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General Marking Guidance
 
· All candidates must receive the same treatment.  Examiners must mark the first candidate in exactly the same way as they mark the last.
· Mark schemes should be applied positively. Candidates must be rewarded for what they have shown they can do rather than penalised for omissions.
· Examiners should mark according to the mark scheme not according to their perception of where the grade boundaries may lie.
· There is no ceiling on achievement. All marks on the mark scheme should be used appropriately.
· All the marks on the mark scheme are designed to be awarded. Examiners should always award full marks if deserved, i.e. if the answer matches the mark scheme.  Examiners should also be prepared to award zero marks if the candidate’s response is not worthy of credit according to the mark scheme.
· Where some judgement is required, mark schemes will provide the principles by which marks will be awarded and exemplification may be limited.
· When examiners are in doubt regarding the application of the mark scheme to a candidate’s response, the team leader must be consulted.
· Crossed out work should be marked UNLESS the candidate has replaced it with an alternative response.
[bookmark: OLE_LINK1]
EDEXCEL GCE MATHEMATICS
General Instructions for Marking
1. The total number of marks for the paper is 100.

2. The Edexcel Mathematics mark schemes use the following types of marks:
· M marks: method marks are awarded for ‘knowing a method and attempting to apply it’, unless otherwise indicated.
· A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been earned.
· B marks are unconditional accuracy marks (independent of M marks)
· Marks should not be subdivided.

3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark schemes.
· bod – benefit of doubt
· ft – follow through
· the symbol     will be used for correct ft
· cao – correct answer only 
· cso - correct solution only. There must be no errors in this part of the question to obtain this mark
· isw – ignore subsequent working
· awrt – answers which round to
· SC: special case
· oe – or equivalent (and appropriate)
· dep – dependent
· indep – independent
· dp	decimal places
· sf	significant figures
· 	The answer is printed on the paper
·     The second mark is dependent on gaining the first mark

4. For misreading which does not alter the character of a question or materially simplify it, deduct two from any A or B marks gained, in that part of the question affected.

5. Where a candidate has made multiple responses and indicates which response they wish to submit, examiners should mark this response. 
If there are several attempts at a question which have not been crossed out, examiners should mark the final answer which is the answer that is the most complete. 
6. Ignore wrong working or incorrect statements following a correct answer.

7. Mark schemes will firstly show the solution judged to be the most common response expected from candidates. Where appropriate, alternatives answers are provided in the notes. If examiners are not sure if an answer is acceptable, they will check the mark scheme to see if an alternative answer is given for the method used.





General Principles for Further Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation


[bookmark: _Hlk515835717], leading to  


, leading to 
2. Formula
Attempt to use the correct formula (with values for a, b and c)

3. Completing the square



Solving :  , leading to 
Method marks for differentiation and integration:
1. Differentiation

	Power of at least one term decreased by 1. 
2. Integration

	Power of at least one term increased by 1. 

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’ reports is that the formula should be quoted first.
Normal marking procedure is as follows:
Method mark for quoting a correct formula and attempting to use it, even if there are small errors in the substitution of values.
Where the formula is not quoted, the method mark can be gained by implication from correct working with values but may be lost if there is any mistake in the working.

Exact answers
Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded decimals.


	Question
	Scheme
	Marks
	AOs

	1 (a)
	

	M1
A1
	1.1b
1.1b

	
	
                  
	A1
	1.1b

	
	
	(3)
	

	  (b)
	


Substitutes into  to give 
	M1
	1.1b

	
	

 Explains that  is substituted into     and you multiply the result by 2                               
	A1ft
	2.4

	
	
	(2)
	

	(5 marks)

	Notes:


 (a)

M1: Attempts the binomial expansion with  and obtains the correct structure for term 3 or term 4. 

         Award for the correct coefficient with the correct power of x. Do not accept  notation for coefficients.


        For example look for term 3 in the form  or 
A1: Correct (unsimplified) expression.  May be implied by correct simplified expression

A1: 
        Award if there are extra terms (even if incorrect).

        Award if the terms are listed    
(b)




M1: Score for substituting into  to obtain  or equivalent such as 

       Alternatively award for substituting into both sides and making a connection between the 

	two sides by use of an = or  . 

        E.g. following through on their expansion

       Also implied by  for a correct expansion


      It is not enough to state substitute into '' the expansion'' or just the rhs  ''''

A1ft: Requires a full (and correct) explanation as to how the expansion can be used to estimate  

       E.g.  Calculates and multiplies by 2.
      This can be scored from an incorrect binomial expansion or a binomial expansion with more terms.  

  The explanation could be mathematical. So is acceptable.


SC: For 1 mark, M1,A0 score for a statement such as ''substitute into both sides of part (a) and    make   the subject''
 


	Question
	Scheme
	Marks
	AOs

	2 
	

	M1
	1.1b

	
	
                     
	dM1
	2.1

	
	
                             
	A1
	1.1b

	
	
	(3)
	

	(3 marks)

	Notes:



M1: Takes logs of both sides and uses the power law on each side. 
         Condone a missing bracket on lhs and slips. 
         Award for any base including ln but the logs must be the same base.
dM1: A full method leading to a value for p. 
           It is dependent upon the previous M mark and there must be an attempt to change the subject of 	    	    the equation in the correct order. 

           Look for  condoning slips.

           You may see numerical versions E.g. 

            Use of incorrect log laws would be dM0. E.g  
A1:  awrt 81.6 following a correct method. Bracketing errors can be recovered for full marks
        A correct answer with no working scores 0 marks. The demand in the question is clear.  
.................................................................................................................................................................
There are alternatives:

E.g.     A starting point could be  
              but the first M mark is still for using the power law correctly on each side

     In such a method the dM1 mark is for using all log rules correctly and proceeding to a value for p.  
.................................................................................................................................................................
Using base 4 or 5

E.g.           

                  The M mark is not scored until 
...............................................................................................................................................................








	Question
	Scheme
	Marks
	AOs

	3 (a)         
	


         =  
	M1
	1.1b

	
	
                 = 
	A1
	1.1b

	
	
	(2)
	

	 (b)
	
                 States     
	M1
	1.1b

	
	Explains that as OC is parallel to AB, so OABC is a trapezium.                              
	A1
	2.4

	
	
	(2)
	

	(4 marks)

	Notes:



(a)

M1: Attempts to subtract either way around. If no method is seen it is implied by two of  .



A1:   or  but not  
(b)


M1:  Compares their  with by stating any one of 

· 
 
· 

· 
 or vice versa 

        This may be awarded if AB was subtracted ''the wrong way  around'' or if there was one numerical slip    

A1: A full explanation as to why OABC is a trapezium. 

       Requires fully correct calculations, so part (a) must be 
        It requires a reason and minimal conclusion.
        Example 1: 

         , therefore OC is parallel to AB so OABC is a trapezium
        Example 2:

    A trapezium has one pair of parallel sides. As , they are parallel,  so .  
    Example 3

     As , OC and AB are parallel, so proven 
     Example 4

     Accept as  , they are parallel so true
      
Note: There are two definitions for a trapezium. One stating that it is a shape with one pair of parallel sides, the other with only one pair of parallel sides. Any calculations to do with sides OA and CB in this question may be ignored, even if incorrect. 



	Question
	Scheme
	Marks
	AOs

	4 (a)
	
Either attempts    


Or attempts    and substitutes in  
	M1
	3.1a

	
	
                                           oe
	A1
	1.1b

	
	
	(2)
	

	(b)
	
       Attempts                       
	M1, dM1
	1.1b
1.1b

	
	
                                                                   
	A1
	2.1

	
	
	(3)
	

	(5 marks)

	Notes:


(a)


M1: For either attempting to solve .  Look for an attempt to multiply by the                                     leading to a value for x.



     Or score for substituting in  in  FYI 

     The method for finding should be sound, but you can condone slips. 

A1: 
(b)



M1: For an attempt at fully substituting into . Condone slips but the expression must                           have a correct form. E.g.  where a and b are positive constants.





dM1: Attempts to multiply all terms on the numerator and denominator by  to create a fraction  where both  and  are linear expressions. Condone 


A1:  Reaches via careful and accurate work. Implied by  following correct work.
..............................................................................................................................................................

