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General Marking Guidance 

· All candidates must receive the same treatment.  Examiners must mark the last candidate in exactly the same way as they mark the first.

· 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. 

· 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/indicative content will not be exhaustive. 
· When examiners are in doubt regarding the application of the mark scheme to a candidate’s response, a senior examiner must be consulted before a mark is awarded.

· Crossed out work should be marked UNLESS the candidate has replaced it with an alternative response.

PEARSON EDEXCEL GCE MATHEMATICS
General Instructions for Marking

1. The total number of marks for the paper is 100

2. These 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

· o.e. – or equivalent (and appropriate)

· d or dep – dependent

· indep – independent

· dp
decimal places

· sf
significant figures

· (
The answer is printed on the paper  or ag- answer given

4. All M marks are follow through. 

A marks are ‘correct answer only’ (cao.), unless shown, for example, as A1 ft to indicate that previous wrong working is to be followed through. After a misread however, the subsequent A marks affected are treated as A ft, but answers that don’t logically make sense e.g. if an answer given for a probability is >1 or <0, should never be awarded A marks. 

5. 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. 

6. 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. 
7. Ignore wrong working or incorrect statements following a correct answer.
8. 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. If no such alternative answer is provided but the response is deemed to be valid, examiners must escalate the response for a senior examiner to review. 

	Question
	Scheme
	Marks
	AOs

	1
	     
[image: image1.wmf]111

cossin2tan

210

qqq

æö

-+=

ç÷

èø


[image: image2.wmf]
	
	

	(a)
	      
[image: image3.wmf]2

1111

12

2210

qqq

--+»


	M1
	1.2

	
	
	A1
	1.1b

	
	
[image: image4.wmf]22

131

051510*

2210

qqqq

Þ-+»Þ-+»


	A1*
	2.1

	
	
	(3)
	

	(b)
	
[image: image5.wmf]0.068

q

=

 is valid because 
[image: image6.wmf]q

 is small


[image: image7.wmf]2.932

q

=

 is not valid because 
[image: image8.wmf]q

 is large
	B1
	2.3

	
	
	(1)
	

	(4 marks)

	Question 1 Notes:

	(a)
	

	M1:
	At least two of either 
[image: image9.wmf]2

1

cos1,

2

qq

»-

 
[image: image10.wmf]11

sin

22

qq

æö

»

ç÷

èø

 or 
[image: image11.wmf]tan

qq

»

  substituted into the given

	
	equation

	A1:
	Substitutes 
[image: image12.wmf]2

111

cos1,sin

222

qqqq

æö

»-»

ç÷

èø

 and 
[image: image13.wmf]tan

qq

»

 into the given equation to obtain a 

	
	correct (un-simplified) approximation or equation.  E.g. 
[image: image14.wmf]2

1111

12

2210

qqq

--+»

 or 
[image: image15.wmf]11

10

=



	A1*:
	Obtains 
[image: image16.wmf]2

51510

qq

-+»

 (condone 
[image: image17.wmf]2

51510)

qq

-+=

with no errors seen in their working

	(b)
	

	B1:
	States 
[image: image18.wmf]0.068

q

=

 is valid because 
[image: image19.wmf]q

 is small; and 
[image: image20.wmf]2.932

q

=

 is not valid because 
[image: image21.wmf]q

 is large

	(b)
	

	Alt 1
	
[image: image22.wmf]1

LHScossin2tan

2

qqq

æö

=-+

ç÷

èø



	B1:
	States 
[image: image23.wmf]0.068

q

=

 is valid and 
[image: image24.wmf]2.932

q

=

 is not valid based on testing these two values in the original equation

	
	Note:  
[image: image25.wmf]0.068LHS1.0999...&2.932LHS2.3980...

qq

=Þ==Þ=-



	
	Note:  
[image: image26.wmf]0.068218...LHS1.1002...&2.931782...LHS2.

3984...

qq

=Þ==Þ=-




	Question
	Scheme
	Marks
	AOs

	2
	     
[image: image27.wmf]4

61,5,0

3

xtyt

t

=+=-¹


[image: image28.wmf]
	
	

	
	  
[image: image29.wmf]14

5

1

6

3

6

x

ty

x

-

ìü

=Þ=-

íý

-

æö

îþ

ç÷

èø

     
	M1
	1.1b

	
	
	A1
	1.1b

	
	
[image: image30.wmf]485(1)8

55

1

11

2

x

yyy

x

xx

--

Þ=-Þ=-Þ=

-

--

æö

ç÷

èø

  


[image: image31.wmf]513

,1

1

x

yx

x

-

Þ=¹

-

        
[image: image32.wmf]{5,13,1}

abk

==-=

 
	A1
	2.1

	
	
	(3)
	

