 
 
M1 
 
 
 
A1 
         [3] 
M1 
 
 
 
 
A1√A1 
B1 
 
         [4] 
 
M1 
 
 
M1 
M1 
A1,A1 
         [5] 

 
M1 for attempt to get in terms of sin 
and cos and attempt to get one 
fraction 
M1 for use of identity 
 
 
 
 
 

M1 for use of 
x
xx

cos
sintan =  

and correct attempt to solve 
 
 
√A1 on their  o70.5x =
B1 for  o180x =
 
 
M1 for use of correct identity 
 
M1 for attempt to solve quadratic 
M1 for dealing with cosec 
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12 EITHER 
(i) , leading to      2π 1000r h =

             2π
1000

r
h =  

 
(ii)  2π2π2 rrhA +=
leading to given answer 

r
rA 2000π2 2 +=  

(iii)  2

20004
d
d

r
r

r
A

−= π  

 when 2

20004   ,0
d
d

r
r

r
A

== π  

leading to r = 5.42 
 

(iv)  
2

2 3

d 40004π
d

A
r r

= +  

 
+ ve when r = 5.42 so min  value 
 
Amin=554 

 
M1 
 
A1 
         [2] 
 
M1 
A1 
         [2] 
 
M1 
A1 
DM1 
 
A1 
         [4] 
 
M1 
 
 
A1 
 
A1 
         [3] 

 
M1 for attempt to use volume 
 
 
 
 
M1for attempt to use surface area 
GIVEN ANSWER 
 
 
M1 for attempt to differentiate and 
set to 0 
DM1 for solution 
 
 
 
 
M1 for second derivative method or  
gradient method’ 
 
A1 for minimum, can be given if r 
incorrect but + ve  

12  OR   (i) xxy 2cos+=  

                  x
x
y 2sin21

d
d

−=  

     when 0
d
d

=
x
y , 

2
12sin =x  

        leading to 
12
5,

12
ππ

=x  

(ii)  Area = xxx d.2cos
12
π5

12
π
∫ +  

        =
12
π5

12
π

2

2sin
2
1

2 ⎥
⎦

⎤
⎢
⎣

⎡
+ xx  

        =
12

2π  

M1 
 
A1 
 
M1 
 
M1 
A1,A1 
         [6] 
 
M1 
 
 
 
A1,A1 
DM1 
 
A1 
         [5] 

M1 for attempt to differentiate 
 
 
 
M1 for setting to 0 and attempt to 
solve 
M1 for correct order of operations 
 
 
 
M1 for attempt to integrate 
 
 
 
A1for each term correct 
DM1 for correct use of limits 
(Trig terms cancel out) 
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