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1	 Find 3cosx x xdy . [4]

2	 Find the first three terms in the expansion of ( )x9 16 2
3

-  in ascending powers of x, and state the set of values 
for which this expansion is valid. [5]

3	 The equation of a curve is xy x 12 2= + . Find x
y

d
d

 in terms of x and y, and hence find the coordinates of the 
stationary points on the curve. [7]

4	 The equations of two lines are

2 (2 3 )r i j i j km= + + + +   and  6 8 ( 4 5 ) .r i j k i j kn= + + + + -

	 (i)	 Show that these lines meet, and find the coordinates of the point of intersection. [5]

	 (ii)	 Find the acute angle between these lines. [3]

5	 The parametric equations of a curve are

2 3 sinx i= +   and  1 2cosy i= -   for  0 2
1G Gi r .

	 (i)	 Find the coordinates of the point on the curve where the gradient is 2
1 . [5]

	 (ii)	 Find the cartesian equation of the curve. [2]

6	 Use the substitution u x2 1= +  to evaluate 
( )x

x x
2 1
4 1 d5

0

2
1

+
-> . [7]

7	 (i)	 Given  that ( ) ( )ln sin ln cosy x x1= + - , show that x
y

d
d

 = cos x
1 . [4]

	 (ii)	 Using this result, evaluate sec x xd
0

3
1r; , giving your answer as a single logarithm. [3]

8	 The points A (3, 2, 1), B (5, 4, 3- ), C (3, 17, 4- ) and D (1, 6, 3) form a quadrilateral ABCD.

	 (i)	 Show that AB = AD. [2]

	 (ii)	 Find a vector equation of the line through A and the mid-point of BD. [3]

	 (iii)	 Show that C lies on the line found in part (ii). [1]

	 (iv)	 What type of quadrilateral is ABCD? [1]



3

4724 Jan13© OCR 2013

9	 The temperature of a freezer is −20 °C. A container of a liquid is placed in the freezer. The rate at which the 
temperature, i  °C, of a liquid decreases is proportional to the difference in temperature between the liquid 
and its surroundings. The situation is modelled by the differential equation 

( 20),t kd
di

i=- +

 where time t is in minutes and k is a positive constant.

	 (i)	 Express i  in terms of t, k and an arbitrary constant. [3]

	 Initially the temperature of the liquid in the container is 40 °C and, at this instant, the liquid is cooling at a 
rate of 3 °C per minute. The liquid freezes at 0 °C.

	 (ii)	 Find the value of k and find also the time it takes (to the nearest minute) for the  liquid to freeze. [5]

	 The procedure is repeated on another occasion with a different liquid. The initial temperature of this liquid 
is 90 °C. After 19 minutes its temperature is 0 °C.

	 (iii)	 Without any further calculation, explain what you can deduce about the value of k in this case. [1]

10	 (i)	 Use algebraic division to express  
x x

x x x
6

2 4 13
2

3 2

- -
- - +   in the form Ax B

x x
Cx D

62+ +
- -
+ , 

	 	 where A, B, C and D are constants. [4]

	 (ii)	 Hence find 
x x

x x x x
6

2 4 13 d2

3 2

4

6

- -
- - += , giving your answer in the form lna b+ . [7]
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Question Answer Marks Guidance 
1    

xvxu 3 cos d and    
 

1 1
sin 3 sin 3 d

3 3
x x x xu � ³   

 
1

sin 3 cos3
3 9
x

x x� [ + c]    cao  www ISW 

 
M1 

 

 
A2 

 
 
 

A1 

 

integration by parts as far as � �xf ± � �³ xx d g  
 

A1 for ³�u xxkxkx d 3sin  3sin    ; 0or  
3
1

zk  

 
 

Not ….. ¸
¹
·

¨
©
§ x3 cos 

3
1

3
1

 or  ….. x3 cos
9
1

��  

 
Check if labelled v,du 
 
 
k  may be negative 

    [4]   
2    

The first 3 marks refer to the expansion…  
 

First 2 terms = x
3
8

1�   

 

3rd term = 
2

2
1

2
3

9
16

2.1
.