	Alt 1
	
[image: image33.wmf]44

61

3(5)3(5)

tx

yy

ìüæö

=Þ=+

íý

ç÷

--

îþèø


	M1
	1.1b

	
	
	A1
	1.1b

	
	
[image: image34.wmf]8

1(1)(5)8558

(5)

513

558513(1),1

1

xxyxxyy

y

x

xxyyxyxyx

x

Þ=+Þ--=Þ--+=

-

-

Þ--=-Þ-=-Þ=¹

-


	A1
	2.1

	
	
	(3)
	

	(3 marks)

	Question 2 Notes:

	M1:
	An attempt to eliminate t 

	A1:
	Achieves a correct equation in x and y only which can be un-simplified or simplified

	A1:
	Uses correct algebra to show 
[image: image35.wmf]513

,1

1

x

yx

x

-

=¹

-

 


	Question
	Scheme
	Marks
	AOs

	3 (a)
	
[image: image36.wmf]{

}

212

d

148(5)28(5)

d

y

yxkxxxkx

x

--

=++--Þ=++-


	M1
	1.1b

	
	
	A1
	1.1b

	
	
[image: image37.wmf]2

dd8

At3,02(3)0

dd(35)

yy

xk

xx

ìü

==Þ=++=

íý

-

îþ


	dM1
	1.1b

	
	
[image: image38.wmf]8

606208*

4

kkk

Þ++=Þ++=Þ=-


	A1*
	2.1

	
	
	(4)
	

	(b)
	    
[image: image39.wmf]2

2

23

d16

216(5)2

d(5)

y

x

xx

-

=--=-

-


	
	

	
	   When 
[image: image40.wmf]2

23

d16

3,2

d(35)

y

x

x

==-

-

 
	M1
	1.1b

	
	   
[image: image41.wmf]2

2

d

40

d

y

x

=>Þ

 {local} minimum {stationary point at P}
	A1
	2.1

	
	
	(2)
	

	(b)

Alt 1
	E.g.   
[image: image42.wmf]2

d

2.9,2(2.9)88(2.95)0.38594...0

d

y

x

x

-

==-+-=-<


         
[image: image43.wmf]2

d

3.1,2(3.1)88(3.15)0.41606...0

d

y

x

x

-

==-+-=>


          
[image: image44.wmf]Þ

{local} minimum {stationary point at P}
	M1
	1.1b

	
	
	A1
	2.1

	
	
	(2)
	

	(c)
	Criteria 1 (Accept any one of the two following points)

· 
[image: image45.wmf]2

23

d16

At7,20

d(75)

y

x

x

==-=

-

 

· 
[image: image46.wmf]2

3

23

d16

20(5)8257

d(5)

y

xxx

xx

=-=Þ-=Þ=+Þ=

-


	
	

	
	Criteria 2 (Accept any one of the two following points)

· 
[image: image47.wmf]2

2

d

At6.9,0.33...0

d

y

x

x

==-<

  and 
[image: image48.wmf]2

2

d

at7.1,0.27...0

d

y

x

x

==>


· 
[image: image49.wmf]3

33

d48

d(5)

y

xx

=

-

 and 
[image: image50.wmf]3

33

d48

at7,60

d(75)

y

x

x

ìü

===¹

íý

-

îþ


	
	

	
	At least one of Criteria 1 or Criteria 2
	M1
	2.1

	
	Both Criteria 1 and Criteria 2 (with correct calculations) 

and concludes the curve has a {non-stationary} point of inflection at 
[image: image51.wmf]7

x

=

 
	A1
	2.4

	
	
	(2)
	

	(d)
	Sign change method is not valid because either 

· the curve is not defined at 
[image: image52.wmf]5

x

=

 

· the curve is not continuous over the interval (4.5, 5.5)
	B1
	2.4

	
	
	(1)
	

	(9 marks)


	Question 3 Notes:

	(a)
	

	M1:
	At least one of either 
[image: image53.wmf]2

xAx

®±

 or 
[image: image54.wmf]kxk

®

 or  
[image: image55.wmf]2

8

(5);,0

(5)

BxAB

x

-

-®±-¹

-



	A1:
	
[image: image56.wmf]2

d

28(5),

d

y

xkx

x

-

=++-

 which may be un-simplified or simplified

	dM1
	dependent on the previous M mark

	
	Complete strategy of substituting 
[image: image57.wmf]3

x

=

 into their equation for 
[image: image58.wmf]d

d

y

x

 and setting 
[image: image59.wmf]d

d

y

x

 equal to 0

	A1*:
	Correctly shows 
[image: image60.wmf]8

k

=-

 with no errors in their working

	(b)
	

