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Question Answer Marks Guidance 

6(d) ( )4 2 2 23sin sin4 = −r rr r   

3

3

3
4= −

y y
r

r r
 

M1  

 

Uses sin=y r  

 ( ) ( )
2

2 2 2 23+ = −x y y x y   
M1  Uses 

2 2 2= +r x y   

  A1 Rearranges to a form with no fractions. 

  3  

    

Question Answer Marks Guidance 

7(a) 3 31 1
2 2 2 2

5, 5= − − = − +x x   B1  Vertical asymptotes. 

 0=y   B1 Horizontal asymptote. 

  2  

7(b) 

( )

2

2
2

d ( 3 1)(1) ( 2)(2 3)

d 3 1

+ + − + +
=

+ +

y x x x x

x x x
  

M1 
Finds 

d
.

d

y

x
  

 2 4 5 0+ + =x x   M1 Sets equal to 0 and forms quadratic 
equation. 

 Discriminant is 
24 20 4 0− = −   so no real roots.  A1 AG 

  3  

1
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7(c)  

 
 

B1 Axes and asymptotes labelled.  

B1 Correct shape and position.  

B1 States coordinates of intersections with 

axes, ( )0,2 and ( )2,0 ,−  may be seen on 

diagram. 

  3  

y

x

2
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7(d)  

 
 

B1FT FT from sketch in part 7(c) 

B1 From a correct graph and with correct 

shape at ( )2,0− . 

  2  

7(e) 
2

2
2

3 1

+
=

+ +

x

x x
 or 

2

2
2

3 1

+
= −

+ +

x

x x
  

22 5 0− − =x x  or 
2 02 47+ + =x x  

M2 Finds critical points, award M1 for each 

case. 

 5
2
, 0= − =x x  or 7 71 1

4 4 4 4
17, 17= − − = − +x x   A1  

 7 5 71 1
4 4 2 4 4

17 , 17 0− −   − − +  x x  , 3 1
2 2

5−x  A1 7 31 1
4 4 2 2

17 5,− −   − −x  

3 51
2 2 2

5 ,− −   −x  

7 31 1
4 4 2 2

17 5,− +   − +x  

3 1
2 2

5 0.− +  x  

  4  

 

y

x

3
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7(a) 1= −x     B1  Vertical asymptote. 

 ( 1) 1

1

+ +
=

+

x x
y

x
  

M1  Oblique asymptote. 

 =y x  A1  

  3  

7(b) 

( )

2

2

d 2
0

d 1

+
= =

+

y x x

x x
  

M1 
Sets 

d
0.

d
=

y

x
  

 ( )0,1 ,  ( )2, 3− −   A1 A1 1 mark for each correct coordinate. 

SCB1 if just the correct x values listed 

  3  

4
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7(c) 

 

B1FT Axes and asymptotes labelled.  

B1 Left branch correct with all approaches 
to the asymptotes correct. 

B1 Right branch correct with a smooth 

minimum point.  

  3  

5
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7(d) 

 

B1FT Symmetrical about x = 0 and follow 

through from part (c) right branch 

B1 Correct shape of a curve and smooth at 

(0,1) from a correct graph in part (c) 

  2  

7(e) 2 1
3

1

+ +
=

+

x x

x
 

2 2 2 0− − =x x  

M1 Finds critical point.  

 1 3= +x    A1 For selecting just the positive value of 

x. 

 1 3 1 3−  − +x   A1  

  3  
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6(c) 1
2

cos sin =y   B1 Uses sin=y r . 

 1 1 1
2 2 2

cos cos sin sin 0   − =   M1* Differentiates. 

 A1 Correct and equal to zero. 

 ( )2 21 1
2 2

1 1
2 2

cos 2cos 1 sin cos 0   − − =  

2 21
2

1 1
2 2

cos 0 2cos 1 sin 0    − − =

( )21 12 21
2 2 2

2cos 1 1 cos 0 3cos 2 0  − − − =  − =  

DM1  

 

 

Forms an equation in one trig ratio using correct 

formulae. (May be in terms of sin or tan) 

 
2

2 1 2
cos

3
 =   

A1 
Solving equation to find one of 

2

2 1 1
sin

3
 =

2

2 1 1

2
tan  =  

2 2
sin

3
 =

1
cos

3
 =  

 ( )2 1 1 2 2 4 1
2 2 3 3 3 3

2cos sin 2 1 = = − =y   A1 Accept 4
9

3 .  

  6  

    

Question Answer Marks Guidance 

7(a) 1.8=x  B1  

 ( )( ) 5
27
571

10

7 27
0

0 10 18

10 18

1 18
= + −

−

− + −
=

−

x x
y x

xx
 

M1 Must be an attempt to find the constant term. 

 0.7= +y x  A1  

  3  

6
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7(b) 

( )
2

2d 100 360 378

d 10 18

− +
=

−

y x x

x x
 

M1 Differentiates. 