¸
¹
·

¨
©
§�

x
 

 

= 2

27
32

x  

 
Complete expansion 2327227 xx ��|  
 

 

valid for  
9 9

16 16
x

�
� �  or  

16
9

�x  

 
……... 

 
 

B1 
 
 
 

M1 
 
 
 

A1 
 
 

A1 
 
 

     
B1 

of 
2

3

9
16

1 ¸
¹
·

¨
©
§ �

x
 and to no other expansion 

Allow any equiv fraction for the  
3
8

�  and ISW 

 
 

Allow clear evidence of intention,e.g. 
9

16
2.1

. 2
2
1

2
3 x�

 

 

Allow any equiv fraction for the 
27
32

 and ISW 

 
cao     No equivalents.  Ignore any further terms 
 
 

oe       Beware, e.g. 
16
9

�x  

 
 
 

9
16

.
2
3
�  is not an equiv fraction 

 
 
 
 
 
 
 
 
If expansion � �nba �  used, award 

B1,B1,B1 for 27, 232,72 xx�  
 
 
 
condone ≤  instead of  < 

    [5]   
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3   For attempt at product rule on 2xy  

� �
x
y

yy
x d

d
 2

d
d 2   

2d 2
d 2
y x y
x xy

�
  or  

y
x

2
1 2��

 

 

Stationary point o (their )
d

0
d
y
x
  soi 

 
12  x   or   22  y   or   44  y  

 
  � �2,1 ,     � �2,1 �   
 

M1 
 

B1 
 
 

A1 
 
 
 

M1 
 

 
A1 

 
 
A1,A1 

or changing equation to 12 �� xxy   
soi in the differentiating process 
 
 

Award B1 for � � � � � �21 1
2
1 2

1 ��� ��r xxx  

 
 
 
 
 
Ignore any other values 
 
Accept 1.41 or 4

1
4  for 2  

 
 
 
 
 
 
 
 
 
 
 
 
 
SR. Award A1 only  if extra co-
ordinates  presented with both 
correct answers 

    [7]   
4 (i)  Produce (at least 2)  relevant equations 

Eliminate either PO or  from 2 of them and 
solve for the other   ( OP or    ) 

2 O   and  1� P     cao 
Check that � � � �1,2, � PO  satisfies all eqns 
 
 P is (5, 4, 6)          cao   www 
 

M1 
M1 

 
A1 

 
B1 

 
A1 
[5] 

e.g. PO � � 621 , PO 482 � � , PO 513 �  
soi by correct � �PO,  
 
or e.g. 2 O  from 2 different pairs 
This must be convincing. Check unusual arguments 
 
Allow any reasonable vector notation 
 

 
 
 
 
 
Dep  previous M1M1A1 earned 

4 (ii)  

Using 
¸
¸
¸

¹

·

¨
¨
¨

©

§

�¸
¸
¸

¹

·

¨
¨
¨

©

§

5
4
1

 and 
3
1
2

 

Using 
ba
b.a

 T cos  giving value 
ba

n
 

...2.68 q (not  111.8…)  
 

M1 
 
 
 
 

M1 
 

A1 
[3] 

i.e. correct parts for direction vectors 
 
 
 
 
for any 2 meaningful vectors in this question 
using meaningful scalar product & modulus 
or 1.19 (radians) 

 
 
 
 

Expect  
4214

9�
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5 
 
 
 

(i)  

their  

T

T

d
d

d
d

x

y

  

 
d 2sin
d 3cos
y
x

T
T

  

 

2
1

d
d

their   
x
y

 

 

4
3

tan  T  

 

� �6.0,8.3 � or ¸
¹
·

¨
©
§ �

5
3

,
5

19
 or 6.0,8.3 �  yx

 
M1 

 
 
 
 

A1 
 
 
 

M1 
 
 

A1 
 
 

A1 
 

[5] 

 
 
 
 
 
 
 
 
 
 
 
 

If 
4
3

tan  T  not seen, award this A1 only if coords 

are correct 

 
 