	M1:
	Evidence of substituting 
[image: image61.wmf]3

x

=

 into an expression for 
[image: image62.wmf]2

2

d

d

y

x

 which is in the form 
[image: image63.wmf]3

(5);

x

ab

-

±±-



	
	
[image: image64.wmf],0

ab

¹



	A1:
	For a correct calculation, a valid reason and a correct conclusion

	(b)
	

	Alt 1
	

	M1:
	Uses 
[image: image65.wmf]d

d

y

x

 which is in the form 
[image: image66.wmf]2

8(5);,0

xx

abab

-

±-±-¹

 and finds values for 
[image: image67.wmf]d

d

y

x

 either side  

	
	of 
[image: image68.wmf]3

x

=



	A1:
	For correct calculations, a valid reason and a correct conclusion

	(c)
	

	M1:
	See scheme

	A1:
	See scheme

	(d)
	

	B1:
	States that the sign change method is not valid together with an acceptable reason as indicated in the scheme





	Question
	Scheme
	Marks
	AOs

	4
	     
[image: image69.wmf]32

f()672,

xxxxx

=-++Î

¡


[image: image70.wmf]
	
	

	(a)
	
[image: image71.wmf]2

f()(2)(41)

xxxx

=---


	M1
	2.2a

	
	
	A1
	1.1b

	
	
	(2)
	

	(b)

(i), (ii)
	{Note: 
[image: image72.wmf](2)02

Q

xx

-=Þ=

 is known and at P, R, 
[image: image73.wmf]2

(41)0

xx

--=

}
	
	

	
	
[image: image74.wmf]2

(2)410

x

---=

   or   
[image: image75.wmf]4164(1)(1)

2(1)

x

±--

=

 
	M1
	1.1b

	
	 
[image: image76.wmf]25

P

x

Þ=-

 and 
[image: image77.wmf]25

R

x

=+


	A1
	1.1b

	
	
	(2)
	

	(c)
	    
[image: image78.wmf]32

sin6sin7sin20,12,

qqqpqp

-++=-

„„

 
	
	

	
	Deduces that there are 14 real solutions for 
[image: image79.wmf]12

pqp

-

„„


	B1
	2.2a

	
	Correct justification.  E.g.

Both

· 
[image: image80.wmf]sin2

q

=

 and  
[image: image81.wmf]sin254.236...

q

=+=

 have no real solutions

and either

· 
[image: image82.wmf]sin250.236...

q

=-=-

 has 2 real solutions for each interval of 
[image: image83.wmf]2.

p

  So there are 12 real solutions in the interval 
[image: image84.wmf][0,12]

p

and          2 real solutions in the interval  
[image: image85.wmf][,0]

p

-


· 
[image: image86.wmf]sin250.236...

q

=-=-

 has 2 real solutions for each interval of 
[image: image87.wmf]2.

p

  So there are 12 real solutions in the interval 
[image: image88.wmf][,11]

pp

-

 and     2 real solutions in the interval  
[image: image89.wmf][11,12]

pp


· 
[image: image90.wmf]sin250.236...

q

=-=-

 has 2 real solutions for each interval of 
[image: image91.wmf]2.

p

  So there are 14 real solutions in the interval 
[image: image92.wmf][2,12]

pp

-

 and no real solutions in the interval  
[image: image93.wmf][2,]

pp

--


· 
[image: image94.wmf]sin250.236...

q

=-=-

 has two real solutions in each of 
[image: image95.wmf][,0],[,2],[3,4],[5,6],[7,8],[9,10]

ppppppppppp

-

 and 
[image: image96.wmf][11,12]

pp


	B1ft
	2.4

	
	
	(2)
	

	(6 marks)


	Question 4 Notes:

	(a)
	

	M1:
	Deduces 
[image: image97.wmf](2)

x

-

is a factor of 
[image: image98.wmf]f()

x

 and attempts to find a quadratic factor of 
[image: image99.wmf]f()

x

 by either  

	
	equating coefficients or by algebraic long division

	A1:
	
[image: image100.wmf]2

(2)(41)

xxx

---



	(b)
	

	(i), (ii)
	

	M1:
	Correct method (i.e. completing the square or applying the quadratic formula) to solve a 3TQ. 

	
	Note:  M1 can be given here for at least one of either  
[image: image101.wmf]25

-

 or 
[image: image102.wmf]25

+

 written down in part (b).