Methods involving  may be seen. The scheme can be applied in a similar way

 FYI 


	Question
	Scheme
	Marks
	AOs

	5 (a)
	
Uses  
	M1
	3.1b

	
	
Uses  
	M1
	3.4

	
	                                   = 62.8 (km h -1 )                                
	A1
	1.1b

	
	
	(3)
	

	(b)
	
Uses  
	M1
	3.1b

	
	

Uses   or  
	M1
	3.4

	
	                                   = 86.7 (km h -1 )                                
	A1
	1.1b

	
	
	(3)
	

	(6 marks)

	Notes:
 



(a)

M1:  Translates the problem into maths using nth term   and attempts to find d   


         Look for either  or an attempt at  condoning slips


         It is implied by use of   Note that  is M0

M1:  Uses the model to find the fastest speed the car can go in 3rd gear using  or equivalent.
         This can be awarded following an incorrect method of finding  ''d'' 

A1:    62.8 km/ h   Lack of units are condoned.  Allow exact alternatives such as                            
(b)

M1: Translates the problem into maths using nth term   and attempts to find r   
         It must use the 1st and 6th gear and not the 3rd gear found in part (a) 


         Look for either   o.e.  or  condoning slips.

         It is implied by stating or using    


M1: Uses the model to find the fastest speed the car can go in 5th gear using  or  o.e.
         This can be awarded following an incorrect method of finding ''r''
          A common misread seems to be finding the fastest speed the car can go in 3rd gear as in (a). 


          Providing it is clear what has been done, e.g.  it can be awarded this mark.  
A1: awrt 86.7 km/h     Lack of units are condoned. Expressions must be evaluated.                                                      







	Question
	Scheme
	Marks
	AOs

	6 (a)         
	
              
	B1
	1.1b

	
	
           
	M1 
	1.1b

	
	
                                
	A1
	1.1b

	
	
	(3)
	

	
	
              
	
	

	(b) 
	

                     or awrt 7.24                          
	B1ft 
	2.2a

	
	
	(1)
	

	(c)
	

	M1
	3.1b

	
	
                                      
	A1
	1.1b

	
	Either 13:14 or 1:14 pm or 13 hours 14 minutes after midnight.
	A1
	3.2a

	
	
	(3)
	

	(7 marks)

	Notes:



(a)

B1:  only. 



M1: Proceeds to a value of  from OR 
         It is implied by either awrt 1.11 (radians) or 63.4 (degrees)

A1: 
(b)


B1ft:  Deduces that the maximum temperature is  or awrt 7.24  Remember to isw

           Condone a lack of units. Follow through on their value of R so allow                         
(c) 

M1:  An complete strategy to find t from  
         Follow through on their 1.107 but the angle must be in radians.

         It is possible via degrees but only using  

A1:   awrt 
A1:   The question asks for the time of day so accept either 13:14, 1:14 pm, 13 hours 14 minutes after                                       midnight, 13h 14,  or 1 hour 14 minutes after midday. If in doubt use review 
..................................................................................................................................................................
It is possible to attempt parts (b) and (c) via differentiation but it is unlikely to yield correct results.

   scores M1 A1 A1

   they can score M1 A0 A1 (SC) 

A value of  implies the minimum value has been found and therefore incorrect method M0.
.................................................................................................................................................................



	Question
	Scheme
	Marks
	AOs

	7

	Attempts equation of line 


Eg Substitutes into  and finds m
	M1
	1.1b

	
	
Equation of l is 
	A1
	1.1b

	
	Attempts equation of C 


Eg Attempts to use the intercept within the equation   in order to find a
	M1
	3.1a

	
	

Equation of C is  or 
	A1
	1.1b

	
	
Region R is defined by    o.e.
	B1ft 
	2.5

	
	
	(5)
	

	(5 marks)

	Notes:


The first two marks are awarded for finding the equation of the line 
M1: Uses the information in an attempt to find an equation for the line l. 


        E.g. Attempt using two points: Finds m  and uses of one of the points in their  or equivalent to find c.  Alternatively uses the intercept as shown in main scheme.


A1:  seen or implied. This alone scores the first two marks. Do not accept 

         It must be in the form y = ... but the correct equation can be implied from an inequality. E.g. . 
The next two marks are awarded for finding the equation of the curve 


M1: A complete method to find the constant a in  or the constants a, b in . 



        An alternative to the main scheme is deducing equation is of the form  and setting                                     and solving  a pair of simultaneous equations in a and b using the point ( 2, 13) the gradient                                 being 0 at x = 2. Condone slips. Implied by  or 


           FYI the correct equations are  and 



A1:   or equivalent such as, . 


           Do not accept  or just  for the A1 but may be implied from an inequality 

          or from an attempt at the area, E.g.  
B1ft: Fully defines the region R. Follow through on their equations for l and C.
        Allow strict or non -strict inequalities as long as they are used consistently.


        E.g. Allow for example   ''''         ''''



      Allow the inequalities to be given separately, e.g. . Set notation may be used so  is fine but condone with or without any of 



Incorrect examples include '' or '', 

Values of x could be included but they must be correct. So  is fine
If there are multiple solutions mark the final one.




	Question
	Scheme
	Marks
	AOs

	8
	Any equation involving an exponential of the correct form.
 See notes
	M1
	3.1b

	
	
  (where A and k are positive constants)
	A1
	1.1b

	
	
	(2)
	

	(2 marks)

	Notes:


M1: Any equation of the correct form, involving n and an exponential in t. 




        So allow for example  ,  ,  condoning 
        Condone an intermediate form where n has not been made the subject. 


         E.g  Allow  but also condone 

A1:  E.g.   There is no requirement to state that A and k are positive constants
        Note that the two constants need to be different. 



        Mark the final answer so  followed by  o.e. such as  is M1 A0
........................................................................................................................................................................
You may see solutions that don't include  ''e''. 

These are fine so you can include versions of    using the same marking criteria as above


FYI  so  
.....................................................................................................................................................................





















	Question
	Scheme
	Marks
	AOs

	9(a)
	
                         
	
	

	
	
  Differentiates to       
	M1
A1
	1.1b
1.1b

	
	

                           *
	A1*
	2.1

	
	
	(3)
	

	(b)
	

            States roots of                        
	B1
	1.1b

	
	               Substitutes one x value to find a y value 
	M1
	1.1b

	
	

    Stationary points are  and  
	A1
	1.1b

	
	
	(3)
	

	(c)
	

(i) Range o.e. such as   
	B1ft
	2.5

	
	(ii)   For   
· 
Either attempting to find  and identifying this as the lower bound 
· 
Or attempting to find  and identifying this as the upper bound  
                              
	M1
	3.1a

	
	
        Range 
	A1
	1.1b

	
	
	(3)
	

	(9 marks)

	Notes:




(a)

M1: Attempts the product rule and uses  



        If candidate states  with  it can be implied by their  

        If they just write down an answer without working award for 

        They may multiply out first . Apply in the same way condoning slips



        Alternatively attempts the quotient rule on   with and 

A1: A correct which may be unsimplified.

         Via the quotient rule you can award for  o.e.
A1*:  Proceeds correctly to given answer showing all necessary steps. 


           The or  must be present at some point in the solution
          This is a ''show that'' question and there must not be any errors. All bracketing must be correct.

          Allow a candidate to move from the simplified unfactorised answer of   
           to the given answer in one step. 

           Do not allow it from an unsimplified  
           Allow the expression / bracketed expression to be written in a different order. 

           So, for example, is OK 


(b)


B1: States or implies  (as the roots of )

M1: Substitutes one x value of their solution to  in f(x) to find a y value. 


        Allow decimals here (3sf).     FYI, to 3 sf,  =  29.6 and 
         Some candidates just write down the x coordinates but then go on in part (c) to find the ranges using the y coordinates. Allow this mark to be scored from work in part (c) 



A1: Obtains   and as the stationary points. This must be scored in (b). Remember to isw after a correct answer.  Allow these to be written separately. E.g. 

        Extra solutions, e.g. from  will be penalised on this mark.
(c)(i)
B1ft: For a correct range written using correct notation.
         Follow through on 2 their minimum ''y'' value  from part (b), providing it is negative. 
         Condone a decimal answer if this is consistent with their answer in (b) to 3sf or better.



         Examples of correct responses are  , ,  
(c)(ii) 

M1: See main scheme. Follow through on  for the upper bound.



A1: Range o.e. such as  but must be exact 
















	Question
	Scheme
	Marks
	AOs

	10 (a)
	
  oe
	B1
	1.1b

	
	
Full substitution 
	M1
	1.1b

	
	
Finds correct limits e.g. 
	B1
	1.1b

	
	

                                               *
	A1*
	2.1

	
	
	(4)
	

	 (b)
	

	M1
	1.1b

	
	
Correct PF. 
	A1
	1.1b

	
	

	dM1
A1ft
	3.1a
1.1b

	
	


       Uses limits  with some correct ln work                   leading to        E.g.       
	M1
	1.1b

	
	
                                            
	A1
	2.1

	
	
	(6)
	

	(10 marks)

	Notes: Mark (a) and (b) together as one complete question 


(a)



B1: or exact equivalent. E.g.  , 


M1: Attempts a full substitution of , including  to form an integrand in terms of u.  Condone slips but there should be an attempt to use the correct substitution on the denominator. 