 
 

5 (ii)   
Manipulating equations into form 

� �xfsin  T  and  � �yg cos  T  

and then using  1cos sin 22  � TT   
 

2 2( 2) (1 )
1

9 4
x y� �

�   oe   www  ISW 

Accept e.g. 
2

3
2
¸
¹
·

¨
©
§ �x

 

011181694 22  ���� yxyx  

 
 

M1 
 
 
 

A1 
 
 
 
 
 

[2] 

If part (ii) is attempted first, and then part (i), allow 

        B1      for obtaining 
� �
� �19

24
d
d

�
�

 
y
x

x
y

 

        M1      for equating their 
x
y

d
d

 to 
2
1

 

        A1       for obtaining 789 � � xy  
        M1      for eliminating x or y from above eqn...   
        A1       for � �)6.0,8.3 �  

 
 
 

the following marks in part (i):- 
 
 
 
 
 
 
….and their Cartesian equation 
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6  

 
 Attempt diff to connect du & dx 

Correct result e.g. 2d
d  x

u   or  du = 2 dx 

Indef integ in terms of u = � �³
�

u
u
u

d
32

2
1

5
  

Integrate to  
3 43
3 8

u u� �

�
� �

 oe 

 
Use correct variable & correct values for 
limits 

= 
23

384
�

 oe   ( 059895.0� …..) 

[ISW,e.g. changing to 
384
23

] 

M1 
A1 

 
A1 

 
 

A1A1 
 
 

M1 
 

A1 

or find  x
u

d
d  or  u

x
d
d    

 
 
Must be completely in terms of u. 

or (using ‘by parts’) 
� �

128
32 34 ��

�
�
� uuu

 

 
 
Provided minimal attempt at � �³ uu df made 

Accept decimal answer only if minimum of first 3 
marks scored 

 
 
 
 
 

Award B1,B1 for 
2

3
3

4 43

�
�

�

�� uu
 

or for 
4

3
3

2 43

�
�

�

�� uu
 

or for 
� �

32
32 34 ��

�
�
� uuu

 

or for 
� �

64
32 34 ��

�
�
� uuu

 

 
    [7]   
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7 (i) I 

 
 
 
 
 
 
 

II 
 
 
 
 
 
 
 

III 

x
x

x
x

 cos
sin 

sin 1
 cos �

�
�

 or 
x
x

x
x

cos
sin 

sin 1
 cos

�
�

 

 
� �

� � xx
xxx

 cos sin 1
 sin1sin  /cos / 2

�
�����

 

1 sin
cos (1 sin )

x
x x
�
�

 = 
1

cos x
   www      AG 

Change to ¸
¹
·

¨
©
§ �

x
x

 cos
sin 1

ln  

Change to ln(sec x + tan x) 

Diff as 
xx

xxx

 tan  sec
tan  sec(at attempt d

d

�
�

 

Reduce to x sec  = x cos
1  

Change to ¸
¹
·

¨
©
§ �

x
x

 cos
sin 1

ln  

Diff as 

x
x

 cos
sin 1

ationdifferentiquotient at attempt 
�

 

Fully correct differentiation 

Correct reduction to 
x cos

1
 

 

 
B2 

 
M1 

 
 

A1 
 

B1 
 

B1 
 

M1 
 

A1 
 

B1 
 
 

M1 
 
 

A1 
 

A1 
[4] 

 
Each half (including ‘middle’ sign) scores B1 
 
Combine, provided derivative was of form � �

� �x
x

f
'f  

 
2 2cos sin 1x x�   in intermediate step required 

 
 
 

Not ln( x
x

tan 
cos

1
� ) 

 
 
 
Allow only variations num signs 
 

7 (ii)  Indef integral = � � � �xx  coslnsin 1ln ��  
[Method I] 
 
Substitute limits & use log manipulation 
 
Answer =  ln(2 + √3) 
 

B1 

 
 

M1 
 

B1 
[3] 

or � �xx  tan  secln �    [Method II] 
 