	A1:
	Finds and identifies the correct exact x coordinate of P and the correct exact x coordinate of R 

	(c)
	

	B1:
	Correct deduction of 14 (real solutions)

	B1:
	See scheme


	Question
	Scheme
	Marks
	AOs

	5
	Let 
[image: image103.wmf]P

x

 be the positive solution and 
[image: image104.wmf]N

x

be the negative solution of 
[image: image105.wmf]f()0

x

=


Note: 
[image: image106.wmf]f()

yx

=

is symmetrical about the line 
[image: image107.wmf]5

3

x

=


	
	

	(a)
	
[image: image108.wmf]f()7350357

xxx

=--=Þ-=


at least one of either…
	M1
	2.1

	
	· 
[image: image109.wmf]3574

P

xx

-=Þ=

 
	· 
[image: image110.wmf]2

357

3

N

xx

-=-Þ=-


	A1
	1.1b

	
	
[image: image111.wmf]12

Area()4(7)

23

R

æö

=--

ç÷

èø

  or   
[image: image112.wmf]15

24(7)

23

æö

æö

-

ç÷

ç÷

èø

èø

  or  
[image: image113.wmf]152

2(7)

233

æö

æö

--

ç÷

ç÷

èø

èø


	M1
	3.1a

	
	               
[image: image114.wmf]49

3

=

 or  
[image: image115.wmf]2

1

16(units)

3


	A1
	1.1b

	
	
	(4)
	

	(b)
	    
[image: image116.wmf]735,

xk

--=

 k is a constant, has two distinct real solutions
	
	

	
	     Deduces that   
[image: image117.wmf]7

k

<


	B1
	2.2a

	
	
	(1)
	

	(5 marks)

	Question 5 Notes:

	(a)
	

	M1:
	Complete process of using the modulus function 
[image: image118.wmf]f()

yx

=

 to find at least one of the x coordinates where 
[image: image119.wmf]f()

yx

=

cuts through the x-axis.

	A1:
	At least one of either 
[image: image120.wmf]4

x

=

 or 
[image: image121.wmf]2

3

x

=-



	M1:
	Finds at least one value where 
[image: image122.wmf]f()

yx

=

cuts through the x-axis together with a complete process to find the 
[image: image123.wmf]Area()

R

;   e.g.

· 
[image: image124.wmf](

)

(

)

1

theirtheir7

2

PN

xx

-

 

·  
[image: image125.wmf]15

2their(7)

23

P

x

æö

æö

-

ç÷

ç÷

èø

èø

, where 
[image: image126.wmf]5

their

3

P

x

>


· 
[image: image127.wmf]15

2their(7),

23

N

x

æö

æö

-

ç÷

ç÷

èø

èø

where 
[image: image128.wmf]their0

N

x

<



	A1:
	See scheme

	(b)
	

	B1:
	Uses Figure 3 and the equation 
[image: image129.wmf]f()

yx

=

 to deduce the correct answer.  E.g.

· 
[image: image130.wmf]7

k

<


· 
[image: image131.wmf]{

}

:7

kk

<






	Question
	Scheme
	Marks
	AOs

	6
	
[image: image132.wmf]42

44

1(4)(5)

(2)211(4)...

21622!2

kxkxkx

kx

-

--

ìü

æö

--

ïï

æöæöæö

+=+=+-++

ç÷

íý

ç÷ç÷ç÷

ç÷

èøèøèø

ïï

èø

îþ


	
	

	(a)
	For the 
[image: image133.wmf]2

x

 term:   
[image: image134.wmf]2

2

1(4)(5)5

162!232

k

k

--

æöæöìü

=

íý

ç÷ç÷

èøèøîþ

 
	M1
	1.1b

	
	
	A1
	1.1b

	
	
[image: image135.wmf]2

22

1(4)(5)1255125

25......

162!2323232

k

kkkA

--

æö

=Þ=Þ=Þ=Þ=

ç÷

èø


	dM1
	3.1a

	
	
[image: image136.wmf]44

(5)

3232

AkA

ìü

=-Þ=-

íý

îþ

 
	M1
	2.2a

	
	
[image: image137.wmf]5

or0.625

8

A

=--


	A1
	1.1b

	
	
	(5)
	

	(b)
	
[image: image138.wmf]f()

x

 is valid when 
[image: image139.wmf]52

11

225

kxx

x

<Þ<Þ<


	
	

	
	E.g.

· As 
[image: image140.wmf]1

10

x

=

  lies in the interval 
[image: image141.wmf]2

,

5

x

<

 the binomial expansion is valid

· As 
[image: image142.wmf]511

1

2104

æöæö

=<

ç÷ç÷

èøèø

, the binomial expansion is valid
	B1ft
	2.3

	
	
	(1)
	

	(6 marks)

	Question 6 Notes:

	(a)
	

	M1:
	For either 
[image: image143.wmf](4)(5)

2!