B1: Finds correct limits either states  or sight of embedded values as limits to the integral 
A1*: Clear reasoning including one fully correct intermediate line, including the integral signs, leading to   the given expression ignoring limits. So B1, M1, B0, A1 is possible if the limits are incorrect, omitted or left as 5 and 10. 
(b)
M1: Uses correct form of PF leading to values of A and B. 

A1: Correct PF     (Not scored for just the correct values of A and B)
dM1: This is an overall problem solving mark. It is for using the correct PF form and integrating using lns.

           Look for  

A1ft: Correct integration for their with or without modulus signs


M1: Uses their 2 and 3 as limits, with at least one correct application of the addition law or subtraction law leading to the form or . PF's must have been attempted. Condone bracketing slips. Alternatively changing the u's back to x's and use limits of 5 and 10.  

A1:  Proceeds to . Answers without working please send to review.

	Question
	Scheme
	Marks
	AOs

	11 (a)
	


 Solves  and simultaneously to find x or y           E.g. 
	M1
	3.1a

	
	

               Either          

            Or                               
	A1
	1.1b

	
	
Attempts to find the angle AOB in circle  



 Eg Attempts   to find  then  
	M1
	3.1a

	
	
 Angle AOB = rads (3sf)   *
	A1*
	2.1

	
	
	(4)
	

	(b)
	
Attempts                           =  56.48 
	M1
	1.1b

	
	
Attempts to find angle AXB or AXO in circle  (see diagram)

      E.g.              (Note AXB =1.03 rads)
	M1
	3.1a

	
	

Attempts +
	dM1
	2.1

	
	                            =  89.7 
	A1
	1.1b

	
	
	(4)
	

	(8 marks)

	Notes:




[image: ]
 













(a)
M1: For the key step in an attempt to find either coordinate for where the two circles meet.
        Look for an attempt to set up an equation in a single variable leading to a value for x or y.


A1:   (or ) 

M1: Uses the radius of the circle and correct trigonometry in an attempt to find angle AOB in circle  



E.g.  Attempts   to find  then  



         Alternatives include  to find  then 

        And 
A1*: Correct and careful work in proceeding to the given answer. Condone an answer with greater accuracy. 
         Condone a solution where the intermediate value has been truncated, provided the trig equation is correct.

	  E.g.   

         Condone a solution written down from awrt  (without the need to shown any calculation.)
         E

(b)



M1: Attempts to use the formula  with  and 

        The formula may be embedded. You may see which is fine for this M1

M1: Attempts to use a correct method in order to find angle AXB or AXO in circle  


         Amongst many other methods are  and 
       Note that many candidates believe this to be 0.635. This scores M0 dM0 A0  

dM1: A full and complete attempt to find the perimeter of the region. 
            It is dependent upon having scored both M's. 
[image: ]A1: awrt 89.7
.....................................................................................................................................................................









 



(a)
M1: For the key step in attempting to find all lengths in triangle OAX, condoning slips
A1: All three lengths correct


M1: Attempts cosine rule to find  then   
A1*: Correct and careful work in proceeding to the given answer
.......................................................................................................................................................................



	Question
	Scheme
	Marks
	AOs

	12 (a)
	
         States or uses                    
	B1
	1.2

	
	
     
	M1
	2.1

	
	
                           *
	A1*
	2.1

	
	
	(3)
	

	(b)
	
                 

                  
	
	

	
	
       
	M1
	3.1a

	
	
                                                 
	A1
	1.1b

	
	
  Also  
	M1
	2.1

	
	
                                                  
	A1
	1.1b

	
	
     Deduces        
	B1
	2.2a

	
	
	(5)
	

	(8 marks)

	Notes:



(a) Condone a full proof in x (or other variable) instead of  here



B1: States or uses    Do not accept with the  missing
M1: For the key step in forming a single fraction/common denominator   


         E.g. . Allow if written separately 
        Condone missing variables for this M mark  
A1*: Shows careful work with all necessary steps shown leading to given answer. See scheme for necessary 
         steps. There should not be any notational or bracketing errors. 

(b)  Condone  instead of x's here 

M1: Uses part (a), cancels or factorises out the  term, to establish that one solution is found when 

	. 


       You may see solutions where  or  . 


        As long as they don't state or  this is acceptable

A1: 







M1: For the key step in realising that  has a period of  and a second solution can be found by solving . The sight of  can imply this mark provided the step has been seen.   Using reciprocal functions it is for realising that  has a period of 

A1:   Withhold this mark if there are additional values in the range (0,180) but ignore values outside.

B1: Deduces that a solution can be found from . Ignore additional values here.
...................................................................................................................................................................
Solutions with limited working. The question demands that candidates show all stages of working.

SC:   
They have shown some working so can score B1, B1 marked on epen as 11000   



Alt 1- Right hand side to left hand side
	Question
	Scheme
	Marks
	AOs

	12 (a)
	
         States or uses          
	B1
	1.2

	
	
     
	M1
	2.1

	
	
                                *
	A1*
	2.1

	
	
	(3)
	


Alt 2- Works on both sides
	Question
	Scheme
	Marks
	AOs

	12 (a)
	

         States or uses         or 
	B1
	1.2

	
	
     
	M1
	2.1

	
	  States a conclusion E.g.
 ''HENCE TRUE'', 
 ''QED'' 


or    o.e.  (condone = for )
	A1*
	2.1

	
	
	(3)
	


Alt (b)
	Question
	Scheme
	Marks
	AOs

	
	
       

              

                    
	M1
	3.1a

	
	
                                                 
	A1
	1.1b

	
	
                                    Also  
	M1
	2.1

	
	
                                                  
	A1
	1.1b

	
	
     Deduces        
	B1
	2.2a

	
	
	(5)
	




	Question
	Scheme
	Marks
	AOs

	13 (a)
	

Uses the sequence formula  once with  
	M1
	1.1b

	
	
                            


Finds four consecutive terms and sets equal to (oe) 
	M1
	3.1a

	
	
   *
	A1*
	2.1

	
	
	(3)
	

	(b)
	
States that when , all terms are the same and concludes that the sequence does not have a period of order 3
	B1
	2.3

	
	
	(1)
	

	(c)
	
Deduces the repeating terms are 
	B1
	2.2a

	
	

	M1
	3.1a

	
	
                
	A1
	1.1b

	
	                          
	(3)
	

	(7 marks)

	Notes:

























(a)

M1:  Applies the sequence formula seen once.


          This is usually scored in attempting to find the second term. E.g. for  or 


M1: Attempts to find    and sets .  Condone slips. 



         Other methods are available. E.g. Set , work backwards to find  and equate to 

         There is no requirement to see either  or any of the labels. Look for the correct terms in the correct order. 
         There is no requirement for the terms to be simplified



         FYI and so 
  A1*: Proceeds to the given answer with accurate work showing all necessary lines. See MS for minimum
(b)

B1: States that when , all terms are the same and concludes that the sequence does not have a 
       period of  order 3.
       Do not accept ''the terms just repeat'' or ''it would mean all the terms of the sequence are 2'' 
       There must be some reference to the fact that it does not have order 3. Accept it has order 1.

       It is acceptable to state  and state that the sequence does not have order 3    
(c)

B1: Deduces the repeating terms are 
M1: Uses a clear strategy to find the sum to 80 terms. This will usually be found using multiples of the first three terms. 


         For example you may see = 


                                                  or     = 


         For candidates who find in terms of k award for  or 



        If candidates proceed and substitute  into to get  then all 3 marks are scored. 

A1: 
...............................................................................................................................................................................
Note: Be aware  that we have seen candidates who find the first three terms correctly, but then find  

 which gives the correct answer 
but it is an incorrect method and should be scored B1 M0 A0
...........................................................................................................................................................................







