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@ Pearson

This  booklet has been produced to support mathematics teachers delivering the new
Pearson Edexcel Level 3 Advanced Subsidiary and Level 3 Advanced GCE in Mathematics specification (BMAQ &
9MAD0).

The booklet looks at questions from the AS and A level Sample Assessment Materials, which was used in the trial
undertaken in summer 2017. It shows real student responses to questions, and how the examining team follow the mark
schemes to demonstrate how the students would be awarded marks on these questions.

Our examining team have selected student responses to all questions from the trial of the Sample Assessment Materials.
Following each question you will find the mark scheme for that question and then a range of student responses with
accompanying examiner comments on how the mark scheme has been applied and the marks awarded, and on common
errors for this sort of question.

3. Given that the point A has position vector 3i — 7j and the point B has position vector 8i + 3j,

(a) find the vector A4B.
(2)

(b) Find [A'El Give your answer as a simplified surd.

Student
response

(2)

L 72 S (O 1V 3= X W

/o

Examiner Comments:

Part (a)
M1: The diagram suggests that the candidate has subtracted the vectors (or at least knows how to

approach the problem). The error 1s notational, in respect that there is a mix up between the i and j
components.

AQD: Answer mncorrect
Part (b)
M1: For the attempt to use Pythagoras implied by 5% +10°

Al: For the correct answer

Marks awarded for the

Examiner commentary question or question parts
on the student response







AS Mathematics — Paper 1 (Pure Mathematics)

AS Mathematics Paper 1 (Pure)

Exemplar question 1

The line | passes through the points A (3, 1) and B (4, - 2).

Find an equation for .

(3)

(Total for Question 1 is 3 marks)

Mark scheme

‘ Question ‘ Scheme ‘ Marks AOs
1 Uses y = mx + ¢ with both (3, 1) and (4, —2) and attempt to find m M1 11b
orc '
Way 1 m= -3 Al 1.1b
c=10 soy=-3x+10 o.e. Al 1.1b
©)
) _ _
' Uses 291 = Y271 \yith both (3, 1) and (4, —2) ML | 11b
X=X X=X
Way 2
s Gradient simplified to -3 (may be implied) Al 1.1b
y=-3x+10 o.e. Al 1.1b
©)
Or Uses ax + by + k = 0 and substitutes both x = 3 when y = 1 and
X =4 when y = -2 with attempt to solve to find a, b or k in terms of | M1 1.1b
Way 3 one of them
Obtains a = 3b, k = -10b or 3k = -10a Al 1.1b
Obtainsa=3,b=1,k=-10orwrites 3x+y—-10=0 o.e. Al 1.1b
©)
(7 marks)
Notes:
M1: Need correct use of the given coordinates
Al: Need fractions simplified to -3 (in ways 1 and 2)
Al: Need constants combined accurately
N.B. Answer leftin the form (y—1) =—-3(x-3) or (y— (- 2))=—3(x—4) is awarded

M1A1AQ as answers should be simplified by constants being collected
Note that a correct answer implies all three marks in this question
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Student Response A

1. The line / passes through the points 4 (3, 1) and B (4, -2).

Find an equation for /.

(3)

1'I§

Examiner Comments:
The candidate attempts to solve the question by Way 2.

: : : —X . .
MO: For the attempt to find the gradient by calculating );/2 Z  This is an incorrect method.

1

As MO has been awarded, A0, A0 follow.
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Student Response B

1. The line { passes through the points 4 (3, 1) and B (4, -2).

Find an equation for /.

3)

2/3

Examiner Comments:

This candidate also attempts to solve the question by Way 2.

M1 Al: For writing down m = -3 which scores first two marks as the method can be implied by the
correct answer.

AO: The answer is incorrect due to a slip on the penultimate line.
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Student Response C

1. The line  passes through the points 4 (3, 1) and B (4, -2).

Find an equation for /.

