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1	 (i)	 Express x x3

2

1

3

-
+
+

 as a single fraction in its simplest form. [2]

	 (ii)	 Hence express x x x
x x

3

2

1

3

121

8 33
2

2

#
-
+
+ -

+ -c m  as a single fraction in its lowest terms. [3]

2	 A triangle has vertices at A (1, 1, 3), B (5, 9, −5) and C (6, 5, −4). P is the point on AB such that AP : PB = 3 : 1.

	 (i)	 Show that CP  is perpendicular to AB . [4]

	 (ii)	 Find the area of the triangle ABC. [2]

3	 The equation of a curve is e cosy xx2= . Find x
y

d
d

 and hence find the coordinates of any stationary points for
	 which xG Gr r- . Give your answers correct to 3 significant figures. [6]

4	 (i)	 Find the first three terms in the binomial expansion of 8 9x 3

2

-^ h  in ascending powers of x. [4]

	 (ii)	 State the set of values of x for which this expansion is valid. [1]

5	 By first using the substitution t x 1= + , find e xdx2 1+; . [6]

6	 (i)	 Use the quotient rule to show that the derivative of 1

sin

cos
is
sinx

x
x2

- . [2]

	 (ii)	 Show that 
2sin sinx x

1 2
2

1
6 2cos x xd

6

1

4

1

+ = -
r

r

= ^ h. [6]

7	 A curve has equation x y xy2 2+ =^ h . Find the gradient of the curve at the point where x 1= . [7]

8	 In the year 2000 the population density, P, of a village was 100 people per km2, and was increasing at the 
rate of 1 person per km2 per year. The rate of increase of the population density is thought to be inversely 
proportional to the size of the population density. The time in years after the year 2000 is denoted by t.

	 (i)	 Write down a differential equation to model this situation, and solve it to express P in terms of t.  [6]

	 (ii)	 In 2008 the population density of the village was 108 people per km2 and in 2013 it was 128 people 
per km2. Determine how well the model fits these figures. [2]
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9	 Two lines have equations

r = 3i + 5j – k + λ(2i + j + k) and r = 4i + 10j + 19k + μ(i − j + αk),

	 where α is a constant.

	 Find the value of α in each of the following cases.

	 (i)	 The lines intersect at the point (7, 7, 1). [3]

	 (ii)	 The angle between their directions is 60°. [4]

10	 (i)	 Express 
x x
x

2

8

+
+
^ h

 in partial fractions. [3]

	 (ii)	 By first using division, express 
x x

x x
2

7 16 16
2

+
+ +
^ h

 in the form P x
Q

x
R

2+ +
+

. [3]

 A curve has parametric equations x t
t

1

2=
-

, y t t3
4= + .

	 (iii)	 Show that the cartesian equation of the curve is y
x x

x x
2

7 16 16
2

=
+

+ +
^ h

. [4]

	 (iv)	 Find the area of the region bounded by the curve, the x-axis and the lines x 1=  and x 2= . Give your 
answer in the form L + M ln2 + N ln3. [4]

END	OF	QUESTION	PAPER
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Question Answer Marks Guidance 
1 (i)  2(1 ) 3(3 )

(3 )(1 )
x x

x x
� � �
� �

  

 
11

(3 )(1 )
x

x x
�

� �
 oe isw 

 
B1 

 
 

B1 

or 2(1 ) 3(3 )
(3 )(1 ) (3 )(1 )

x x
x x x x
� �

�
� � � �

 

 
 
numerator must be simplified 
B2 if unsupported 
 

allow recovery from omission of 
brackets; brackets may be expanded 
in numerator 
 
denominator may be in expanded 
form at either stage eg 3 + 2x – x2 

    [2]   
1 (ii)   

� � � � 11 –  3
(11 )(11 )
x x

x x
�

� �
 or 

� � � �
2

 11 –  3
(121 )

x x
x

�

�
 

 
M1* 

 

 
allow (x –  11)(x +3) for numerator and / or 
(x –  11)(x + 11) in denominator 

 
 

    
 

� � � � 11 –  311their  their 
(3 )(1 ) (11 )(11 )

x xx
x x x x

��
u

� � � �
 

 

 
 
 

M1*dep 

 

or 
� � � � 11 –  32  their 

(3 ) (11 )(11 )
x x

x x x
�

u
� � �

 

� � � � 11 –  33 their 
(1 ) (11 )(11 )

x x
x x x

�
� u

� � �
 

 
with at least one pair of their terms 
correctly cancelled out, allow if RH 
fraction only partially factorised 

