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Answer all the questions

1	 Find the equation of the tangent to the curve

y x x3 2
2 6= +^ h

	 at the point ,1 3-^ h, giving your answer in the form y mx c= + . [5]

2	 Find

	 (i)	 x x2
1
d

2

-; a k ,

	 (ii)	 x x4 1 d3
1

+; ^ h .
	 [5]

3	 The mass of a substance is decreasing exponentially. Its mass is m grams at time t years. The following table 
shows certain values of t and m.

t 0 5 10 25

m 200 160

	 (i)	 Find the values missing from the table. [2]

	 (ii)	 Determine the value of t, correct to the nearest integer, for which the mass is 50 grams. [4]

4	 It is given that A and B are angles such that

sec tanA A 13
2 - =     and    sin sec cos cosecB B B B27

2 2= .

	 Find the possible exact values of tan A B-^ h. [8]

5

O

y e
x2=

y 8e
x= -

x

y

	 The diagram shows the curves y e
x2=  and y 8e

x= - . The shaded region is bounded by the curves and the 
y-axis. Without using a calculator,

	 (i)	 solve an appropriate equation to show that the curves intersect at a point for which lnx 2= , [2]

	 (ii)	 find the area of the shaded region, giving your answer in simplified form. [5]



3

4723/01 Jun16© OCR 2016

6	 The curves C1  and C2  have equations

lny x4 7 18= - +^ h     and    y a x b2 2
1

= +^ h

	 respectively, where a and b are positive constants. The point P lies on both curves and has x-coordinate 2. It 
is given that the gradient of C1  at P is equal to the gradient of C2  at P. Find the values of a and b. [8]

7	 (i)	 By sketching the curves y x x2 5= +^ h and cosy x1= -  (where y is in radians) in a single diagram, 
	 	 show that the equation cosx x x2 5

1+ = -^ h  has exactly one real root. [3]

	 (ii)	 Use the iterative formula
cos

x x
x

2 5n
n

n
1

1

=
++

-

  with  .x 0 25
1
=

	 	 to find the root correct to 3 significant figures. Show the result of each iteration correct to at least 
4 significant figures. [4]

	 (iii)	 Two new curves are obtained by transforming each of the curves y x x2 5= +^ h and cosy x1= -  by the 
pair of transformations:

reflection in the x-axis followed by reflection in the y-axis.

	 	 State an equation of each of the new curves and determine the coordinates of their point of intersection, 
giving each coordinate correct to 3 significant figures. [4]

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

x x a a2 3f = + +^ h     and    x x a5 4g = -^ h ,

	 where a is a positive constant.

	 (i)	 State the range of f and the range of g. [2]

	 (ii)	 State why f has no inverse, and find an expression for xg 1- ^ h. [3]

	 (iii)	 Solve for x the equation x a31gf =^ h . [5]

9	 (i)	 Show that sin tan cot2 2/i i i+^ h . [4]

	 (ii)	 Hence

	 	 (a)	 find the exact value of tan tan cot cot
12

1

8

1

12

1

8

1r r r r+ + + , [3]

	 	 (b)	 solve the equation sin tan cot4 1i i i+ =^ h  for 0
2

11 1i r , [3]

	 	 (c)	 express  cos tan cot1 2
2

2

1

2

1
3

i i i- +^ ah k   in terms of sini . [2]

END	OF	QUESTION	PAPER
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Question Answer Marks Guidance 

1   
 

Differentiate to produce form  
   2

1 2( 2) ( 2)m nk x x k x x� � �    
 

*M1 
 
For positive integers 1 2, , ,k k m n ; allow M1  
   if slip to, for example, ( 3)x �  in both  
   brackets  

 
 

   Obtain 6 2 56 ( 2) 18 ( 2)x x x x� � �   
 

   A1 
 

Or unsimplified equiv  

   Substitute 1x  �  to obtain value 12    A1 From correct work only  
   Attempt equation of tangent (not normal)   

   through point ( 1, 3)�    
 
   M1 

 
Dep *M;  using non-zero numerical value of 
gradient;  condone slip in use of coordinates 

 

   Obtain 12 15y x �      A1 
   [5] 