	Question
	Scheme
	Marks
	AOs

	14 (a)
	
Uses the model to state   (for positive constant c) 
	B1
	3.1b

	
	


Uses with their and 

	M1
	2.1

	
	
   *
	A1*
	2.2a

	
	
	(3)
	

	(b)
	
 and integrates with one side ''correct''                      
	M1
	2.1

	
	
                  
	A1
	1.1b

	
	

Uses                               
	M1
	1.1b

	
	
 Uses                                           
	M1
	3.4

	
	
                                    or exact equivalent
	A1
	3.3

	
	
	(5)
	

	(c)
	
Uses the equation of their model and proceeds to a limiting value for t           E.g. 
	M1
	3.4

	
	
                             For times up to and including  seconds
	A1ft
	3.5b

	
	
	(2)
	

	(10 marks)

	Notes:























(a)

B1: Uses the model to state   (for positive constant c). 
      Any ''letter'' is acceptable here including k.

      Note that is B0 unless they state that c is a negative constant.



M1: For an attempt to use with their and 



       Allow for an attempt to use with their and (Any constant is fine)
       There is no requirement to use the correct formula for the volume of a sphere for this mark. 

A1*: Proceeds to the given answer with an intermediate line equivalent to  





        If candidate started with they must provide a minimal explanation how         	. E.g is a constant so replace  with 

          It is not necessary to use the full formula for the volume of a sphere, eg allow  but if it 

         has been quoted it must be correct. So using can potentially score 2 of the 3 marks. 
(b)
M1: For the key step of separating the variables correctly AND integrating one side with at least one index 	correct. The integral signs do not need to be seen.


A1: Correct integration E.g.  or equivalent. The  is not required for this mark.
       This may be awarded if k has been given a value. 

M1: Uses the initial conditions to find a value for the constant of integration 
If a constant of integration is not present, or k has been given a pre defined value, then only the first two marks can be awarded in part (b)     
       The mark may be awarded if the equation has been adapted incorrectly. E.g. each term cube rooted. 
M1: Uses the second set of conditions with their value of  to find k
       This may be awarded if the equation has been adapted incorrectly. E.g. each term cube rooted. 
A1:  Obtains any correct equation for the model. 


         E.g.  or exact equivalent such as .


        ISW after sight of a correct answer. Condone recurring decimals e.g.  for 

        Do not award if only the rounded/truncated decimal equivalents to say  is used. 
 (c)


M1: Recognises that the model is only valid when  and uses this to find t. Condone 
       Award for an attempt to find the value of t when r =0. See scheme. 

     It must be from an equation of the form which give + ve values of t. 



A1ft: Allow valid for times up to (and including) seconds, 5.71 seconds.  Allow or 
       There is no requirement for the left hand side of the inequality, 0

        States invalid for times greater thanseconds, 5.71 seconds.

 Follow through on their equation so allow  as long as this value is greater than 5       ( t = 5 is one of the values in the question)

	Question
	Scheme
	Marks
	AOs

	15 (a)
	

	M1
A1
	3.1a
1.1b

	
	

Full method to get in terms of  x using  
	M1
	1.1b

	
	
                    *
	A1*
	2.1

	
	
	(4)
	

	(b)
	
                             

 o.e. 
	M1
A1
	1.1b
1.1b

	
	

States that when  


                  when    


     AND when    

            giving a point of inflection when  
	A1
	2.4

	
	
	(3)
	

	(7 marks)

	Notes:




(a)



M1: Attempts to differentiate implicitly. Eg.   or 

       You may well see an attempt  


        When a candidate writes  the mark is scored for 

A1:  Correct differentiation  


        Allow also     or    amongst others 


M1: Full method to get in terms of x using 

A1*: Proceeds correctly to the given answer of 




(b) 
M1: Attempts to differentiate the given expression using the product or quotient rule.


        For example look for a correct attempt at with  

        If no method is seen or implied award for 

         Using the product rule award for  


A1:  Correct simplified  o.e. such as 

       Alternatively score for showing that when a correct (unsimplified) 


       Or for substituting into an unsimplified but correct and showing that it is 0 
A1: Correct explanation with a minimal conclusion and correct second derivative. 
     See scheme. 




     It can be also be argued from , and  provided the conclusion states that the   point of inflection is at 



       Alternatively  substitutes values of x either side of  and at , into , finds all three values and   makes a minimal conclusion.




   A different method involves finding  and showing that   and when 


      FYI    when 
Alternative part (a) using arctan

M1: Sets   where ... could be 1

A2:  

A1*:  showing correct intermediate step and no errors.







	Question
	Scheme
	Marks
	AOs

	16
	Sets up the contradiction and factorises:
There are positive integers p and q such that 

	            
	M1
	2.1

	
	

If true then                or       
Award for deducing either of the above statements 
	M1
	2.2a

	
	

Solutions are     or 
Award for one of these
	A1
	1.1b

	
	This is a contradiction as there are no integer solutions hence

there are no positive integers p and q such that 
	A1
	2.1

	
	
	(4)
	

	
	(4 marks)

	Notes:



M1: For the key step in setting up the contradiction and factorising


M1: For deducing that for p and q to be integers then either  or must be true.
         Award for deducing either of the above statements. 

       You can ignore any reference to   as this could not occur for positive p and q. 
A1: For correctly solving one of the given statements,


       For  candidates only really need to proceed as far as  to show the contradiction.

       For   candidates only really need to find either p or q  to show the contradiction.



       Alt for  candidates could state that  if  are positive integers.
A1: For a complete and rigorous argument with both possibilities and a correct conclusion.







	Question
	Scheme
	Marks
	AOs

	16 Alt 1
	



Sets up the contradiction, attempts to make  or   the subject and states that either is even(*) , or that (or q) is odd (**) 
Either   There are positive integers p and q such that 

          with * or **
Or   There are positive integers p and q such that 

   with * or **
	M1
	2.1

	
	

Sets  and expands  
	M1
	2.2a

	
	    Proceeds to an expression such as 

  



                  
	A1
	1.1b

	
	States 

This is a contradiction as  must be a multiple of 4

                                  Or must be an integer
And concludes

  there are no positive integers p and q such that 
	A1
	2.1

	
	
	(4)
	



Alt 2
An approach using odd and even numbers is unlikely to score marks.
To make this consistent with the Alt method, score

M1: Set up the contradiction and start to consider one of the cases below where q is odd,  
        Solutions using the same variable will score no marks.

M1: Set up the contradiction and start to consider BOTH cases below where q is odd,  
       No requirement for evens
A1:  Correct work and deduction for one of the two scenarios where q is odd
A1: Correct work and deductions for both scenarios where q is odd with a final conclusion
	Options
	Example of Calculation
	Deduction

	p (even)  q (odd)
	

	One less than a multiple of 4 so cannot equal 25

	p (odd)  q (odd)
	

	Three more than a multiple of 4 so cannot equal 25


  	



































[bookmark: _GoBack]
Pearson Education Limited. Registered company number 872828 
with its registered office at 80 Strand, London, WC2R 0RL, United Kingdom

image41.wmf
(

)

256

+-

ijk


oleObject49.bin

image42.wmf
8+2

-

ijk


oleObject50.bin

image43.wmf
2

OCAB

=´

uuuruuur


oleObject51.bin

image44.wmf
182

±±±

ijk


oleObject52.bin

oleObject53.bin

image45.wmf
1

8

2

æö

ç÷

-

ç÷

ç÷

èø


oleObject54.bin

image46.wmf
(

)

1,8,2

-


oleObject55.bin

oleObject56.bin

image47.wmf
2164

-+

ijk


oleObject57.bin

oleObject58.bin

image48.wmf
21

1628

42

æöæö

ç÷ç÷

-=´-

ç÷ç÷

ç÷ç÷

èøèø


oleObject59.bin

image49.wmf
OCAB

=l´

uuuruuur


oleObject60.bin

image50.wmf
(

)

8+2

AB

=-

uuur

ijk


oleObject61.bin

oleObject62.bin

oleObject63.bin

oleObject64.bin

oleObject65.bin

image51.wmf
37

7...