3

Examiner Comments:

Also attempted by Way2. (This will probably be the most popular method)

M1: Awarded for gr = 7-3

Al: Itis simplified correctly to —3 scoring Al.

Al: The candidate proceeds to a correct answer in the correct form. For y =-3x+10

10
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Exemplar question 2

The curve C has equation
y=2x*>-12 + 16.

Find the gradient of the curve at the point P(5, 6).
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

(Total for Question 2 is 4 marks)

Mark scheme

Question  Scheme Marks AOs

2 Attempt to differentiate M1 1.1a
d—y =4x-12 Al 1.1b
dx
Substitutes x =5 = g—i =... M1 1.1b
= d—y =8 Alft 1.1b
dx
(4 marks)
Notes:

M1: Differentiation implied by one correct term

Al: Correct differentiation

M1: Attempts to substitute x = 5 into their derived function

Alft: Substitutes x = 5 into their derived function correctly i.e. Correct calculation of their
f'(5) so follow through slips in differentiation

Pearson Edexcel Level 3 AS and A level in Mathematics
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Student Response A
2. The curve C has equation
y=22-12x + 16
Find the gradient of the curve at the point P (5, 6).

(Solutions based entirely on graphical or numerical methods are not acceptable.)

4)

Mz 2o 12 b

(J
ol Ao ~12
i o

—

fas X0 8

= acodwont= = 2Zxb—\2
J - O

1/4

Examiner Comments:
M1: Awarded as the candidate differentiates and has one correct term.
AO: d_y #4x—-12
dx
MO: For substituting x =6 (which is the y coordinate).

AO0: Follows MO
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Student Response B

2. The curve C has equation

y=2x"-12x+16

Find the gradient of the curve at the point P (5, 6).

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

Y £ G

CmouxZpel = R8T

Examiner Comments:
M1: Awarded as the candidate differentiates and has one correct term.

AO: ﬂ #4x—-12
dx

M1: For substituting x =5 into their g—i

Alft: For a correct follow through. (This can be awarded following a slip on differentiation)
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Exemplar student answers with examiner comments

© Pearson Education Ltd 2017
13

3/4



AS Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response C

2. The curve C has equation

y=2x"-12x+16

Find the gradient of the curve at the point P (5, 6).

(Solutions based entirely on graphical or numerical methods are not acceptable.)
(4)

R E20C TR ANG e

....................... L}(S}l?.

4/4

Examiner Comments:
M1: Differentiating implied by one correct term.

Al: Fully correct % =4x-12

M1: For substituting x =5 into their g—i

Al: For a correct answer.
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Exemplar question 3

3. Given that the point A has position vector 3i — 7j and the point B has position vector 8i + 3j,

(a) find the vector AB .
(2)

(b) Find | AB |. Give your answer as a simplified surd.

(2)

(Total for Question 3 is 4 marks)

Mark scheme

Question Scheme Marks AOs

3(a) Attempts AB = OB —OA or similar M1 1.1b
AB =5i +10j Al 1.1b
)
(b) Finds length using 'Pythagoras' |AB| = ,/(5)2 +(10) M1 1.1b
|AB| =55 Alft | 11b
)
(4 marks)
Notes:
(a)

M1: Attempts subtraction but may omit brackets
Al: cao (allow column vector notation)

(b)

M1:  Correct use of Pythagoras theorem or modulus formula using their answer to (a)
Alft: |AB|=55 ft from their answer to (a)

Note that the correct answer implies M1A1 in each part of this question

Pearson Edexcel Level 3 AS and A level in Mathematics
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Student Response A
| 3. Given that the point 4 has position vector 3i — 7j and the point B has position vector 8i + 3j,

(a) find the vector AB.

(2)
(b) Find lABl. Give your answer as a simplified surd.
(2)
T L O
................................... R }5_}
CRa=1) a0 w55
A
By M Sy

0/4

Examiner Comments:

Part (a)

MO: The candidate adds the vectors. Subtraction must be attempted for the mark to be awarded.
AO0: Follows MO

Part (b)

MO: There is no attempt to use Pythagoras on their answer to part (a).