--

 or 
[image: image144.wmf]2

2

k

æö

ç÷

èø

 or  
[image: image145.wmf]2

2

kx

æö

ç÷

èø

or 
[image: image146.wmf](4)(5)

2

--

 or 10 as part of their 
[image: image147.wmf]2

x

 coefficient

	A1:
	For 
[image: image148.wmf]2

2

1(4)(5)5

or

162!232

k

k

--

æöæö

ç÷ç÷

èøèø

 or equivalent as part of their 
[image: image149.wmf]2

x

 coefficient

	dM1:
	dependent on the previous M mark

	
	A complete strategy to find a value for k and use their k to find a value for A

	M1:
	Deduces and applies 
[image: image150.wmf]4

(their)

32

Ak

=-

 or 
[image: image151.wmf]1

(their)

8

Ak

=-



	A1:
	
[image: image152.wmf]5

or0.625

8

A

=--

 

	(b)
	

	B1ft:
	See scheme

	
	Note:  Allow follow through for applying either 
[image: image153.wmf]2

their

x

k

<

  or  
[image: image154.wmf]their1

210

k

æöæö

ç÷ç÷

èøèø






	Question
	Scheme
	Marks
	AOs

	7
	     
[image: image155.wmf]2

2
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x

xxxx

x

=-+Î¹

¡


[image: image156.wmf]
	
	

	(a)
	Evaluates both 
[image: image157.wmf]f(1.5)

-

 and 
[image: image158.wmf]f(1)

-


	M1
	1.1b

	
	
[image: image159.wmf]f(1.5)2.943536507...

-=

   and   
[image: image160.wmf]f(1)0.3678794412...

-=-


Sign change and as 
[image: image161.wmf]f()

x

 is continuous 
[image: image162.wmf]a

 lies between 
[image: image163.wmf]1.5

-

 and 
[image: image164.wmf]1

-

 
	A1
	2.4

	
	
	(2)
	

	(b)
	(i)  
[image: image165.wmf]3

{}1.0428

x

=-


	B1
	1.1b

	
	(ii)  
[image: image166.wmf]{}1.06(2dp)

a

=-


	B1
	2.2a

	
	
	(2)
	

	(c)
	
[image: image167.wmf]2
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8.3078

x
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=-
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	M1
	1.1b

	
	     
[image: image168.wmf]{2.829208695...}2.83(2dp)

==

 
	A1
	1.1b

	
	
	(2)
	

	(d)
	· Draws a tangent to the curve at 
[image: image169.wmf]1.5

x

=

and identifies (possibly by writing 
[image: image170.wmf]2

)

x

 where the tangent cuts the x-axis
	M1
	1.1b

	
	and concludes either 

· second approximation is not good because it is not in the               interval [1.5, 3]

· 
[image: image171.wmf]2

x

 (which is indicated on Figure 3) is nowhere near the root 
[image: image172.wmf]b

  
	A1
	2.4

	
	
	(2)
	

	(8 marks)





	Question 7 Notes:

	(a)
	

	M1:
	Evaluates both 
[image: image173.wmf]f(1.5)

-

 and 
[image: image174.wmf]f(1)

-



	A1:
	
[image: image175.wmf]f(1.5)awrt3orf(1.5)2(truncated)

-=-=

 and 
[image: image176.wmf]f(1)awrt0.4orf(1)0.3(truncated)

-=--=-



	
	and a correct conclusion

	(b)(i)
	

	B1:
	See scheme

	(b)(ii)
	

	B1:
	Deduces (e.g. using further iterations) that 
[image: image177.wmf]1.06

a

=-

 accurate to 2 dp

	(c)
	

	M1:
	Attempts 
[image: image178.wmf]1

211

1
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x

xxx

x

=-=

¢

 which can be evidenced by 
[image: image179.wmf]1.4189
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æö

-

-

ç÷

-

èø



	A1:
	2.83

	(d)
	

	M1:
	See scheme

	A1:
	See scheme
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	8 (a)
	Deduces that the radius of the circle is 6
[image: image180.wmf]
	B1
	2.2a

	
	
[image: image181.wmf]22

(9)(6)36

xy

-++=


	M1
	1.1b

	
	
	A1
	1.1b

	
	
	(3)
	

	(b)
	Let 
[image: image182.wmf]d

 be the distance from 
[image: image183.wmf](9,6)

-

to l
	
	

	
	
[image: image184.wmf]2222

46...

dd

+=Þ=


	M1
	3.1a

	
	
[image: image185.wmf]20or25

d

=


	A1
	1.1b

	
	{l: }   
[image: image186.wmf]625,625

yy

=-+=--


	dM1
	2.2a

	
	
	A1
	1.1b

	
	
	(4)
	

	(b)

Alt 1
	Either    
[image: image187.wmf]22
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or       
[image: image188.wmf]22
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	M1
	3.1a

	
	
[image: image189.wmf]{:}625

ly
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	A1
	1.1b

	
	{l: }   
[image: image190.wmf]625

y

=--


	dM1
	2.2a

	
	
	A1
	1.1b

	
	
	(4)
	

	(7 marks)


	Question 8 Notes:

	(a)
	

	B1:
	Deduces that the radius of the circle is 6.  This can be achieved by either 

· Stating that 
[image: image191.wmf]6

r

=

 or radius = 6 or 
[image: image192.wmf]2

36

r

=

 
· Writing 
[image: image193.wmf]222

()()36or6;,0

xy

abab
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	M1
	
[image: image194.wmf]22

(9)(6);0

xykk
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	A1:
	
[image: image195.wmf]22

(9)(6)36

xy

-++=

 or 
[image: image196.wmf]222

(9)(6)6

xy

-++=

 o.e.