 
250 180 189 0− + =x x  

( )
2

d 54
or 1

d 10 18

 
 = +
 − 

y

x x
 

A1 Forms quadratic equation if using discriminant 

method. (Or writes 
d

d

y

x
 in a form to show it is positive) 

 2180 4(50)(189) 5400 0− = −   (or ' 0y  )   No stationary points  M1 A1 Consideration of discriminant or sign of 'y  with 

correct conclusion. 

  4  

7
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7(c) 

 

B1 Axes and asymptotes labelled.  

B1 Branches correct.  

 (0,1),  ( 0.9,0),−  ( )2,0   B1 May be seen on their diagram. 

   3  

x

y

8
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7(d)  

 

B1 FT from their attempt in (c). 

 B1 Everything correct with sharp changes of direction at 
intersections with x axis. 

   2  

7(e) 210 11 18 29 4441
4

10 18 20


 − − −
= −  =

− 

x x
x

x
 

  

 210 11 18
4

10 18

− −
=

−

x x

x
  

M1 Forms an equation to find required critical values for 
x . 

 

 210 51 54 0− + =x x   A1  

 3
2
,=p  18

5
=q  A1  3 18

2 5
,= =x x  

 A1 ,p q  clearly identified in correct order. 

  4  

 

x

y

9
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7(a) 1
2
,= −x  4=x   

B1  Vertical asymptotes. 

 1=y   B1 Horizontal asymptote. 

  2  

7(b) 

( )

2 2

2
2

d (2 7 4)(4 5) (2 5 )(4 7)

d 2 7 4

− − − − − −
=

− −

y x x x x x x

x x x
  

M1 
Finds 

d
.

d

y

x
  

 24 16 20 0+ − =x x   M1 Sets equal to 0 and forms equation. 

 ( )25
27

5,−  ( )1
3

1,  A1 A1  

  4  

10
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7(c)  

 
 

B1 Axes and asymptotes labelled. 

B1 Correct shape and position.  

  ( ) ( )5
2

0,0 , ,0   B1 States coordinates of intersections with axes. 

May be seen on their diagram. 

  3  

7(d)  

 
 

B1 Correct shape and position. 

  1  

y

y

x

x
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7(e) 2

2

2 5 1

92 7 4

−
=

− −

x x

x x
 or 

2

2

2 5 1

92 7 4

−
= −

− −

x x

x x
 

216 38 4 0− + =x x  or 2 2 4 020 5− − =x x   

M2 Finds critical points, award M1 for each case. 

 19 3 19 3
16 16 16 16

, 333 3= + = −x x  or 
13 3 13 3
10 10 10 10

, 121 2= + = −x x   
A1 A1  

 13 3 19 3
10 10 16 16

21 33,− − x  
19 3 13 3
16 16 10 10

33 21+ + x  
A1  

  5  

 

 11
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5(b) 64 4 6

2 1 2

9 9 88

+    
    

= + = + − = −    
     +    

t

OF OP PF t t

t

 

M1 A1FT Uses OP   and multiple of their normal to .Π  

 ( ) ( ) ( )6 4 6 2 8 9 8 7 101 94 7t t t t+ − − + + = −  + = −  M1 Substitutes into the equation for .Π  

 2

1 3

1

− 
 

= −  =  
 
 

t OF  

A1  

  4  

5(c) 3 6

5 1 35 101cos cos
35 101

1 8

5
 

   
   

− =   
   −  

 =



 

M1 A1FT Uses dot product of 3 5+ −i j k  and their normal 

in a correct formula. 

 Acute angle between l  and Π is 90 4.8 − =  A1 Mark final answer. No ISW 

  3  

    

Question Answer Marks Guidance 

6(a) =−x a   B1 States vertical asymptote. 

 ( ) 2 2( )+ − + + +
= = − +

+ +

x a x a a a a a
y x a

x a x a
  

M1 Finds oblique asymptote.  

 = −y x a   A1  

  3  
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6(b) 2 2d
1 ( )( ) 0

d

−= − + + =
y

a a x a
x

 or 2 2 0+ − =x ax a   
M1  Differentiates 

 

 A1 Sets correct derivative to zero or ACF of 

quadratic equation  

 2= − +x a a a   
A1 CAO. No equivalent forms. 

  3  

6(c) 

  

B1FT Axes shown and asymptotes labelled.  

FT on asymptotes from (a) 

B1 Lower branch correct. 

B1 Upper branch with (0,1)  stated or 1 marked on 

vertical axis and no others.  

   3  

y

1

x

12
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6(d) 

  

B1FT FT from sketch in (c) 

  1  

6(e) 2 +
=

+

x a
a

x a
  

2 2 0− + − =x ax a a   

M1 Finds critical points.  

 
Or 

2
2 2 0

+
= −  + + + =

+

x a
a x ax a a

x a
 

B1 Quadratic equation sufficient for B1. ISW  

May state that 
2 +

= −
+

x a
a

x a
 has no real solutions 

since 0.a   

 ( )2 2 24 5 4 0− − = − a a a a a   M1 Uses that discriminant is positive to get a range 

of values for a. 

Can not be 0  so M0. 

 4
5
.a   A1  

  4  

1

xy

13