    
1

(1 )x
�
�

  oe cao 

 
 

A1 

  

    
 
 
 
 
 
 
 
 
 

[3] 
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2 (i)   

k( 4i + 8j – 8k) oe seen 
 

B1 
  
allow eg (4, 8, − 8) 
 

NB  
AB  = 4i + 8j – 8k  
AP  = 3i + 6j – 6k 
BP  = i + 2j – 2k 
 

    
[ CP =] – 2i + 2j + k  or 

[ PC = ] 2i – 2j – k 

 
B1 

 
allow eg (−2, 2, 1) 

 
NB P is (4, 7, − 3) 

    
� �their . their  4  8 –  CP k �i j 8k evaluated 

 
M1 

 
allow one numerical error 

 

    
AB . CP  = 4×(–2) + 2×8 + 1×( –  8) = 0  oe 

 

 
A1 

 

 
arithmetic must be shown and be consistent 
 

 
if 0, allow B4 for fully correct 
solution using eg Pythagoras or 
trigonometry 

    [4]   
 
2 

 
(ii) 

  
½ × their AB × their CP  oe 

 
M1 

 
or  ½absinC from triangle ABC with a, b and C 
correct  

2 2 24 8 ( 8)AB  � � � = 12 
2 2 2( 2) 2 1CP  � � � = 3 

2 2 25 4 ( 7)AC  � � � =√90 
2 2 21 ( 4) 1BC  � � � =√18 

AP = 9 and BP = 3 
A = 18.4°, B = 45° and C = 116.6°  

    
18 

 
A1 

 

    [2]   
 
 
 
 
 



4724 Mark Scheme June 2015 

9 

Question Answer Marks Guidance 
3   2 2d e cos e sin

d
x xy k x x

x
 r r  

 

2 2d 2e cos e sin
d

x xy x x
x
 �  oe 

 
M1* 

 
 

A1 

 
k is any constant 

 
Product Rule 

   
their d 0

d
y
x
  

 
M1dep* 

  

   tanx = 2 or 
1 2cos ( )  or sin ( )
5 5

x x r  r
 

 
A1 

 
ignore omission of “e2x = 0 has no solution”,  

 
or √5cos(x + tan−1½) = 0 
 

   x = 1.11 and – 2.03  cao A1 
(1.11, 4.09) and / or (– 2.03 , – 0.00765)   

if A0A0, SC1 for all 4 values to 
greater precision 1.107…, – 2.034…, 
4.094…., – 0.0076457…(or – 
0.007646) 
 

   y = 4.09 and – 0.00765  cao A1 or A1 for each correct pair of co-ordinates: 
mark to benefit of candidate 
 
 
extra values within range incur a penalty of one 
mark; 
or 
any finite value for x obtained from e2x = 0 
incurs a penalty of one mark 

NB  
x = 1.107148718 and – 2.034443936 
y = 4.094229238 and – 0.007645738 
 
ignore extra values outside range 

    [6] 
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4 (i)   

2
38 4  

 
2

39(1 )
8
x

�  seen 

 
B1 

 
M1 

 
 

2 1 4 23 3 3
2 2( 1)3 328 ( )8 ( 9 ) 8 ( 9 )3 2!

x x
� �u �

� r � r  

 

 
may be embedded 
 
ignore extra terms  
 

   22 9 1 2 2 91 1
3 2! 3 3

x x
k k
r r§ ·§ · § ·§ ·§ ·� � �¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸

© ¹© ¹ © ¹© ¹© ¹
 

where k is an integer greater than 1 
 

 
M1 2

2 2( 1)1 13 324 ( )( )( 9 ) ( )( 9 )3 2 2! 16
x x

u �
� r � r  

 
or better 
 

   2 29 3 94 3  or 4(1 )
16 4 64

x x x x� � � �  cao 
 

A1 
 
 

  

    [4] 
 
 

  

 
4 

 
(ii) 

 8 8
9 9

x� � �  or 8
9x �  isw cao 

 
B1 

 

  

    [1] 
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5    

1
2d ( 1)

d
t k x
x

�
 �  or d 2

d
x t
t
  from x = t2 ±1 oe 

 
 

M1 

 

or eg dd  
1

xk t
x

 
�

oe 

 

    
2e dtkt t³   

 
M1* 

 
k is any non-zero constant 

 
 

    
2 21 1e e d

2 2
t tkt k tu r ³  

 
M1dep* 

  

   2 2e e dt tt t� ³   
A1  

 
may be implied by the next A1 

 

   2 21e e
2

t tt �   
 

A1 
 
 