	(b)
	

	M1:
	Uses the circle property “the perpendicular from the centre to a chord bisects the chord” in a complete strategy of writing an equation of the form 
[image: image197.wmf]2
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8

(their)

2

dr
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 and progresses as far as 
[image: image198.wmf]2

...

d
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	A1:
	
[image: image199.wmf]20or25

d

=



	dM1:
	depends on the previous M mark

	
	Deduces the horizontal line l is d units from the line 
[image: image200.wmf]6

y

=-

 and so writes both 

· 
[image: image201.wmf]6(their)

yd

=-+

   and   
[image: image202.wmf]6(their)

yd

=--



	A1:
	For either:

· 
[image: image203.wmf]625and625
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· 
[image: image204.wmf]620and620
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	(b)
	

	Alt 1
	

	M1:
	Uses the circle property “the perpendicular from the centre to a chord bisects the chord” in a complete strategy of substituting either 
[image: image205.wmf]13

x

=

 or 
[image: image206.wmf]5

x

=

 into their circle equation and progresses as far as 
[image: image207.wmf]...

y

=

 

	A1:
	For 
[image: image208.wmf]625

y

=-+

 
[image: image209.wmf]or620

y

=-+



	dM1:
	depends on the previous M mark

	
	Finds y in the form 
[image: image210.wmf]6(their),

yd

=-+

 deduces the other horizontal line l is d units below the line 
[image: image211.wmf]6

y

=-

 and so writes 
[image: image212.wmf]6(their)
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	A1:
	For either:

· 
[image: image213.wmf]625and625
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=-+=--


· 
[image: image214.wmf]620and620
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	9 (a)
	     
[image: image215.wmf]1010101010
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	M1
	1.1b

	
	   
[image: image216.wmf]101010

logloglog
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,  {where 
[image: image217.wmf]10

log
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}
	A1
	2.1

	
	
	(2)
	

	(b)
	     
[image: image218.wmf]10

log2.23,

ca
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[image: image219.wmf]10
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[image: image220.wmf]2.23
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[image: image221.wmf]0.076
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b
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	M1
	1.1b

	
	
[image: image222.wmf]170(2sf)

a

=

 and 
[image: image223.wmf]0.84(2sf)

b

=


	A1
	1.1b

	
	
	(2)
	

	(c)


	
[image: image224.wmf](170)(0.84)

t
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	(i)  
[image: image225.wmf]{

}

"170"

a

=Þ

 e.g.  

· “170” milligrams of antibiotic were initially given to the patient

· the initial dose of the antibiotic is estimated as “170” milligrams
	B1ft
	3.4

	
	(ii)  
[image: image226.wmf]{

}

"0.84"

b

=Þ

 e.g.  after the antibiotic is first given the amount of antibiotic in the patient’s bloodstream reduces by approximately “16%” per hour
	B1ft
	3.4

	
	
	(2)
	

	(d)
	
[image: image227.wmf]3030

30(170)(0.84)(0.84)lnln(0.84)

170170

30

ln

30

170

lnln(0.84)

170ln(0.84)

ttt

tt

æö

=Þ=Þ=

ç÷

èø

æö

ç÷

æö

èø

Þ=Þ=

ç÷

èø


	M1
	3.4

	
	
[image: image228.wmf]{9.948766031...}9.9(hours)(1dp)
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	A1
	1.1b

	
	
	(2)
	

	(d)

Alt 1
	
[image: image229.wmf]10
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	M1
	3.4

	
	
[image: image230.wmf]{9.90629928...}9.9(hours)(1dp)

tt

=Þ=


	A1
	1.1b

	
	
	(2)
	

	(e)
	e.g.  As 
[image: image231.wmf]9.9

t

=

 is outside of the experimental data 
[image: image232.wmf]05,

t

„„

 we do not have enough evidence to deduce that the model 
[image: image233.wmf](170)(0.84)

t

y

=

is still valid.  So, the estimate in part (d) should be treated with caution.
	B1
	3.5b

	
	
	(1)
	

	(9 marks)





	Question 9 Notes:

	(a)
	