Answer required in y mx c �  form  

 
 
2 

 
 

i 

  
 

Expand to produce form 32
1 2

kkk
x x

� �   

 
 
 

M1 

 
 
 
For non-zero constants 1 2 3, ,k k k ; allow if  
   middle term appears as two, so far,  
   unsimplified terms   

 

  
 
 

 
 

Obtain 14 4lnx x
x

� �   or 14 4lnx x x�� �   
 

A1  
 

 
Condoning absence of modulus signs but A0   
   if expression involves ln x  or 4ln x   

 

    
    

 ii  Integrate to obtain form 
4
3(4 1)k x �   

  

M1 
 

 

Any non-zero constant k  

   Obtain 
4
33

16 (4 1)x �   
 

A1 
 

With coefficient simplified  

       
 
 
 
 

  Include  … + c  or  … + k  at least once   
   anywhere in answer to question 2   

 
B1 
[5] 

 
Even if associated with incorrect integral 
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Question Answer Marks Guidance 
3 i  Obtain 128 for value corresponding to 10 B1 Allow any value rounding to 128  

   Obtain 65.5 for value corresponding to 25 B1 Allow any value rounding to 65 or 66;  
   whether obtained using powers of 0.8 or by  
   use of formula 

 

    [2]   
       
 ii  Attempt to find formula for m of form  

   200ekt   or  200 trOu   
 

M1 
 
Whether attempted in part (i) or (ii) 

 
If formula attempted in part (i), marks 
earned must be recorded in part (ii) 

   Obtain (0.2ln 0.8)200e t   or  0.0446200e t�    
   or  0.2200 0.8 tu   or  200 0.956tu   

 
 

A1 

 
 

Or equiv 
 

   Show correct process for solving equation of  
   form 200e 50kt   or  200 50trO    

 
 

M1 
  

   Obtain 31 A1 Or greater accuracy rounding to 31; ignore  
   any units given; second M1 is implied by  
   correct answer 

Special case: no formula anywhere and  
   answer 31 (or greater accuracy)  
   given, award B2 (i.e. 2/4 for part (ii)) 

    [4]   
       
       
4   Use identity 2 2sec 1 tanA A �   B1   

   Attempt solution of three-term quadratic  
   equation to obtain two values of tan A   

 
M1 

 
Implied if correct values obtained; allow M1  
   for incorrect factorisation provided  
   expansion would give correct first and third  
   terms; allow M1 for incorrect use of    
   formula if only one error present 

 

   
 

Obtain tan 3A �  and tan 4A  
 

A1 And no others; implied by 1tan 3A � �  and 
1tan 4� ; 

 

3, 4A  �  is A0 here unless subsequent  
   work shows values used correctly 

   
 

Use correct identities to produce equation in   
   tanB  only 

 
M1 

 

Equation might be 3 27t   … 
 
… or 5 3 227 27 0t t t� � �   

 
 

 
 

 
 

State tan 3B   
 

A1 
 

And no others 
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5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

i 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Substitute at least one pair of non-zero   

   numerical values into tan tan
1 tan tan

A B
A B
�

�
  

Obtain one of 1
13  and 3

4  or exact equiv  
Obtain the other exact value or equiv 
 
 
Either  State 2e 8ex x�   and so  3e 8x    
            Obtain e 2x   and hence ln2x   
 
Or 1     State 2e 8ex x�   and so  3e 8x   

            State 
1
33 ln8, ln8x x    and 

               hence ln2x   
 
Or 2     State 2e 8ex x�  and 2 ln8x x �  

            State 
1
33 ln8, ln8x x    and 

               hence ln2x   
 
 
 
Integrate to obtain 2

1 2e and ex xk k�   
Obtain correct 21

28e ex x�� �  or, if done  

   separately, 8e x��  and 21
2 e x  

 

Apply limits 0 and ln2  correctly to their 
integral(s)  
 
 
Obtain at least  1

24 2 8� � � �  (or equivs) 
Obtain 5

2  or equiv 

 
 

M1 
 

A1 
A1 
 [8] 

 
 

B1 
B1 

 
 

B1 
 
 