 

   2 1 2 111e e
2

x xx c� �� � �       cao www 
 

A1 
 
+ c may be seen in previous line only for A1 

if dt is not seen in the integral at 
some point impose a penalty of 1 
mark from total mark of 2 or more 

    [6]   
6 (i)   

2

sin sin cos cos
sin

x x x x
x

u� � u
  

may be implied by 
2 2

2

sin cos
sin

x x
x

� �
 

 
M1 

 

21or sin cos (sin ) cos   oe
sin

x x x x
x

�� u � u � u  
 
allow sign errors only  
if M0, SC1 for just 

2 2

2 2

sin cos 1
sin sin

x x
x x

� � �
  

   eg 

 
2 2

2

(sin cos )
sin
x x

x
� �

  and completion to  

2

1
sin x
�

  AG 

 
 

A1 

eg 
2 2

2 2

2

sin cos  oe and completion to
sin sin
1

sin

x x
x x

x

�
 �

�
 

 
need to see at least two correct, 
constructive steps and statement of 
given answer for A1 
NB sin2x + cos2x = 1 seen may be a 
constructive intermediate step 
 
 

    [2]   
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6 (ii)  cos2x  = 2cos2x – 1 substituted in numerator 

 
 
sin2x = 2sinxcosx substituted in denominator 

M1 
 
 

M1 

or alternative form of double angle formula 
plus Pythagoras leading to no term in sin2x in 
numerator 
 
 

may be awarded if not seen as part of 
fraction 
 

     

2
2 cos

2sin cos
x

x x
 

 
 

 
 

A1 
 

 
 

 

NB 
1
4

21
6

1 d
2 sin

x
x

S

S
µ́
¶

 

 
 

   F[x] = cos
sin

xk
x

r  
 

M1* 
 
k  must not be obtained from square rooting a 
negative number 

NB cos
2 sin

x
x

�  

    
1 1F F
4 6
S Sª º ª º�« » « »¬ ¼ ¬ ¼

 

 
 

M1dep* 
 
 

 

eg    
coscos 64

2 sin 2 sin4 6

SS

S S

��
�

u u
 

 
1 3

2 2eg 
1 12 2 22

� �
�

u u
 

 
 

    
 
 

1 ( 6 2) www  
2

 � AG
 

 
 
 
 
 

A1 

 
   
 
 
 
 

at least one correct intermediate step 
following substitution needed as well 
as statement of given result  

eg  − 2 (1 3)
2

�   

 
    [6]  
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7    

dLHS is ( )(1 )
d
yk x y
x

� �  

 
 
k = 2 
 
 
 
 

d2
d
yy
x

on RHS from differentiating y2  

 
M1 

 
 
 

A1 
 
 
 
 

B1 

 

or d d2 2
d d
y yx y ky kx
x x

� � �  

k is any positive integer 

 
some terms may appear on RHS with 
signs reversed 
 
 
if M0 in middle scheme, SC1 for 
three terms out of four completely 
correct with k = 2 
 
 
may appear on LHS with sign 
reversed 

    
2 d 

d
yy Kxy
x

�  on RHS 

 
 

M1 

 
 
K is any positive integer 

 
NB K = 2; 
may appear on LHS with signs 
reversed 

    
obtains a value of y from eg 2 2(1 ) 1y y�  u   
oe 

 
M1 

 
allow even if follows incorrect  manipulation 

 
NB y = − 0.5   
 

    
 
substitution of  x = 1 and their y dependent 
on at least two correct terms seen following 
differentiation, even if follows subsequent 
incorrect manipulation 

 
 

M1 

 

may be implied by d d11
d 4 d
y y
x x

�  �   

 

or d 2 1 0.25
d 1 2 1
y
x

� �
 

� � �
 

 

      
NB 

2d 2 2
d 2 2 2
y x y y
x xy x y

� �
 

� �
 

   d 3
d 8
y
x
 �  oe cao 

 
A1 

  
− 0.375 

    [7] 
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8 (i)  d

d
P k
t P
   

 
B1 or d 1

d
P
t kP
  

 
k should be unspecified at this stage 

    

k = 100 from d
d
P k
t P
  

 
 

B1 

 

or  k = 0.01from d 1
d
P
t kP
  

 
may be seen later 

    

d (their )dP P k t ³ ³  
 

M1* 
 
allow k = 1 

 
allow omission of  ³ and recovery 
of omission of one operator for 
M1*A1 

   2

2
P kt c �   

 
A1 or 

2

2
Pt d

k
 �  

 
if M0, SC2 for lnP = kt + c 
thereafter only M1 may be earned 

    
substitution of t = 0 and P = 100 

 
M1dep* 

 
may follow incorrect algebraic manipulation, 
but equation must include c (or d) 

