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1	 Find the equation of the tangent to the curve y x
x
3 8

5 4
=

-
+  at the point ,2 7-^ h. [5]

2	 It is given that i  is the acute angle such that cot 4i = . Without using a calculator, find the exact value of

	 (i)	 °tan 45i+^ h, [3]

	 (ii)	 coseci . [2]

3	 The volume, V cubic metres, of water in a reservoir is given by

	    V h3 2 192
6

= + -^ h ,

	 where h metres is the depth of the water. Water is flowing into the reservoir at a constant rate of 150 cubic 
metres per hour. Find the rate at which the depth of water is increasing at the instant when the depth is 
1.4 metres. [5]

4	 It is given that x a a3 5+ = , where a is a positive constant. Find, in terms of a, the possible values of

	    x a x a7 7+ - - . [6]

5

O
x

y

	 The diagram shows the curve y 6 32e e
x x3 2= - + .

	 (i)	 Find the exact x-coordinate of the minimum point and verify that the y-coordinate of the minimum 
point is 0. [4]

	 (ii)	 Find the exact area of the region (shaded in the diagram) enclosed by the curve and the axes. [4]
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6

O
x

y B

A

	 The diagram shows the curve siny x8
1

2

3= -- a k. The end-points A and B of the curve have coordinates 
,a 4r-^ h and ,b 4r^ h respectively.

	 (i)	 State the values of a and b. [2]

	 (ii)	 It is required to find the root of the equation sin x x8
1

2

3- =- a k .

	 	 (a)	 Show by calculation that the root lies between 1.7 and 1.8. [3]

	 	 (b)	 In order to find the root, the iterative formula

	    sinx p qxn n1
= +

+ ^ h,

	 	 	 with a suitable starting value, is to be used. Determine the values of the constants p and q and 
hence find the root correct to 4 significant figures. Show the result of each step of the iteration 
process. [5]

7	 (i)	 Find the exact value of x x7 1 d
1

9

3
1

+; ^ h . [4]

	 (ii)	 Use Simpson’s rule with two strips to show that an approximate value of x x7 1 d
1

9

3
1

+; ^ h  can be

	 	 expressed in the form m n+  36
3 , where the values of the constants m and n are to be stated. [3]

	 (iii)	 Use the results from parts (i) and (ii) to find an approximate value of 36
3 , giving your answer in the   

form q
p

 where p and q are integers. [2]

Question	8	begins	on	page	4.



4

4723/01 Jun15© OCR 2015

8	 The functions f and g are defined as follows:

	    lnx x2 3f = + +^ ^h h for x 0H ,

	    x axg
2=^ h  for all real values of x, where a is a positive constant.

	 (i)	 Given that 3 9gf e
4 - =^ h , find the value of a. [3]

	 (ii)	 Find an expression for xf
1- ^ h and state the domain of f 1- . [3]

	 (iii)	 Given that ln3 53ff e e
N 2- =^ ^h h, find the value of N. [5]

9	 It is given that ° °sin cos30 60f i i i= + + +^ ^ ^h h h.

	 (i)	 Show that cosf i i=^ h . Hence show that

	    cos4 4 2 8 3f f
4/i i i+ -^ ^h h . [6]

	 (ii)	 Hence

	 	 (a)	 determine the greatest and least values of 
4

1

4 2 7f fi i+ +^ ^h h
 as i  varies, [3]

	 	 (b)	 solve the equation

	    ° ° ° °sin cos sin cos12 30 12 60 4 6 30 4 6 60 1a a a a+ + + + + + + =^ ^ ^ ^h h h h

	 	 	 for ° °0 601 1a . [4]
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Question Answer Marks Guidance 

1   Attempt use of quotient rule or, after 

adjustment, product rule 

 

 

*M1 

 

For M1 allow one slip in numerator but must 

be minus sign in numerator and square of 

3 8x   in denominator; allow M1 for 

numerator the wrong way round 

For product rule attempt, *M1 for 
1 2

1 2(3 8) (5 4)(3 8)k x k x x      

form and A1 for correct constants 5 

and –3;   

   
Obtain 

2

5(3 8) 3(5 4)

(3 8)

x x

x

  


  or equiv 

A1 

 

Allow if missing brackets implied by 

subsequent simplification or calculation 

 

   Substitute 2 to obtain 13  or equiv A1   

   Attempt to find equation of tangent M1 Dep *M; equation of tangent not normal  

   Obtain 13 19y x    or 13 19 0x y       A1 Or similarly simplified equiv with 3 non-zero 

terms  

 

    [5]   

2 (i)  State or imply 1
4

tan    B1  Note that both parts are to be answered 

without calculator so sufficient detail 

is needed 

   
State or imply use of 

tan 1

1 tan








 