2

x

x

x

-

=Þ=

-


oleObject66.bin

image52.wmf
1

f()

x

-


image2.wmf
2

()()(),where

xbxcxpxqpqc

++=++=


oleObject67.bin

image53.wmf
7

x

=


oleObject68.bin

image54.wmf
7

4


oleObject69.bin

image55.wmf
(

)

(

)

(

)

37

37

2

33772

ff()

37

3722

2

2

x

x

xx

x

x

xx

x

æö

-

´-

ç÷

-

´---

èø

==

æö

-

---

-

ç÷

-

èø


oleObject70.bin

image56.wmf
27

3

x

x

-

=

-


oleObject71.bin

image57.wmf
37

7

2

x

x

-

=

-


oleObject1.bin

oleObject72.bin

image58.wmf
(

)

2

x

-


oleObject73.bin

oleObject74.bin

image59.wmf
1

f().

x

-


oleObject75.bin

image60.wmf
1

27

f()

3

x

x

x

-

-

=

-


oleObject76.bin

image61.wmf
1

f()

x

-


oleObject77.bin

image3.wmf
...

x

=


oleObject78.bin

image62.wmf
37

2

x

x

-

-


oleObject79.bin

image63.wmf
f()

x


oleObject80.bin

image64.wmf
**

3

**

**

**

a

b

æö

-

´-

ç÷

-

èø

æö

-

-

ç÷

-

èø


oleObject81.bin

image65.wmf
(

)

2

x

-


oleObject82.bin

image66.wmf
()

()

Px

Qx


oleObject2.bin

oleObject83.bin

image67.wmf
()

Px


oleObject84.bin

image68.wmf
()

Qx


oleObject85.bin

image69.wmf
()2

()2

Pxx

Qxx

-

´

-


oleObject86.bin

image70.wmf
27

3

x

x

-

-


oleObject87.bin

image71.wmf
2,7

ab

==-


image4.wmf
2

()()(),whereand

axbxcmxpnxqpqcmna

++=++==


oleObject88.bin

image72.wmf
37

22

xb

a

xx

-

º+

--


oleObject89.bin

image73.wmf
371

3

22

x

xx

-

º-

--


oleObject90.bin

image74.wmf
115285(17.4)

dd

=+Þ=


oleObject91.bin

image75.wmf
282''17.4''...

+´=


oleObject92.bin

image76.wmf
5

11528(1.3265)

rr

=Þ=


oleObject3.bin

oleObject93.bin

image77.wmf
4

28''1.3265''...

´=


oleObject94.bin

image78.wmf
115

''1.3265''


oleObject95.bin

image79.wmf
(1)

and

=+-


oleObject96.bin

image80.wmf
115285...

dd

=+Þ=


oleObject97.bin

image81.wmf
11528

5

-


oleObject4.bin

oleObject98.bin

image82.wmf
17.4

d

=


oleObject99.bin

image83.wmf
115286...

dd

=+Þ=


oleObject100.bin

image84.wmf
282''''

d

+


oleObject101.bin

image85.wmf
314

5


oleObject102.bin

image86.wmf
1

n

ar

-

=


image5.wmf
2

0

xbxc

++=


oleObject103.bin

image87.wmf
5

11528...

rr

=Þ=


oleObject104.bin

image88.wmf
5

115

28


oleObject105.bin

image89.wmf
awrt1.33

r

=


oleObject106.bin

image90.wmf
4

28''''

r

´


oleObject107.bin

image91.wmf
115

''''

r


oleObject5.bin

oleObject108.bin

image92.wmf
2

3

28''''

ur

=´


oleObject109.bin

image93.wmf

oleObject110.bin

image94.wmf
5

R

=


oleObject111.bin

image95.wmf
tan2...

=Þ=

aa


oleObject112.bin

image96.wmf
1.107

=

a


image6.wmf
2

0,0

2

b

xqcq

æö

±±±=¹

ç÷

èø


oleObject113.bin

image97.wmf
55sin1.1073

12

t

æö

=++-

ç÷

èø

p

q


oleObject114.bin

image98.wmf
(

)

55C

+°


oleObject115.bin

image99.wmf
C

°


oleObject116.bin

image100.wmf
1.1073

122

t

t

+-=Þ=

pp


oleObject117.bin

image101.wmf
awrt13.2

t

=


oleObject6.bin

oleObject118.bin

oleObject119.bin

image102.wmf
a


oleObject120.bin

image103.wmf
12

tan2,tan,sin

2''''

R

=±=±=±

aaa


oleObject121.bin

image104.wmf
1

cos

''''

R

=±

a


oleObject122.bin

image105.wmf
awrt1.107

=

a


oleObject123.bin

oleObject7.bin

oleObject124.bin

oleObject125.bin

image106.wmf
(

)

5''''C

R

+°


oleObject126.bin

image107.wmf
1.1073.

122

t

±-=

pp


oleObject127.bin

image108.wmf
1563.4171.990

t

±-=


oleObject128.bin

image109.wmf
13.2

t

=


oleObject129.bin

image7.wmf
1

()

nn

xx

-

®


image110.wmf
d21

cos3sin30tan313.2313:14

d12121212122

ttt

t

t

ppppp

æöæöæö

=---=Þ-=Þ==

ç÷ç÷ç÷

èøèøèø

q


oleObject130.bin

image111.wmf
d1

cos32sin30tan313.2313:14

d1212122

ttt

t

t

ppp

æöæöæö

=---=Þ-=Þ==

ç÷ç÷ç÷

èøèøèø

q


oleObject131.bin

image112.wmf
1.23

t

=


oleObject132.bin

image113.wmf
(

)

2,13

-


oleObject133.bin

image114.wmf
25

ymx

=+


oleObject134.bin

oleObject8.bin

image115.wmf
625

yx

=+


oleObject135.bin

image116.wmf
(

)

0,25


oleObject136.bin

image117.wmf
2

(2)13,

yax

=±+


oleObject137.bin

image118.wmf
2

3(2)13

yx

=++


oleObject138.bin

image119.wmf
2

31225

yxx

=++


oleObject139.bin

image8.wmf
1

()

nn

xx

+

®


image120.wmf
2

3(2)13625

xyx

++<<+


oleObject140.bin

image121.wmf
2513

2

-

=±


oleObject141.bin

image122.wmf
ymxc

=+


oleObject142.bin

oleObject143.bin

image123.wmf
625

lx

=+


oleObject144.bin

image124.wmf
....625

yx

<<+


oleObject9.bin

oleObject145.bin

image125.wmf
2

(2)13

yax

=±+


oleObject146.bin

image126.wmf
2

25

yaxbx

=++


oleObject147.bin

oleObject148.bin

image127.wmf
2

31225

Cxx

=++


oleObject149.bin

image128.wmf
2

31225

xx

++


oleObject150.bin

image9.wmf
(

)

(

)

(

)

1

23

2

11113

1

22222

181888

22!3!

xxxx

´-´-´-

+=+´+´+´


image129.wmf
(

)

13422526

abab

=-+-=-


oleObject151.bin

image130.wmf
40

ab

-+=


oleObject152.bin

oleObject153.bin

oleObject154.bin

image131.wmf
(

)

2

f3(2)13

xx

=++


oleObject155.bin

oleObject156.bin

oleObject157.bin

oleObject10.bin

image132.wmf
2

31225d

xxx

++

ò


oleObject158.bin

oleObject159.bin

image133.wmf
2

3(2)13625

xyx

+++

„„


oleObject160.bin

image134.wmf
2

625,3(2)13

yxyx

<+>++


oleObject161.bin

image135.wmf
(

)

{

}

(

)

{

}

2

,:3(2)13,:625

xyyxxyyx

>++Ç<+


oleObject162.bin

image136.wmf
(

)

,

xyyx

««


image10.wmf
23

14832....

xxx

=+-++


oleObject163.bin

image137.wmf
625

yx

<+


oleObject164.bin

image138.wmf
2

3(2)13

yx

>++


oleObject165.bin

image139.wmf
(

)

{

}

(

)

{

}

2

,:3(2)13,:625

xyyxxyyx

>++È<+


oleObject166.bin

image140.wmf
2

3(2)13625,0

xyxx

++<<+<


oleObject167.bin

image141.wmf
e

kt

nA

=


oleObject11.bin

oleObject168.bin

image142.wmf
e

t

n

±

=


oleObject169.bin

image143.wmf
e

t

nA

±

=


oleObject170.bin

image144.wmf
e

kt

nA

±

=


oleObject171.bin

image145.wmf
e

t

nAB

±

=+


oleObject172.bin

image146.wmf
ln

nktc

=+


image11.wmf
1

32

x

=


oleObject173.bin

image147.wmf
ln

nkt

=


oleObject174.bin

image148.wmf
e,e,ee

ktktcktc

nAnn

+

===


oleObject175.bin

image149.wmf
e

ktc

n

+

=


oleObject176.bin

image150.wmf
ee

ktc

n

=+


oleObject177.bin

image151.wmf
e

kt

nA

=+


oleObject12.bin

oleObject178.bin

image152.wmf
t

nAk

=


oleObject179.bin

image153.wmf
d

lnln

d

t

n

Akkkn

t

=´=´


oleObject180.bin

image154.wmf
d

d

n

n

t

µ


oleObject181.bin

image155.wmf
(

)

22

f()42e

x

xx

-

=-


oleObject182.bin

image156.wmf
(

)

222

e8422e

xx

xx

--

´+-´-


image12.wmf
(

)