 
NB c = 5000 or d = − 50 

    
10000 200P t � or 10 100 2t�  

or 200(50 )P t �  isw cao 

 
 

A1 

  
allow recovery from eg use of x for P 
throughout, but withhold final A1 for 
eg 10000 200x t �  

    [6]   
 
8 

 
(ii) 

  
t = 8, P = 107.7 or 108 so model was a good 
fit in 2008 oe 

 
B1 

 

 
or t = 8.3(2) when P = 108 + comment 

value of P or t must be found and 
correct comment made in each case; 
comments may be in same sentence. 

   
 

 
t = 13, P = 112(.2), so model was not 
appropriate in 2013 oe 

 
B1 

 
or t = 31.9(2) or 32 when P = 128 + comment 
 
comments may be in same sentence, but both 
values must be referenced 

 
if B0B0, SC1 for both values found 
no FT marks available 
 
comments on trends, extrapolation 
etc do not score 
just ticks / crosses etc do not score 

    [2]   
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9 (i)    

 μ = 3   soi  
 

 
B1 

 
 

 
from 3 + 2 λ = 4 + μ  
and 5 +  λ =  10 – μ   
NB λ  = 2 

    
1 = 19 + (their 3)×α  oe 

 
M1 

  
do not allow sign errors 

    
[α = ]−6 

 
A1 

 

  

    [3] 
 

  

9 (ii)  2×1+1×( – 1) + 1× α  
 
√(22 + 12 + 12) × √(12 + (−1)2 + α2) × cos60° 

M1* 
 

M1* 

allow 1 sign error  
 
allow 1 slip, eg sign error or omission of power 

NB 1+ α = √6 × √(2 + α2) × cos60° 

    
eg their 4 + 8α + 4α2 = 6(2 + α2)  

 
M1dep* 

 
square both sides 

 

    
α  = 2 cao  

 
A1 

 
if M1M1M0, B2 for unsupported or alternative 
valid method 

 
NB 2α2 – 8α + 8 = 0 
 

    [4]   
10 (i)  

2
A B
x x
�

�
 

 
B1 

 award if only implied by answer 

    
x + 8 = A(x +2) + Bx  soi 

 
M1 

 
allow one sign error 

 
clearing fractions successfully 

    
A = 4 and  B = −3 

 
A1 

 

  
if M0, B1 for each value  www 

    
 

[3] 
 
 
 

  



4724 Mark Scheme June 2015 

16 

Question Answer Marks Guidance 
10 (ii)  quotient (P)  is 7  B1   
    

 2x + 16  seen  
 

B1 
 
if B0,  B1 for Q =8 and B1 for R = − 6 www 

 
eg as remainder or in division 
chunking 

    
8 67

2x x
� �

�
  

 
 

B1 
 

 
 
 

 
 
or allow P = 7, Q = 8 R = − 6 

    [3] 
 

  

10 (iii)   t = f(x) M1* 
from 2

1
tx
t

 
�

;  

M0 for t = g(y) 

 

   
2

xt
x

 
�

 
 

A1 
 
or B2 if unsupported 

 
 

   43 their
2 their

2

xy
xx

x

 u �
�

�

 
 

M1dep* 
  

   
eg 

23 (8 4 )( 2)
( 2)

x x x
x x

� � �
�

  and completion to  

 
27 16 16

( 2)
x xy

x x
� �

 
�

 www  AG 

 
 
 
 

A1 
 

 
 

at least one correct, constructive, 
intermediate step shown 
 
if M0M0, SC2 for substitution of 

2
1

tx
t

 
�

in RHS of given equation 

and completion with at least two 
correct, constructive intermediate 

steps to y = 43t
t

�  www 

 
    [4] 
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10 (iv)  

their (  )[d ]
2

Q RP x
x x

� �
�³   

 
M1* 

 
where P, Q and R are constants obtained in (ii) 

 
allow omission of dx 
 

    
> @F 7 8ln 6ln( 2)x x x x � � �  

 
A1FT 

 
allow recovery from omission of brackets in 
subsequent working 

if M0, SC1 for  
Px +  Qlnx + Rln(x + 2)   
where constants are unspecified or 
arbitrary 

    
> @ > @F 2 F 1�  

 
M1dep* 

   

    
7 – 4ln2 + 6ln3 

 
 A1 

  

    [4]   
 
 
 