B1 

 

  

   Obtain 5
3

 or 2
3

1  or  20
12

 or exact equiv B1 But not unsimplified equiv (such as 5 3
4 4

/  )   

    [3]   

 (ii)  Attempt use of correct relevant identity or of 

right-angled triangle 

M1 Such as 2 2cosec 1 cot   , or 

1
cosec

sin



  with attempt at sin , or use 

of Pythagoras’ theorem in right-angled 

triangle 

 

   Obtain 17   
 

A1 Final answer 17  earns A0    

       [2]   
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3   Differentiate to obtain 5(2 )nkh h   M1 

 

A1 

*M1 

 

M1 

Any non-zero constants k, n; condone 

presence of 192  here 

Without 192  now 

Using any recognisable attempt at first 

derivative 

Dep *M;  assume appropriate substitution if 

calculation goes wrong  

 

  Obtain 
1
2 59 (2 )h h


  or unsimplified equiv 

Divide 150 by their derivative, algebraic or 

numerical 

Substitute 1.4h   and evaluate 

 

   Obtain 0.06  or  0.060  or  0.0603    A1 But not greater accuracy in final answer; 

units not needed unless change made to 

metres and/or hours  

 

    [5]   

4   Obtain 2a  as one value of x B1  Allow solution leading to 1
2

a x  (B1) 

and 1
8

a x   (M1A1) 

   Attempt to find second value of x 

 

M1 

 

By solving equation with signs of x and 5a 

different, or by squaring both sides and 

attempting solution of quadratic equation 

with three terms 

If using quadratic formula to solve 

equation, substitution must be accurate 

   Obtain 8a   A1 And no other values of x   

   Substitute each of at most two values of  x 

(involving a) leading to one final answer in 

each case and showing correct application of 

modulus signs in at least one case 

M1 

 

  

   Obtain 4a  as final answer A1 Obtained correctly from 2x a    

   Obtain 14a  as final answer A1 Obtained correctly from 8x a     

    [6]   
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5 (i)  State first derivative is 3 23e 12ex x  B1 Or equiv  

   Equate first derivative to zero and attempt 

solution of equation of form 
3 2

1 2e e 0x xk k   

M1 

 
At least as far as ex c ;  M0 for false 

method such as 3 2ln(3e ) ln(12e ) 0x x     

 

   Obtain ln 4  or exact equiv and no other  A1 Obtained by legitimate method  

   Substitute ln 4x   or e 4x   to confirm 

0y   

A1 

 

AG; using exact working with all detail 

present: needs sight of 3 24 6 4 32    or 

similar equiv 

 

    [4]   

 (ii)  Integrate to obtain 3 2

3 4e + e 32x xk k x  

Obtain 3 21
3
e 3e 32x x x   or equiv  

M1 

A1 

 

For non-zero constants 

 

 

   Apply limits correctly to expression of form 
3 2

3 4e + e 32x xk k x   

M1 

 

Using limits 0 and their answer from part (i) 

 

 

       

   Simplify to obtain 32ln4 24  or 

64ln2 24  

A1 

 

Or suitably simplified equiv  

    [4]   

6 (i)  State or clearly imply 1
2

a   B1 5
2

a   and 1
2

b   earn B0 B0  

   State or clearly imply 5
2

b   

(Implied by, for example, just  1
2

 and 5
2

  

stated in that order) 

B1 31
2 2

sin( )    and 31
2 2

sin( )   earn B0 B0  

    [2]   
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 (ii) (a) Carry out relevant calculations using radians M1 Involving 1 3
2

8sin ( )x    or 1 3
2

8sin ( )x x    

or equiv;  needs two explicit calculations 

May carry out calculations in, for 

example, 3 1
2 8

sin( )x x    

   Obtain 1.6 and 2.4   or   –0.1 and 0.6 A1 Or equivs  

   Conclude with reference to  1.6 1.7  but 

2.4 1.8 ,  or to sign change   

A1 

[3] 

Or equiv  

  (b) State or imply 3
2

p   and 1
8

q    B1 Implied by presence in iterative formula  

   Obtain correct first iterate 

 

B1 

 

Having started with value 
1x  such that 

11.7 1.8x  ; given to at least 4 s.f. 

 

   Carry out iteration process 

 

M1 

 

Obtaining at least three iterates in all; having 

started with any non-negative value; implied 

by an apparently converging sequence of 

plausible values; all values to at least 4 s.f. 