AO0: Follows MO

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
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3. Given that the point A4 has position vector 3i — 7j and the point B has position vector 8i + 3j,

(a) find the vector AB.
(2)

(b) Find |zTB| Give your answer as a simplified surd.
(2)

(o YRR 70 72 SR o [V 2+ W

Examiner Comments:
Part (a)
M1: The diagram suggests that the candidate has subtracted the vectors (or at least knows how to

approach the problem). The error is notational, in respect that there is a mix up between the i and j
components.

AO: Answer incorrect
Part (b)

M1: For the attempt to use Pythagoras implied by /5% +10?
Al: For the correct answer
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Student Response C

P"-(B,::.?).

4/4
Examiner Comments:
Part (a)
M1: A good diagram clearly helps in understanding the problem. This candidate can be awarded this
mark for either component and it is scored at the point where AB = 7j+5i +3j is seen.
Al: Answer correct
Part (b)

M1: For the attempt to use Pythagoras implied by +/5% +10?
Al: For the correct answer

Pearson Edexcel Level 3 AS and A level in Mathematics
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f(x) =4x3—12x2 + 2x— 6

(@) Use the factor theorem to show that (x — 3) is a factor of f(x).

)

(b) Hence show that 3 is the only real root of the equation f(x) = 0.
(4)

(Total for Question 4 is 6 marks)

4(a) States or uses f(+3)=0 M1 1.1b
4(3)° - 12(3)°+2(3)-6=108-108+6—-6=0andso (x—3) isa Al 1.1b
factor '

)

(b) Begins division or factorisation so x M1 21
43— 12X+ 2Xx— 6= (X —3)(4x* +...) '

4x3 - 12x% + 2x — 6 = (X —3)(4x% + 2) Al 1.1b

Considers the roots of their quadratic function using completion of

S M1 2.1
square or discriminant

(4x% + 2) = 0 has no real roots with a reason (e.g. negative number
does not have a real square root, or 4x*+2 > 0for all x Al* 2.4
So x = 3 is the only real root of f(x) =0 *

(4)

(6 marks)

Notes:

(@)
M1: Statesorusesf (+3) =0
Al:  See correct work evaluating and achieving zero, together with correct conclusion

(b)

M1: Needs to have (x — 3) and first term of quadratic correct

Al:  Must be correct — may further factorise to 2(x — 3)(2x? + 1)

M1: Considers their quadratic for no real roots by use of completion of the square or
consideration of discriminant then

Al*: A correct explanation




AS Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response A

4.
f(x) = 4x> ~12x* +2x-6

(a) Use the factor theorem to show that (x — 3) is a factor of f(x).

(63
(b) Hence show that 3 is the only real root of the equation f(x) = 0

L))

2/6

Examiner Comments:

Part (a)

M1: Scored for attempting to calculate f (3).

AO: Although f(3) =0stated, there is no conclusion, so this mark cannot be awarded.
Part (b)

M1: For attempting to divide and achieves the correct first term 4x*

AQ: Incomplete division.

MO: There is no quadratic term so the candidate cannot consider the roots.

AQ: Follow MO

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
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L - Yo KO L (Total for Question 4 is 6 marks)

4/6
Examiner Comments:
Part (a)
M1: Scored for attempting to calculate f(3).
Al: For stating f(3) =0and a valid conclusion "it is a factor".
Part (b)
M1: The candidate attempts to divide and achieves the correct first term 4x?
Al: Correct division with factor 4x* + 2

MO: Whilst the candidate does state 'b? —4ac'<0 , it is important that it is shown how it applies to
their quadratic. A simple statement such as 'b? —4ac'=0? —4x4x2 would suffice.
AO0: Follow MO



L) £3) = 43)-R3u-¢

L D(!@;:OJ.:M“..@ ..... Oe=3) (b 42) =0
"/2‘)‘? “}C) ........ - 6 ...............................................................................................................................................

b by = O=(¥nbp)a-

5/6

Examiner Comments:

Part (a)

M1: Scored for attempting to calculate (3).