1

2

18

x

+


oleObject183.bin

image157.wmf
(

)

{

}

22

f()8e2

x

xxx

-

¢

=--=


oleObject184.bin

image158.wmf
(

)

22

82e

x

xx

-

+-


oleObject185.bin

image159.wmf
f()0

x

¢

=


oleObject186.bin

image160.wmf
1,2

x

=-


oleObject187.bin

image161.wmf
(

)

2

1,4e

--


oleObject13.bin

oleObject188.bin

image162.wmf
(

)

4

2,8e

-


oleObject189.bin

image163.wmf
)

2

8e,

é

-¥

ë


oleObject190.bin

image164.wmf
2

g()8e

x

-

…


oleObject191.bin

image165.wmf
(

)

2f(0)328319

-=´--=-


oleObject192.bin

image166.wmf
4

2''8e''3

-

´-


image13.wmf
5

2


oleObject193.bin

image167.wmf
4

19,16e3

-

éù

--

ëû


oleObject194.bin

image168.wmf
22

ee,0

xx

kk

--

®¹


oleObject195.bin

image169.wmf
2

2

4(2),e

x

uxv

-

=-=


oleObject196.bin

image170.wmf
2

'....,'...e

x

uv

-

==


oleObject197.bin

image171.wmf
''

vuuv

+


oleObject14.bin

oleObject198.bin

image172.wmf
(

)

222

f()e2e

xx

xpxqx

--

¢

=±-


oleObject199.bin

image173.wmf
222

f()4e8e

xx

xx

--

=-


oleObject200.bin

image174.wmf
(

)

2

2

42

f()

e

x

x

u

x

v

-

==


oleObject201.bin

image175.wmf
2

'e

x

vk

=


oleObject202.bin

image176.wmf
2

''

f()

vuuv

x

v

-

¢

=


image14.wmf
1

32

x

=


oleObject203.bin

image177.wmf
f()

x

¢


oleObject204.bin

image178.wmf
(

)

222

4

8e82e

f()

e

xx

x

xx

x

--

¢

=


oleObject205.bin

oleObject206.bin

image179.wmf
d

d

y

x


oleObject207.bin

image180.wmf
(

)

222

f()8e82e

xx

xxx

--

¢

=--


oleObject208.bin

oleObject15.bin

image181.wmf
(

)

222

f()42e422e

xx

xxx

--

¢

=´+-´-


oleObject209.bin

image182.wmf
(

)

22

82e

x

xx

-

-+


oleObject210.bin

oleObject211.bin

oleObject212.bin

oleObject213.bin

image183.wmf
2

4e

-


oleObject214.bin

image184.wmf
4

8e0.147

-

=


image15.wmf
23

14832

xxx

+-+


oleObject215.bin

oleObject216.bin

oleObject217.bin

image185.wmf
2

1,4e

xy

=-=-


oleObject218.bin

image186.wmf
0

x

=


oleObject219.bin

oleObject220.bin

image187.wmf
22

g8e,8e

y

--

……


oleObject221.bin

oleObject16.bin

image188.wmf
{

}

2

,8e

qq

Î-

R…


oleObject222.bin

image189.wmf
4

2their''8e''3

-

´-


oleObject223.bin

oleObject224.bin

image190.wmf
4

1916e3

y

-

--

„„


oleObject225.bin

image191.wmf
2

1d2d

xuxuu

=+Þ=


oleObject226.bin

image192.wmf
(

)

(

)

(

)

(

)

2

3d32d

1132

1321

xuu

uu

xx

´

=

+-+

-+-

òò


image16.wmf
1

2

n

=


oleObject227.bin

image193.wmf
2,3

pq

==


oleObject228.bin

image194.wmf
32

u

´

=

2

d

u

u

(

)

32

u

+

ò


oleObject229.bin

image195.wmf
(

)

6d

32

u

uu

=

+

ò


oleObject230.bin

image196.wmf
(

)

6

...,...

3232

AB

AB

uuuu

=+Þ==

++


oleObject231.bin

image197.wmf
(

)

624

3232

uuuu

=-

++


oleObject17.bin

oleObject232.bin

image198.wmf
(

)

(

)

(

)

6d

2ln2ln32

32

u

uuc

uu

=-++

+

ò


oleObject233.bin

image199.wmf
''3'',''2''

uu

==


oleObject234.bin

image200.wmf
ln

kb


oleObject235.bin

image201.wmf
(

)

(

)

7

2ln32ln92ln22ln72ln

6

---=


oleObject236.bin

image202.wmf
49

ln

36


image17.wmf
C

n

r


oleObject237.bin

image203.wmf
d2d

xuu

=


oleObject238.bin

image204.wmf
d

2

d

x

u

u

=


oleObject239.bin

image205.wmf
(

)

1

2

d1

1

d2

u

x

x

-

=-


oleObject240.bin

image206.wmf
2

1

xu

=+


oleObject241.bin

image207.wmf
d...d

xuu

®


oleObject18.bin

oleObject242.bin

oleObject243.bin

oleObject244.bin

image208.wmf
(

)

lnln32

PuQu

++


oleObject245.bin

image209.wmf
lnln(32)

322

ABB

Auu

uu

+®++

+


oleObject246.bin

image210.wmf
ln

kb


oleObject247.bin

image211.wmf
ln

a


image18.wmf
(

)

2

11

22

*

2!

x

´-

´


oleObject248.bin

oleObject249.bin

image212.wmf
22

100

xy

+=


oleObject250.bin

image213.wmf
(

)

2

2

1540

xy

-+=


oleObject251.bin

image214.wmf
(

)

2

2

1510040...

xxx

-+-=Þ=


oleObject252.bin

image215.wmf
3032540

x

Þ-+=


oleObject253.bin

oleObject19.bin

image216.wmf
9.5

x

Þ=


oleObject254.bin

image217.wmf
39

= awrt3.12

2

y

=±


oleObject255.bin

image218.wmf
1

C


oleObject256.bin

image219.wmf
''9.5''

cos

10

a=


oleObject257.bin

image220.wmf
a


oleObject258.bin

image19.wmf
(

)

3

113

222

*

3!

x

´-´-

´


image221.wmf
2

´


oleObject259.bin

image222.wmf
9.5

2arcos0.635

10

æö

´=

ç÷

èø


oleObject260.bin

image223.wmf
(

)

1020.635

´-

p


oleObject261.bin

image224.wmf
2

C


oleObject262.bin

image225.wmf
15''9.5''

cos...

40

-

=Þ=

bb


oleObject263.bin

oleObject20.bin

oleObject264.bin

image226.wmf
(

)

4022

´-

pb


oleObject265.bin

image227.emf

image228.wmf
a


oleObject266.bin

image229.wmf
9.5

x

=


oleObject267.bin

oleObject268.bin

oleObject269.bin

image20.wmf
23

14832

xxx

+-+


image230.wmf
''9.5''

cos

10

a=


oleObject270.bin

oleObject271.bin

oleObject272.bin

image231.wmf
2

100''9.5''

tan(0.3286...)

''9.5''

-

a==


oleObject273.bin

image232.wmf
a


oleObject274.bin

oleObject275.bin

image233.wmf
(

)

2

22

101039

161

cos

21010200

+-

==

´´

AOB


oleObject21.bin

oleObject276.bin

image234.wmf
39

sin0.31720.635

20

AOB

a=Þa=Þ=a=


oleObject277.bin

image235.wmf
36.4

°


oleObject278.bin

image236.wmf
sr

=

q


oleObject279.bin

image237.wmf
10

r

=


oleObject280.bin

image238.wmf
=2-0.635

qp


image21.wmf
23

1,4,8,32

xxx

-


oleObject281.bin

image239.wmf
10+40100.635...