	M1:
	Starting from 
[image: image234.wmf],

t

yab

=

 takes logs of both sides and uses the addition law of logarithms to 

	
	progress as far as 
[image: image235.wmf]101010

logloglog

t

yab

=+



	A1:
	Starting from 
[image: image236.wmf],

t

yab

=

correctly shows that 
[image: image237.wmf]101010

logloglog

ytba

=+

 with no errors seen

	Note:
	M1 (special case) can be given in part (a) for stating 
[image: image238.wmf]10
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	(b)
	

	M1:
	For either 
[image: image239.wmf]2.23
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a

=

 or  
[image: image240.wmf]0.076
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b
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=



	A1:
	
[image: image241.wmf]170

a

=

 and 
[image: image242.wmf]0.84

b

=



	(c)(i)
	

	B1ft:
	Correct practical interpretation of their a, where their a > 0

	(c)(ii)
	

	B1ft:
	Correct practical interpretation of their b, where their b: 
[image: image243.wmf]01

b

<<

 

	(d)
	

	M1:
	Substitutes
[image: image244.wmf]2.5

y

=

 into the model 
[image: image245.wmf](their)(their)

t

yab

=

 and rearranges their equation to give 
[image: image246.wmf]...

t

=

 

	A1:
	9.9 (hours) (1 dp)

	(d)
	

	Alt 1
	

	M1:
	Substitutes
[image: image247.wmf]30,0.076

ym

==-

 and 
[image: image248.wmf]2.23

c

=

 into the model 
[image: image249.wmf]10
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ymtc

=+

 and rearranges their equation to give 
[image: image250.wmf]...

t
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	A1:
	9.9 (hours) (1 dp)

	(e)
	

	B1:
	E.g. Estimate should be treated with caution because 
[image: image251.wmf]9.9

t

=

 is outside the range of times,                i.e. 
[image: image252.wmf]05,

t
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for which the model 
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is valid
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	10 (a)
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[image: image255.wmf]
	B1
	3.1b
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	M1
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	dM1
	1.1b

	
	
[image: image263.wmf]93

1566

62

kkk

Þ=+Þ=Þ=



[image: image264.wmf]11
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	(6)
	

	(b)

(i), (ii)
	Either

· 
[image: image265.wmf]2
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[image: image266.wmf]18,272.25{271.19}
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[image: image267.wmf]24,441{334.81}
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· 
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[image: image271.wmf]334.8120.39709...{24}

At

=Þ=<


      
[image: image272.wmf]{337.3320.48873...{30}}

At

=Þ=<


	M1
	3.4

	
	Biologist’s model works well for 
[image: image273.wmf]12

t

=

 and 
[image: image274.wmf]18

t

=

 but appears to give an overestimate for A (or does not work well) when 
[image: image275.wmf]24

t

=

 and 
[image: image276.wmf]30

t

=


	A1
	3.5a

	
	E.g.

· The biologist’s model appears to break down for large values of t.  This may be because the biologist’s model predicts values for A which are greater than the total surface area of the piece of bread used in the experiment.
· The biologist’s results indicate an upper limit for A, but the biologist’s model does not give an upper limit for A.  
	B1
	3.2a

	
	
	(3)
	

	(9 marks)





	Question 10 Notes:

	(a)
	

	B1:
	Translates the biologist’s model regarding proportionality into a differential equation, which 

	
	involves a constant of proportionality.  E.g.   
[image: image277.wmf]dd

dd
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AkA
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µÞ=



	M1:
	Correct method of separating the variables A and t in their differential equation

	A1:
	
[image: image278.wmf](

)
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==

 with or without a constant of integration

	M1:
	Some evidence of applying the measurements 
[image: image279.wmf]0,9or9.00

tAA

===

 to a changed 

	
	equation containing a constant of integration.  e.g. c

	dM1:
	dependent on the previous M mark

	
	Applies 
[image: image280.wmf]6,56.25

tA

==

 and their value of c to their changed equation which contains their 

	
	constant of proportionality

	A1*:
	Shows that 
[image: image281.wmf]2
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4
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èø

 with no errors in their working

	(b)
	

	(i), (ii)
	

	M1:
	Uses the model found in part (a) to find
· either values for A when 
[image: image282.wmf]12

t

=

, 
[image: image283.wmf]18

t

=

 and 
[image: image284.wmf]24

t

=


· or values for t when 
[image: image285.wmf]143.78,

A

=



 EMBED Equation.DSMT4  [image: image286.wmf]271.19

A

=

 and  
[image: image287.wmf]334.81

A

=



	A1:
	· Either 
[image: image288.wmf]12144,
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[image: image289.wmf]18awrt272
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 and  
[image: image290.wmf]24441
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· or 
[image: image291.wmf]143.78awrt12,271.19awrt18
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  and  
[image: image292.wmf]334.81awrt20
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and evaluates (see scheme) the outcomes of the model