Al: For stating f(3) =0and a valid conclusion "(x—3) is a factor of f(x)".
Part (b)

M1: The candidate attempts to divide and achieves the correct first term 4x?
Al: Correct division with factor 4x* +2

M1: This candidate attempt to find 'b? —4ac', for their quadratic.

Scored for 'b? —4ac'=0% —4x4x2 .

AO0: Although a correct statement'b? —4ac'=-32 and a correct conclusion are written down, the
candidate do not have the reason. There must be a statement pointing out that there is no roots to the

quadratic because b? —4ac <0
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Exemplar question 5

Giventhat f(x)=2x+3+ 12 x>0,
X

2'
242
show that J f(x) dx = 16 +3+2.

1

()

(Total for Question 5 is 5 marks)

Mark scheme

Question  Scheme Marks AOs

5 f(x) =2x+3+12x 2 B1 11b
Attempts to integrate M1 1.1a
J(+2x+3+i—§jdx = x2+3x—% Al 1.1b

((2\/5)2 +3(2/2) —%j—(—s) M1 1.1b

—16+3J/2* Al* 1.1b
(5 marks)

Notes:

B1l:  Correct function with numerical powers

M1: Allow for raising power by one. x" — x""*
Al: Correct three terms

M1: Substitutes limits and rationalises denominator
Al*: Completely correct, no errors seen

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
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Student Response A

¥ —
‘-J[;(::\: = 2 4+ 3 == |2
[ i 2 2 | -
Ix ¥+ 3=12Zx dx = € + 35X F 23
\J
— L
e + 3oc+ 12 = ]
= , I

a4z ¥3012)+ FQJJJI}_ —

Y
| +3 F2¥)

2 — 28

=& X bJd2  +3.

|

L + 3

.-

L N L]

Examiner Comments:

2/5

BO: The candidate makes an error on the coefficient of the x ™ term, hence BO.
M1: For attempting to integrate by raising the power of an index by one. This can be awarded for

any of the three terms.
AO: This is incorrect due to the earlier error. (It is not

a follow through mark)

M1: For substituting in the limits and rationalising the denominator (implied by the sight of 3v2 )

A0*: Although 16+34/2 is written down, this mark cannot be scored due to the earlier error.

24
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Student Response B

=

3 434 \2x* dx

- 2x- +%_;;r_+\1')L-‘4— C
2.
— — 2N .
= s F 3 v
— 5>C )|

- () 3G5) s 12 Y
\_ ah) )
= (1T 33 1)

%, T/

T T el %2 - (16 )

{

e 4+ 27 -

1

3/5

Examiner Comments:
B1: For the correct function with numerical powers.

M1: For attempting to integrate by raising the power of an index by one. This can be awarded for
any of the three terms.
AO: This is incorrect due to the sign of the last term.

M1: For substituting in the limits and rationalising the denominator (implied by the sight of 3v2).
NB. Calculators are allowed on this paper and it is acceptable for this to be just written down.

A0*: Although 16+34/2 is written down, this mark cannot be scored due to the earlier error.

Pearson Edexcel Level 3 AS and A level in Mathematics
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Student Response C

Examiner Comments:
B1: For the correct function with numerical powers.

M1: For attempting to integrate by raising the power of an index by one. This can be awarded for
any of the three terms.

Al: Correct three terms.
M1: For substituting in the limits and rationalising the denominator (implied by the sight of 3v2).

A0*: Although 16+3/2 is written down, this mark cannot be scored due to the error on the third

last line. This should read 8+3v2 —1-3+12. In a "show that " question it is important that all lines
are correct.