B1 
 
 

B1 
 

B1 
[2] 

 
 
 

M1 
 
 

A1 
 
 

M1 
 
 

*A1 
 

A1 
[5] 

 
 
Must be the correct identity 
 
 
And no others 
 
 
 
AG; necessary detail needed 
 
 
 
 
AG; necessary detail needed 
 
 
 
 
AG; necessary detail needed 
 
 
 
 

Any non-zero constants 1k  and 2k   
 
 
 
 
 

Condone one sign slip; earned by sight of   
   ln 2 2ln 21 1

2 28e e 8�� � � �  (or equivs if  
   integrals treated separately)  
 
Final A1 dependent on *A1 
 

 
 
 
 
 
 
 
 
Verifying by substitution of ln2  in 
each equation earns B0B0 
 
 
 
Going immediately from 1

3 ln8x   to    
ln2x   does not earn the second B1  

 
 

 
Going immediately from 1

3 ln8x   to    
ln2x   does not earn the second B1  

 
 
 
 
 
 
 
 

 
M1 also implied by sight only of 

1
24 2 8� � � �  (or equivs …) 
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6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State, at some stage, 
1
2(4 ) 18a b�   

Obtain derivative 4
4 7x �

  for 1C    

Obtain derivative  
1
22( )kx x b �� for 2C   

Obtain correct 
1
22( )ax x b ��   

 
Equate derivatives with 2x    
Attempt values of a and b from two   

   equations involving a and 
1
2(4 )b�   

 
 
Obtain 6a                                      
Obtain 5b   
 
 
 
 

Draw more or less correct sketch of  
   1cosy x�  existing in first and second    
   quadrants 
 
Draw U-shaped parabola passing through 
origin and showing minimum point 
 
Indicate one intersection in first quadrant by 
blob or reference in words or … 
 
 
 
 
 
 

    

B1 
 

B1 
 

M1 
 

A1 
 
 

M1 
 
 

M1 
 
 

 
A1 
A1 

 
[8] 

 
 
 
 

*B1 
 
 

*B1 
 
 

B1 
 

[3] 
 
 
 
 

 
 
 
 

 
Any non-zero constant k 
 
 
 
 
 
 

Using correct process 

Correct equations are 
1
2(4 ) 18a b�    and     

   
1
22 (4 ) 4a b ��   

 
 
 
 
 
 
 
Ignore any curve outside 0 y Sd d ; condone  
   no or wrong intercepts on axes  
 
Curve must exist in first  and third quadrants 
     
 
Dep *B *B  
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8 
 
 
 
 
 
 
 
 

ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iii 
 
 
 
 
 
 
 
 
 
 
i 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Obtain correct first iterate showing at least  
   4 s.f. rounded or truncated 
Show iterative process to produce at least  
   three iterates in all showing at least 3 s.f. 
 
Obtain at least four correct iterates in all 
showing at least 4 s.f.  
Conclude with value 0.242 
 
 
 
 
 
 
 
State 1cos ( )y x� � �   or 1cosy x S� �   
State ( 2 5)y x x � �  or equiv 
 
State 0.242�  for x-coordinate 
 
State 1.33�  for y-coordinate 
 
 
 
 
State range of f is f ( ) 3x at  or 3y at   
 
State range of g is all real numbers or equiv  
   such as Ry�  (real numbers)  
 
 
 
 
 

 
B1 

 
M1 

 
 

A1 
A1 

 
 
 
 
 

[4] 
 
 

B1 
B1 
 
 

B1 FT 
 

B1 
 

[4] 
 
 

B1 
 
 

B1 
[2] 

 
 
 

 
 

 
 
 
Implied by incorrect values apparently  
   converging 
 
Allowing recovery after error 
Answer to be clearly indicated by  
   underlining final value in sequence or by  
   separate statement; answer required to  
   precisely 3 s.f.; allow final A1 even if   
   iterates have been shown to only 3 s.f.;  
   answer only earns 0/4 
 
 
 
 

Allow (2( ) 5)y x x �� � �   or similar;  
   condone missing y   in each case 
Following their answer to (ii); allow greater  
   accuracy here 
Allow value rounding to 1.33�   
 