Answer only can earn no more than the 

first B1 for values of p and q;    

working in degrees can earn no more 

than the first B1 (for p and q) and M1 

   Obtain at least three correct iterates A1 Allowing recovery after error  

   Conclude with clear statement that root is 

1.712 

A1 

 

Final answer required to exactly 4 significant 

figures 

 

    [5]   

7 (i)  Integrate to obtain integral of  

form 
4
3(7 1)k x   

 

*M1 

 

Any non-zero constant k 

 

   Obtain 
4
33

28
(7 1)x   A1 Or unsimplified equiv  

   Apply limits correctly and attempt   

exact evaluation   

M1 

 

Dep *M;  substitution of limits to be seen 

 

 

   Obtain  180
7

 A1 Or exact equiv such as 720
28

 or 5
7

25    

    [4]   

 

 

(ii)  Attempt expression of form 0 1 2( 4 )k y y y   M1 

 

Any constant k; attempting exact  y values 

corresponding to x values 1, 5, 9 

Missing brackets which are  not 

implied by subsequent calculation and 

which lead to 0 1 24ky y y   earn M0 

   Obtain 3 3 34
3
( 8 4 36 64)    A1   

   Obtain 316
3

8 36   A1 

[3] 

No need for m and n to be stated separately  
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 (iii)  Equate answers to parts (i) and (ii) and carry 

out complete correct relevant rearrangement 

M1 Provided 3 36   is involved Correct answer only seen:  M1A1 

answer only seen:  if follows correctly 

from their parts (i) and (ii):  M1A0 

   Obtain 93
28

  or  372
112

 A1 Or equiv of requested form  

    [2]   

8 (i)  Obtain 6 or 2 4  at any stage for application 

of f 
B1 

 

  

   Attempt composition of functions the right 

way round 
   M1   

   Obtain 1
4

a   or 9
36

 or equiv A1   

    [3]   

 (ii)  Obtain expression involving 2ey  or 2ex   M1    

   Obtain 2e 3x   A1   

   State 2 ln3x    or equiv B1 Not for >;  not for decimal equiv ; using x  

    [3]   

 (iii)  Either: 

Apply f once to obtain 2 N   

Apply f to their expression involving N   

 

B1 

M1 

 

 

 

 

   Obtain 2 ln( 5)N   or  2 ln(2 3)N        A1   

         

   Attempt solution of equation of form 
22 ln( ) ln(53e )pN q     

 

Obtain 48  from correct work 

 

 

M1 

 
 

A1 

 

 

Involving manipulation so that value of N  is 

apparent 
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   Or 1: 

Obtain ff ( )x  of form 1 2ln[ ln( 3)]k k x    

Obtain correct 2 ln[5 ln( 3)]x      

Substitute for x to obtain  2 ln( 5)N   

 

Attempt solution of equation of form 
22 ln( ) ln(53e )pN q    

Obtain 48  from correct work 

 

M1 

A1 

A1 

    

 

   M1 

    

    A1 

 

Or equiv with immediate substitution for x;  

missing bracket(s) may be implied by 

subsequent work 

 

 

Involving manipulation so that value of N  is 

apparent 

 

   Or 2: 

Apply 1f   to obtain  
2ln(53e ) 2e 3    

 

B1 

 

  

   Attempt simplification of expression 

involving ln and e 

M1 

 

  

   Obtain f (e 3) 50N      A1   

   Apply f, or apply 1f   to right-hand side  M1   

   Obtain 48 A1   

    [5]   

9 (i)  Use at least one addition formula accurately 

 

Obtain cos   

State 2cos4 2cos 2 1     

Attempt correct use of relevant formulae to 

express in terms of cos   

Obtain correct unsimplified expression in 

terms of cos  only 

M1 

 

Without substituting values for cos30 , etc. 

yet 

 

   A1 AG; necessary detail needed 

Or 2 2cos4 cos 2 sin 2      

 

Or in terms of cos  and sin   

e.g. 2 2 22(2 1) 1 4(2 1)c c     

 

  

 

B1 

M1 

 

 

   A1 

 

 

   Simplify to confirm 48cos 3   A1 AG; necessary detail needed  

    [6]   
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 (ii) (a) Obtain 1
12

 

 

Substitute 0 for cos  in correct expression  

B1 

 

 

M1 

 

 

 

No need to specify greatest and least 

 

   Obtain 1
4

  A1   

       

    [3]   

  (b) State or imply 48cos (3 ) 3 1     B1 Or 22cos 6 4cos6 2 0       

   Attempt correct method to obtain at least one 

value of    

M1 

 
Allow for equation of form 4cos (3 ) k   

where 0 1k   or for three-term quadratic 

equation in cos6    

 

   Obtain 10.9 A1 Or greater accuracy 10.921… Answer(s) only:  0/4 

   Obtain 49.1 A1 

 

Or greater accuracy 49.078…; and no others 

between 0 and 60 
 

    [4]    

 
 
 