Pearson Edexcel Level 3 AS and A level in Mathematics
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Exemplar question 6

6.  Prove, from first principles, that the derivative of 3x? is 6x.

(4)

(Total for Question 6 is 4 marks)

Mark scheme

Question  Scheme Marks AOs
6 2 2

Considers W Bl 2.1

Expands 3(x + h)? = 3x?+ 6xh + 3h? M1 1.1b

2 2
So gradient:M=6x+3h or M=6x+35x Al 1.1b
h oX
States as h — 0, gradient — 6x so in the limitderivative = 6x * Al* 2.5
(4 marks)

Notes:

3(x+0x)* —3x°
oX
M1: Expands the bracket as above or 3(X+05X%)° =3x” +6Xx5X +3(5X)°

Al: Substitutes correctly into earlier fraction and simplifies
Al*: Uses Completes the proof, as above ( may use ox —0), considers the limit and states a
conclusion with no errors

B1l:  Gives correct fraction as in the scheme above or

Pearson Edexcel Level 3 AS and A level in Mathematics
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Student Response A
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o 4+ -2
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al

1/4
Examiner Comments:

3(x+h)*—3x?
(x+h)—x
MO: The mark is not scored as it is required for 3(x+h)? to be expanded. This candidate expands
(x+h)?
AO: Follows a previous MO.
AO0*: Must follow any error.

B1: Scored where this candidate writes

Pearson Edexcel Level 3 AS and A level in Mathematics
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Student Response B

6. Prove, from first principles, that the derivative of 3x? is 6x.

(C))

Mw%@gzmwmwwwwgﬁdmﬁ;/
{ < 3 SO | >

\\or wzll\\,)’i % e T I i =
e B e L Tt ¢ = S A

............................................................................................................................

3/4
Examiner Comments:

3(x+h)? —3x?

B1: Scored where this candidate writes
X+h-x

3(x+h)? —3x?

M1: 3(x+h)? is expanded correctly within the expression Thox

3(x+h)? —3x?

X+h-x o

Al: Having expanded 3(x+h)?correctly, the candidate correctly simplifies

6x+3h

AO0*: Final mark is not (quite) achieved. The candidate merely states that when h is set to 0,
6x + 3(0) = 6x

There must be some reference to the fact that the gradient of the chord tends to the gradient of the
curve, meaning that "the derivative of 3x? is 6x."
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Student Response C

6. Prove, from first principles, that the derivative of 3x° is 6x.

4)

........................................................................................ S T QU e TR s

/3(32. +20’L+0" ) 3::..

= ”m +(3an-ﬂd =2z
°

B O S SO
o}

=z bxa3 8. CONNEINeR. towans.
2250 unkil topks 90
erao oty & coun.

= Gx

OQNANOKIN G- ALy

Ewc

b@ \.S o) E.Y\DAIQ(‘O?O‘

Examiner Comments:

3(x+8)% —3x?

B1: Scored where this candidate writes
+0—X

Using & may be considered unusual but it is consistent with how the candidate annotated their

diagram.

3(x+6)? —3x*
+0—X

M1: 3(x+6)? is expanded correctly within the expression

3(x+8)% —3x°

4/4

Al: Having expanded 3(x+d&)?correctly , the candidate correctly simplifies

6X+30

Al1*: Final mark is achieved. The candidate work is correct and statement that when & converges to

zero, the gradient of PQ = 6x and the derivative is (therefore) 6x is seen.
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7
7.  (a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of (2 —gj , giving

each term in its simplest form.

(b) Explain how you would use your expansion to give an estimate for the value of 1.995’.