 
 
 
Allow f 3at  or equiv expression in words  
   but 3a to be included  
 
 
 
 
 
 
 

 
 
 
 
0.25 
0.23965… 
0.24250… 
0.24172… 
0.24193… 
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ii 
 
 
 
 
 
 

iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State function is not 1 – 1 or different x- 
   values give same y-value or equiv  
 
Obtain form ( 4 )k y a�  or ( 4 )k x a�   
Obtain 1

5 ( 4 )x a�   or  1 4
5 5x a�   

 
 

Either  Attempt composition of functions the  
               right way round 
            Obtain 5 2 11 31x a a a� �   or equiv 
 
Or  Apply their 1g�  to 31a   
      Obtain 2 3 7x a a a� �   or equiv 
 
Either  Solve 2 4x a a�   and obtain 3

2 a   
            Solve linear equation in which signs  
               of (their) 2x  and (their) 4a  are   
               different 
            Obtain 5

2 a�   
 
 
 
Or  Square both sides and obtain   
        2 24 4 15 0x ax a� �    
      Solve 3-term quadratic equation to obtain  
         two values 
 
 
 
        
      Obtain 5 3

2 2,a a�   
 
 

 
B1 
 

M1 
 

A1 
[3] 
 

M1 
 

A1 
 

 
M1 

 

A1 
 

B1 FT 
 

 
 

M1 
 

A1 
 
 
 
 
 

B1 FT 
 

M1 
 
 
 
 

A1 
 

[5] 

 
no credit for ‘no inverse due to modulus’ nor  
   for ‘cannot be reflected across y x ’ 
for non-zero constant k 
 

Must finally be in terms of x 
 
 
Earned for 5(what they think f(x) is) – 4a  
 

 
 
 
 
 
 
 

Following their 2x a ka�    
 
 
Condone other sign slips 
 

And no others; obtaining 5
2 a�  and then   

   concluding 5
2 a  is A0 

 
 

 
Following their 2x a ka�   
 
Allow M1 if factorisation wrong but  
   expansion gives correct first and third  
   terms; allow M1 if incorrect use of formula  
   involves only one error 
 
And no others; continuing from two correct 
answers to conclude 5 3

2 2,a a  is A0 
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9 i 

 
 
 
 
 
 
 
 

 
ii 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

a 
 
 
 
 
 
 
 
 

 
b 
 
 
 
 
 
 
 
 
 

c 

Use sin2 2sin cosT T T   

State sin cos
cos sin

T T
T T
�   or  1tan

tan
T

T
�  

Simplify using correct identities 
 
Obtain 2 correctly 
 
 
 
Obtain expression involving at least one of  
   1

6sin S  and 1
4sin S   

Obtain 
1 1
6 4

2 2
sin sinS S

�   

Obtain 4 2 2�  or exact equiv 
 
 
 
Use sin4 2sin2 cos2T T T   
Obtain 1

4cos2T   or 2 5
8cos T   or   

   2 3
8sin T   

Obtain 0.659 or 0.66 
 
 
 
 

Express in form 4 2
1 3sin

sin
kk T
T

u   

Obtain 4
3

84sin
sin

T
T

u   and hence 32sinT   

 
 

B1 
 

B1 
 

M1 
 

A1 
 

[4] 
 
 

M1 
 

A1 
 

A1 
 

[3] 
 

B1 
 

 
B1 

 

B1 
 
 

[3] 
 
 

M1 
 

A1 
 

[2] 
 

 
 
Perhaps as part of expression 
 
 

 
AG; necessary detail needed 
 
 
 
 
 
 
Or equiv involving cosecant 
 
Answer only is 0/3 
 
 
 
 
 
 
 
 

Or greater accuracy; and no others between 0   
   and 1

2S ; allow 0.21S  but not 0.659S ;   
   answer only earns 0/3 
 
 
 
 
 

A0 if 2 2( 2sin )T�  involved in simplification   

 
 
 
Note that going directly from   
   2 22sin 2cosT T�  to 2 is M0 but      
   2 22(sin cos )T T�  to 2 is M1A1 

 