22-´

pp


oleObject282.bin

oleObject283.bin

image240.wmf
''3.12'''

tan

159.5

=

-

b


oleObject284.bin

image241.wmf
(

)

2

404039

41

cos

80

24040

X

+-

==

´´

AB


oleObject285.bin

image242.emf

image243.wmf
A


oleObject22.bin

oleObject286.bin

image244.wmf
X


oleObject287.bin

image245.wmf
O


oleObject288.bin

image246.wmf
B


oleObject289.bin

oleObject290.bin

oleObject291.bin

image247.wmf
1

cosec

sin

=

q

q


oleObject23.bin

oleObject292.bin

image248.wmf
2

11sin

cosecsinsin

sinsin

-

-=-=

q

qqq

qq


oleObject293.bin

image249.wmf
2

coscos

coscoscot

sinsin

==´=

qq

qqq

qq


oleObject294.bin

image250.wmf
(

)

cosecsincoscot350

xxxx

-=-°


oleObject295.bin

image251.wmf
(

)

coscotcoscot350

xxxx

Þ=-°


oleObject296.bin

image252.wmf
(

)

cotcot350350

xxxx

=-°Þ=-°


oleObject24.bin

oleObject297.bin

image253.wmf
25

x

=°


oleObject298.bin

image254.wmf
(

)

cotcot350180350

xxxx

=-°Þ+°=-°


oleObject299.bin

image255.wmf
115

x

=°


oleObject300.bin

image256.wmf
90

x

=°


oleObject301.bin

image257.wmf
'

s

q


oleObject25.bin

oleObject302.bin

oleObject303.bin

image258.wmf
1

cosec

sin

=

q


oleObject304.bin

image259.wmf
q


oleObject305.bin

oleObject306.bin

image260.wmf
2

11sin

sin

sinsinsin

-=-

q

q

qqq


oleObject307.bin

oleObject308.bin

image22.wmf
5

4


image261.wmf
cos

x


oleObject309.bin

image262.wmf
350

xx

=-°


oleObject310.bin

image263.wmf
cotcot0cot()0

ABAB

-=Þ-=


oleObject311.bin

image264.wmf
tantan0tan()0

ABAB

-=Þ-=


oleObject312.bin

image265.wmf
cotcotcot()

ABAB

-=-


oleObject313.bin

oleObject26.bin

image266.wmf
tantantan()

ABAB

-=-


oleObject314.bin

oleObject315.bin

image267.wmf
cot

x


oleObject316.bin

image268.wmf
180

°


oleObject317.bin

image269.wmf
180350

xx

+°=-°


oleObject318.bin

oleObject319.bin

oleObject27.bin

oleObject320.bin

image270.wmf
tan

x


oleObject321.bin

oleObject322.bin

oleObject323.bin

image271.wmf
cos090

xx

=Þ=°


oleObject324.bin

image272.wmf
(

)

(

)

coscotcoscot350cotcot35025,115

xxxxxxx

=-°Þ=-°Þ=°°


oleObject325.bin

image273.wmf
cos

cot

sin

=

q

q

q


image23.wmf
»


oleObject326.bin

image274.wmf
22

cos1sin

coscot

sinsin

-

==

qq

qq

qq


oleObject327.bin

image275.wmf
1

sin=cosecsin

sin

=--

qqq

q


oleObject328.bin

image276.wmf
cos

cot

sin

=

q

q

q


oleObject329.bin

oleObject330.bin

image277.wmf
22

2

11sincos

sin

sinsinsin

cos

coscot=

sin

LHS

RHS

-

=-==

=

qq

q

qqq

q

qq

q


oleObject331.bin

oleObject28.bin

image278.wmf
cosecsincoscot

-º

qqqq


oleObject332.bin

image279.wmf
º


oleObject333.bin

image280.wmf
(

)

(

)

(

)

cos350

cos

cotcot350

sinsin350

x

x

xx

xx

-°

=-°Þ=

-°


oleObject334.bin

image281.wmf
(

)

(

)

(

)

(

)

sin350coscos350sin0

sin3500

xxxx

xx

-°--°=

-°-=


oleObject335.bin

image282.wmf
2500

x

-°=


oleObject336.bin

image24.wmf
1

23

2

8111

114832

32323232

æöæöæö

++´-´+´

ç÷ç÷ç÷

èøèøèø

=


oleObject337.bin

image283.wmf
250180

x

-°=°


oleObject338.bin

oleObject339.bin

oleObject340.bin

image284.wmf
(

)

1

2

n

n

n

ka

a

a

+

+

=


oleObject341.bin

image285.wmf
1

2

a

=


oleObject342.bin

image286.wmf
(

)

1234

(3)

2,2,1,

1

kk

aakaka

k

+

===+=

+


oleObject29.bin

oleObject343.bin

image287.wmf
4

a


oleObject344.bin

image288.wmf
1

a


oleObject345.bin

image289.wmf
22

(3)

232220

1

kk

kkkkk

k

+

=Þ+=+Þ+-=

+


oleObject346.bin

image290.wmf
1

k

=


oleObject347.bin

image291.wmf
1/42/53/6

2,4,1,

aaa

==-=-


image25.wmf
51145

21024

=


oleObject348.bin

image292.wmf
(

)

80

1

2624124

k

n

a

=

=´+-+-++-

å


oleObject349.bin

image293.wmf
80

=-


oleObject350.bin

image294.wmf
(

)

1

2

n

n

n

ka

a

a

+

+

=


oleObject351.bin

image295.wmf
2

2

ak

=


oleObject352.bin

image296.wmf
(

)

11

22

2

k

a

+

+

=


oleObject30.bin

oleObject353.bin

image297.wmf
14

aa

®


oleObject354.bin

image298.wmf
14

aa

=


oleObject355.bin

image299.wmf
4

2

a

=


oleObject356.bin

image300.wmf
3

a


oleObject357.bin

image301.wmf
1

k

+


oleObject31.bin

oleObject358.bin

image302.wmf
1

a


oleObject359.bin

image303.wmf

oleObject360.bin

image304.wmf
1234

(3)

2,2,1,

1

kk

aakaka

k

+

===+=

+


oleObject361.bin

image305.wmf
(3)

2

1

kk

k

+

=

+


oleObject362.bin

oleObject363.bin

image26.wmf
23

14832

xxx

+-+


image306.wmf
21

2

aa

==


oleObject364.bin

image307.wmf
1/42/53/6

2,4,1,

aaa

==-=-


oleObject365.bin

image308.wmf
8078

7980

11

rr

rr

aaaa

==

æö

ç÷

=++

ç÷

èø

åå


oleObject366.bin

image309.wmf
(

)

2624124

´+-+-++-


oleObject367.bin

image310.wmf
8081

81

11

rr

rr

aaa

==

æö

ç÷

=-

ç÷

èø

åå


oleObject368.bin

oleObject32.bin

image311.wmf
(

)

(

)

272411

´+-+---


oleObject369.bin

image312.wmf
(

)

(

)

272272261

kk

´+´+´+


oleObject370.bin

image313.wmf
8080

k

+


oleObject371.bin

image314.wmf
2

k

=-


oleObject372.bin

image315.wmf
8080

k

+


oleObject373.bin

image27.wmf
5


image316.wmf
80

-


oleObject374.bin

oleObject375.bin

image317.wmf
(

)

22

33

241

26263

´+-+-=´-


oleObject376.bin

image318.wmf
d

d

V

c

t

=-


oleObject377.bin

image319.wmf
ddd

ddd

VVr

trt

=´


oleObject378.bin

oleObject379.bin

oleObject33.bin

image320.wmf
2

d

4

d

V

r

r

=

p


oleObject380.bin

image321.wmf
2

22

dd

4

dd4

rrck

cr

ttrr

-=´Þ=-=-

p

p


oleObject381.bin

image322.wmf
2

2

d

dd

d

rk

rrkt

tr

=-Þ=-

òò


oleObject382.bin

image323.wmf
(

)

3

3

r

kt

=-+

a


oleObject383.bin

image324.wmf
0,40...

tr

==Þ=

a


oleObject384.bin

image28.wmf
23

111

14832

323232

æöæö

+´-´+´

ç÷ç÷

èøèø


image325.wmf
64000

3

=

a


oleObject385.bin

image326.wmf
5,20&......

trk

===Þ=

a


oleObject386.bin

image327.wmf
3

6400011200

rt

=-


oleObject387.bin

image328.wmf
''6400011200''...0...

tt

-Þ


oleObject388.bin

image329.wmf
40

7


oleObject389.bin

oleObject34.bin

oleObject390.bin

image330.wmf
d

d

V

c

t

=


oleObject391.bin

oleObject392.bin

image331.wmf
d

d

V

t


oleObject393.bin

oleObject394.bin

oleObject395.bin

oleObject396.bin

image332.wmf
2

d

d

V

r

r

=l


image29.wmf
511451145

5

21024512

=®=


oleObject397.bin

image333.wmf
2

d

d4

rc

tr

=-

p


oleObject398.bin

image334.wmf
d

d

V

k

t

=-


oleObject399.bin

image335.wmf
22

dd

d4d

rkrk

trtr

=-®=-

p


oleObject400.bin

image336.wmf
1

4

p


oleObject401.bin

image337.wmf
4

k

p


oleObject35.bin

oleObject402.bin

image338.wmf
k


oleObject403.bin

image339.wmf
3

Vr

=k


oleObject404.bin

image340.wmf
3

4

Vr

=


oleObject405.bin

image341.wmf
(

)

3

3

r

kt

=-+

a


oleObject406.bin

image342.wmf
+

a


oleObject36.bin

oleObject407.bin

image343.wmf
a


oleObject408.bin

oleObject409.bin

image344.wmf
3

6400011200

333

r

t

=-


oleObject410.bin

image345.wmf
21333.