(4)

1)

(Total for Question 7 is 5 marks)

B1l:  Correct answer, simplified as given in the scheme
Al: Correct answer, simplified as given in the scheme
Al:  Correct answer, simplified as given in the scheme

M1: Need correct binomial coefficient with correct power of 2 and correct power of x.
Coefficients may be given in any correct form; e.g. 1, 7, 21 or ’'C,, 'C,, 'C, or equivalent

7(2) 7 7 7 2
(2—% =24 26.(—5j+ 2?(-% . M1 1.1b
2 1 2 2 2
X 7
(2—5 = 128+ ... B1 1.1b
X 7
[2—5 = ... —224X +... Al 1.1b
X 7
(2—5 = .. 4.+ 168X (+..) Al 1.1b
4)
(b) Solve 2—i = 1.995 so x = 0.01 and state that 0.01 would be
2 Bl 2.4
substituted for x into the expansion
1)
(5 marks)
Notes:
(@

(b)

is a solution of (2 —%) = 1.995

B1l: Needs a full explanation i.e. to state x = 0.01 and that this would be substituted and that it
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Student Response A

7. (a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of
7
(2 —%J , giving each term in its simplest form.

)

(b) Explain how you would use your expansion to give an estimate for the value of
1.9957

A (A3 AR A CEY

(1)

L12% xS () + 672 (—‘-IL]

3/5
Examiner Comments:
Part (a)
M1: This mark is scored on line one where the correct binomial coefficients (1, 7, 21) are combined

0 1 2
. 7 X 6 X 5( X
with the correct terms (2) (_fj (2) (_E) (2) (_EJ
B1: For 128

AO: For —448x~2

AO0: For +672x7*

Part (b)

B1: Scored for stating the correct value of x (0.01) and adding that it needs to be substituted into the
expansion.
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Student Response B

4/5
Examiner Comments:

Part (a)

M1: This is scored on line one for (2)7 + (2)6 Xy (2)5 X1 The correct binomial
1 2 2 2

7 1
coefficients [Eg. (J] are combined with the correct terms [Eg. (2)5 (_%) J .

Bl: For 128
Al: For —224x

AO0: For +21x?
Part (b)
B1: Scored for stating the correct value of x (0.01) and showing that it needs to be substituted into

the expansion. Although the question states "explain™ we felt justified in this award as the candidate
shows how it would be attempted.
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Student Response C

;@LMWMW:MM?+f(%>+?f%f+fevf4a%§ﬂ¢
i 2P A
128 6-22x ¢824 SAo0alt Bt - Voot fiax
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('J 128 - HJSM ha 11(%’ 2 .2,1

5 B — ‘
fzqm e qq do..2- E_ wmdx

“1"'152;25-_ o
2 3:-%-2

00} and.sub InAo. the binoried o

5/5
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Examiner Comments:
Part (a)
M1: This is not scored until we see the candidate combining their binomial coefficients (1, 7, 21)

produced from Pascal's triangle with the correct terms 128, —32xand +8x®. Evidence for this
award can be seen on the line to the left of the "1 2 1 " of Pascal's triangle
B1: For 128

Al: For —224x

Al: For +168x*
Part (b)
B1: Calculates x = 0.01 and states "sub in to the binomial expansion”.



70° 60°

—3I0m—

Figure 1

A triangular lawn is modelled by the triangle ABC, shown in Figure 1. The length AB is to be 30 m
long.

Given that angle BAC = 70° and angle ABC = 60°,

(@) calculate the area of the lawn to 3 significant figures.

(4)

(b) Why is your answer unlikely to be accurate to the nearest square metre?

1)

(Total for Question 8 is 5 marks)
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Mark scheme

‘ Question ‘ Scheme ‘ Marks AOs
8(a) Way 1: Way 2:
Finds third angle of triangle | Finds third angle of triangle
and uses or states | and uses or states | M1 2.1
x 30 y 30
sin60°  sin"50°" sin70°  sin"50°"
x=30SIN60° _a3gy 5o y30SINTO" _a6g) AL 1.1b
sin50° sin50°
Area= 1x30xxxsin70° or  1x30xyxsin60 M1 3.1a
=478 m? Alft 1.1b
(4)
(b) Plausible reason e.g. because the angles and the side length are
not given to four significant figures Bl 3.2b
Or e.g. The lawn may not be flat
1)
(5 marks)
Notes:
(a)