Use of ln A – ln B = ln
B
A

 anywhere in question 

Accept ln 3.73 or 
1

32
ln

�
…..but not ln

2
1

2
31�

 

 
 
 
 
 
 
Answer has not been given 
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8 (i)  � � � �� �222 4/2/2/ �������� AB  

� � � � � �222 2/4/2/ �������� AD  
 
 

B1 
 

B1 
 

[2] 

oe 
 
oe 

If 22 ADAB  =24 , then SR B1  
ADAB   to be stated for 2nd B1 

8 (ii)  midpoint is (3, 5, 0) 
 
Clear method for finding direction vector  
 
r = 3i + 2j + k + λ (3j – k)  oe       
or e.g.   r = 3i + 5j + P ( 3� j + k)   cao 

B1 
 

M1 
 

A1 
 

[3] 

Accept any reasonable vector notation. 
 
Expect kj �3  or  kj �� 3  
 
“r =” is essential.  No f.t. for wrong mid-point. 

 

8 (iii)  substitution of λ = 5/��  or  4/�� P  M1 
 

[1] 

Based on correct answer to (ii)  

8 (iv)  Kite B1 
 

[1] 
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9 (i)  

Separating variables  ³ ³ � 
�

tk d d 
20

1 T
T

 

 
ln(θ + 20) = -kt  (+ c)  or  equivalent 
 

20e � �ktAT   oe (i.e. 20e � �� cktT ) 

 
M1 

 
 

A1 
 

A1 
 

[3] 

or invert each side:  � �20
1

d
d

�
� 

TT k
t  

 
 “Eqn A” 
 
 “Eqn B” 

Must see 
20

1
�T

; ignore posn ‘k’ 

 
 

9 (ii)   
� � � �20403 �� � k  
 

k = 
1
20

  oe 

  
 
Subst kt  their & 40,0   T (where 
necessary) into their Eqn A or their Eqn B 
and solve for the arbitrary constant 
 
Subst 0 T  & their values of k and the 
arbitrary constant into their Eqn A or their 
Eqn B 
 
t =  21.9722 = 22 minutes cao   www 

 
M1 

 
 

*A1 
 
 
 

M1 
 
 
 

M1 
 
 
dep*A1 

 
[5] 

Using  � �3 
d
d

 ,40,0 �   
t

t
TT  in given equation 

 

Not  
20
1

� k  

 
 
 
 
 

 

9 (iii)   k is larger 
 

B1 
[1] 
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10 (i)  Clear start to algebraic division 

(Quotient) = 1�x  
(Remainder) = x + 7 

Final answer:     2

7
1

6
x

x
x x

�
� �

� �
 

M1 
A1 
A1 

 
A1 

 
 
 
 
 

[4] 

at least as far as x term in quot & subseq mult back 
 
 
 
final answer in correct form 
This must be shown in part (i) or, if not, then 
implied in part (ii) 
 
If no long division shown but only comparison of 
coefficients or otherwise, SR M0 B1 B1 B1 

& attempt at subtraction 
 
 
 
Accept 7,1,1,1   �  DCBA  

10 (ii)  
Convert their

62 ��
�
xx

DCx
 to Partial Fracts  

6
7

2 ��
�
xx

x
 = 

2
1

3
2

�
�

� xx
 

Their …. 

³ � � BxAxxBAx 2

2
1

d  or 
� �

A
BAx

2

2�
 

� � � �³ ��� 
�

�
�

2ln 3ln d 
23

xFxEx
x

F
x

E
 

 
Using limits in a correct manner 
 

27
8 ln

4
�   ¸

¹
·

¨
©
§ �

8
54

ln 8     isw 

 
M1 

 
A1A1 

 
 
 

B1 ft 
 

B1 ft 

 
M1 

 
 

A1 
 

 
 
 
Correct fraction converted to correct PFs 
 
 
 
 
 
 
 
 
Tolerate some wrong signs provided intention clear 
 
Answer required in the form  ba ln  � , so giving 
only a decimalised form is awarded A0  

 
 
 

 
 
 
 
 
 

    [7]   
 
 
 