3

·


oleObject411.bin

image346.wmf
64000

3


oleObject412.bin

oleObject37.bin

image347.wmf
64000

3


oleObject413.bin

image348.wmf
0

r

…


oleObject414.bin

image349.wmf
0

r

>


oleObject415.bin

image350.wmf
,,,0

n

arbctabc

=->


oleObject416.bin

image351.wmf
40

7


oleObject417.bin

image30.wmf
(

)

31210

4531log4210log5

p

p

-

=Þ-=


image352.wmf
40

7

t

<


oleObject418.bin

image353.wmf
40

7

t

„


oleObject419.bin

oleObject420.bin

image354.wmf
64000

their''''

11200

t

<


oleObject421.bin

image355.wmf
222

d

tan92tansec0

d

y

xyxyxy

x

=Þ+=


oleObject422.bin

image356.wmf
d

d

y

x


oleObject38.bin

oleObject423.bin

image357.wmf
22

sec1tan1f()

yyx

=+=+


oleObject424.bin

image358.wmf
2

4

2

4

9

2

d18

81

d81

1

x

yx

x

xx

x

x

-´

-

==

+

æö

+

ç÷

èø


oleObject425.bin

image359.wmf
4

d18

d81

yx

xx

-

=

+


oleObject426.bin

image360.wmf
(

)

(

)

(

)

(

)

(

)

(

)

434

2

22

2

44

18811845427

d

d

8181

xxxx

y

x

xx

-´+---

Þ==

++


oleObject427.bin

image361.wmf
4

27

x

<


image1.jpeg
@ Pearson

Edexcel




image31.wmf
210log5

31...

log4

pp

Þ=+Þ=


oleObject428.bin

image362.wmf
2

2

d

0

d

y

x

Þ<


oleObject429.bin

image363.wmf
4

27

x

=


oleObject430.bin

image364.wmf
2

2

d

0

d

y

x

Þ=


oleObject431.bin

image365.wmf
4

27

x

>


oleObject432.bin

image366.wmf
2

2

d

0

d

y

x

Þ>


oleObject39.bin

oleObject433.bin

image367.wmf
4

27

x

=


oleObject434.bin

image368.wmf
tan

y


oleObject435.bin

image369.wmf
2

d

tansec

d

y

yy

x

®


oleObject436.bin

image370.wmf
2

d

cotcosec

d

y

yy

x

®-


oleObject437.bin

image371.wmf
2

2

9d

tansec....

d

y

yy

xx

=Þ=


image32.wmf
awrt81.6

p

=


oleObject438.bin

image372.wmf
1

2

2

tan93tan

xyxy

-

=Þ=


oleObject439.bin

image373.wmf
13

2

22

tan...tansec

yyy

--

®


oleObject440.bin

image374.wmf
22

d

2tansec0

d

y

xyxy

x

+=


oleObject441.bin

image375.wmf
2

3

d18

sec

d

y

y

xx

=-


oleObject442.bin

image376.wmf
2

d

29cosec

d

y

xy

x

=-


oleObject40.bin

oleObject443.bin

oleObject444.bin

oleObject445.bin

image377.wmf
4

d18

d81

yx

xx

-

=

+


oleObject446.bin

image378.wmf
2

''

vuuv

v

-


oleObject447.bin

image379.wmf
3

4

18,81,'18,'...

uxvxuvx

=-=+=±=


oleObject448.bin

image380.wmf
(

)

(

)

(

)

43

2

4

188118

81

xxax

x

±´+±

+


image33.wmf
(

)

210log5

31log4210log531...

log4

ppp

-=Þ=±Þ=


oleObject449.bin

image381.wmf
(

)

(

)

12

443

18811881

xxxcx

--

±+±+´


oleObject450.bin

image382.wmf
(

)

(

)

4

2

2

2

4

5427

d

d

81

x

y

x

x

-

=

+


oleObject451.bin

image383.wmf
(

)

24

2

2

4

d541458

d

81

yx

x

x

-

=

+


oleObject452.bin

image384.wmf
2

4

4

2

d

02727

d

y

xx

x

=Þ=Þ=


oleObject453.bin

image385.wmf
4

27

x

=


oleObject41.bin

oleObject454.bin

image386.wmf
2

2

d

d

y

x


oleObject455.bin

image387.wmf
4

27

x

<


oleObject456.bin

image388.wmf
4

27

x

=


oleObject457.bin

image389.wmf
4

27

x

>


oleObject458.bin

image390.wmf
4

27

x

=


image34.wmf
(

)

310.602100.71.80.614782

ppp

-´=´Þ-=Þ=


oleObject459.bin

image391.wmf
4

27


oleObject460.bin

oleObject461.bin

image392.wmf
2

2

d

d

y

x


oleObject462.bin

image393.wmf
3

3

d

d

y

x


oleObject463.bin

image394.wmf
3

3

d

0

d

y

x

¹


oleObject464.bin

oleObject42.bin

image395.wmf
2

2

d

0

d

y

x

=


oleObject465.bin

oleObject466.bin

image396.wmf
(

)

33

3

3

4

d23328

0.219

d

81

yx

x

x

==

+


oleObject467.bin

oleObject468.bin

image397.wmf
22

2

9d1

arctan...

d

9

1

y

y

x

x

x

=®=´

æö

+

ç÷

èø


oleObject469.bin

image398.wmf
223

2

9d118

arctan

d

9

1

y

y

x

xx

x

=®=´-

æö

+

ç÷

èø


oleObject470.bin

image35.wmf
(

)

5

31log4210log53210log1

4

pp

-=Þ=±


image399.wmf
34

4

d11818

d81

1

1

yx

x

xx

x

-

=´-=

+

+


oleObject471.bin

image400.wmf
(

)

(

)

2225

pqpq

+-=


oleObject472.bin

image401.wmf
225

21

pq

pq

+=

-=


oleObject473.bin

image402.wmf
25

25

pq

pq

+=

-=


oleObject474.bin

image403.wmf
6.5,12

pq

==


oleObject475.bin

oleObject43.bin

image404.wmf
2.5,0

pq

==


oleObject476.bin

image405.wmf
22

425

pq

-=


oleObject477.bin

oleObject478.bin

oleObject479.bin

image406.wmf
21

225

pq

pq

+=

-=


oleObject480.bin

oleObject481.bin

image407.wmf
6.5

p

=


image36.wmf
3

31210210

4

455

4

p

p

-

=Þ=


oleObject482.bin

oleObject483.bin

oleObject484.bin

image408.wmf
22

pqpq

+¹-


oleObject485.bin

image409.wmf
,

pq


oleObject486.bin

image410.wmf
2

q


oleObject487.bin

image411.wmf
2

4

p


oleObject44.bin

oleObject488.bin

image412.wmf
2

4

p


oleObject489.bin

image413.wmf
2

q


oleObject490.bin

image414.wmf
2222

425425

pqqp

-=Þ=-


oleObject491.bin

image415.wmf
2222

425425

pqpq

-=Þ=+


oleObject492.bin

image416.wmf
21

qn

=±


image37.wmf
(

)

31210210

4

4531log5

p

p

-

=Þ-=


oleObject493.bin

image417.wmf
(

)

2

2

21425

np

±=-


oleObject494.bin

image418.wmf
(

)

2

22

44426462

pnnnn

=++=+++


oleObject495.bin

image419.wmf
(

)

2

22

13

444264

2

pnnnn

=++=++


oleObject496.bin

image420.wmf
2

2

13

2

pnn

=++


oleObject497.bin

image421.wmf
2

4

p


oleObject45.bin

oleObject498.bin

image422.wmf
2

p


oleObject499.bin

oleObject500.bin

image423.wmf
.

mn

¹


oleObject501.bin

oleObject502.bin

image424.wmf
(

)

2

22222

44(2)2116441

pqmnmnn

-=´-+=---


oleObject503.bin

image425.wmf
(

)

2

22222

44(21)211616443

pqmnmmnn

-=´+-+=+--+


image38.wmf
(

)

4

31210log5

p

-=


oleObject504.bin

oleObject46.bin

image39.wmf
AB

uuur


oleObject47.bin

image40.wmf
(

)

334

---

ijk


oleObject48.bin