	B1:
	See scheme
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	11
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	M1
	2.1

	
	
	A1
	1.1b

	
	
[image: image296.wmf]f()0

x

¢

=Þ


[image: image297.wmf](3cos2)(2cos2)(sin2)(2sin2)0

xxxx

-+--=


	M1
	1.1b
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	A1*
	2.1

	
	
	(4)
	

	(b)
	 Maximum turning point for  (i)  
[image: image300.wmf]f(3)5,
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 (ii)  
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	{
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	(i)  For either 

· 
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	M1
	3.1a

	
	
[image: image305.wmf]0.842037...0.84(2dp)

x

Þ==


	A1
	1.1b

	
	(ii)  For either 

· 
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· 
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	M1
	3.1a
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	A1
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	(4)
	

	(8 marks)


	Question 11 Notes:

	(a)
	

	M1:
	Attempts to differentiate by using the quotient rule with 
[image: image309.wmf]sin2

ux

=

 and 
[image: image310.wmf]3cos2

vx

=-+

 

	
	or attempts to differentiate by using the product rule with 
[image: image311.wmf]sin2
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=

 and 
[image: image312.wmf]1
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=-+

 

	A1:
	Correct 
[image: image313.wmf]f(),

x
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 which can be un-simplified or simplified

	M1:
	Sets 
[image: image314.wmf]f()0

x

¢

=

 and proceeds with their working to set the numerator of 
[image: image315.wmf]f()

x

¢

equal to 0

	A1*:
	Shows 
[image: image316.wmf]1

cos2
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=

 with no errors seen in their working

	(b)(i)
	

	M1:
	· Attempts to find the second solution for 
[image: image317.wmf]1
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       E.g.   
[image: image318.wmf]21.2309593...5.052225...
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· Attempts to find the second solution of 
[image: image319.wmf]1
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=

and proceeds to divide their result by 3       E.g.  
[image: image320.wmf]21.2309593...2.526112...
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	A1:
	0.84 (2 dp) or anything that rounds to 0.84

	(b)(ii)
	

	M1:
	· Attempts to find the first solution for 
[image: image321.wmf]11
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       E.g.   
[image: image322.wmf]2(1.2309593...)

x

=

 
· Attempts to find the first solution of 
[image: image323.wmf]1

cos2

3

x

=

and proceeds to multiply the result by 4            E.g.  
[image: image324.wmf]11.2309593...
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	A1:
	2.46 (2 dp) or anything that rounds to 2.46
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	12 (a)
	     Total mass 
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 EMBED Equation.DSMT4  [image: image326.wmf]
	M1
	3.1b
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	A1
	1.1b

	
	
	(2)
	

	(b)
	Expected mass in the year 2040 =  
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	M1
	3.4
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	A1
	1.1b

	
	
	(2)
	

	(c)
	Total cost 
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	Question 12 Notes:

	(a)
	

	M1:
	Complete method of applying the correct geometric series summation formula 

	
	with either 
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[image: image337.wmf]23,
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[image: image338.wmf]4500

a

=

 and 
[image: image339.wmf]0.98

r

=

 

	A1:
	Correct answer to 3 significant figures of 
[image: image340.wmf]83600

 (tonnes)

	(b)
	

	M1:
	Uses the geometric series model to apply the correct nth term formula 

	
	with either 
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	A1:
	Correct answer to 3 significant figures of 
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	(c)
	

	M1:
	A complete strategy to find the total cost 

	M1:
	For either
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	Correct answer of 
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	Correct answer to 3 significant figures of x = (£)57.1 (million)
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	Question 13 Notes:

	M1:
	Begins proof by applying a full method of 
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	which may be un-simplified or simplified
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	Applies parametric integration to achieve an integral of the form 
[image: image373.wmf]2

sincos{d};0,

KtttK

±¹

ò

 

	
	followed by a correct integration strategy of “reverse chain rule” or “integration by substitution” 

	
	to give 
[image: image374.wmf]2

sincos{d}

ttt

ò

 in the form 
[image: image375.wmf]3

sin;0

t

ll

±¹

 or 
[image: image376.wmf]3

;0

u

ll

±¹

 where 
[image: image377.wmf]sin

ut

=



	A1:
	
[image: image378.wmf]23

1

sincossin

3

ttt

®

  or  
[image: image379.wmf]23

1

sincos

3

ttu

®

 where 
[image: image380.wmf]sin

ut

=
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	Question 14 Notes:

	M1:
	Equates the two curves and solves 
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	A1*:
	Correct use of integration and limits to show that, for all values of k, the area of R is 
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	Question 15 Notes:

	(a)
	

	M1:
	Uses 
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