M1:  Uses sine rule with their third angle to find one of the unknown side lengths
Al: Finds expression for, or value of either side length

M1: Completes method to find area of triangle

Alft: Obtains a correct answer for their value of x or their value of y

(b)
B1:  Asinformation given in the question may not be accurate to 4sf or the lawn may not be
flat so modelling by a plane figure may not be accurate
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Not to scale

Figure 1

A triangular lawn is modelled by the triangle ABC, shown in Figure 1. The length AB is to be
30 m long.

Given that angle BAC = 70° and angle ABC = 60°,
(a) calculate the area of the lawn to 3 significant figures.

4
(b) Why is your answer unlikely to be accurate to the nearest square metre?

(1)

“Mn‘-’* L xaxdxsmC  a=30, {=50°

e o

b2 gago= sase 2 b= G xsinds 23392
Z;;;;}Eﬁﬁfﬂ%ﬁ;fé&ii};ﬁﬂ?if@;ﬁfELQfﬁﬁ_';ééﬁ%ff'_fffﬁ3fifé};{?:ﬁﬁflﬁﬁf_ff:fﬁﬁffﬁ

D) T aasesr S o conaded

Examiner Comments:
Part (a)
M1: Scored for using the sine rule to find side "b".

2/5

Al: Can be scored for either the expression b = 30 ———xsin60 or the value b =33.92

sin50

MO: This mark is not awarded as the candidate does not use the correct angle and combination of

sides within the formula %ab sinC. A correct attempt would have been %x33.9x308in 70

AO0: This follows the previous MO
Part (b)

BO: "The answer has been rounded” is too vague. The candidate could have made a statement

about the initial values or that the lawn was unlikely to be flat.
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Student Response B
8.

Not to scale

302

.Figurel

W 2SO C /ACh = 150-(704 60
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Examiner Comments:

Part (a)

M1: Scored for either using the sine rule to find side "b" or using the sine rule to find side "a".

Al: Can be given for either correct expression or the value a =36.8

M1: This mark is awarded as the candidate does use the correct angle and combination of sides

within the formula %absin C. This is implied by %x34.9x36.8sin 50

AO0: Answer is incorrect following the error on side b.
Part (b)
BO: "Because the other side values were rounded to 1 dp" is not a valid answer as that was the

candidates’ choice. The candidate should have made a statement about the initial values or that the
lawn was unlikely to be flat.
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Examiner Comments:

Part (a)

M1: Scored for using the sine rule to find side AB.

Al: Scored for either the correct expression or the value 33.9

M1: This mark is awarded as the candidate does use the correct angle and combination of sides

within the formula %absin C. This is implied by %x30x33.98in 70

AO: The answer is incorrect.

Part (b)

BO: "Because the level of accuracy of the previous answers is too low " is not a valid answer as that
was the candidates’ choice. The candidate should have made a statement about the initial values or
that the lawn was unlikely to be flat.
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Exemplar question 9
Solve, for 360° < x < 540°,
12sin?x + 7 cos x —13 = 0.
Give your answers to one decimal place.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

()

(Total for Question 9 is 5 marks)

Mark scheme

Question  Scheme Marks AOs
9

Uses sin? x =1—cos? x = 12(1—cos’ X)+7cosx—13=0 M1 3.1a
=12c0s* Xx—7c0sX+1=0 Al 1.1b
Uses solution of quadratic to give cos x = M1 1.1b

Uses inverse cosine on their values, giving two correct follow
M1 1.1b

through values (see note)
= x= 430.5°, 435.5° Al 1.1b
(5 marks)

Notes:

M1: Uses correct identity

Al: Correct three term quadratic

M1: Solves their three term quadratic to give values for cos x (The correct answers are
cosx = or +but this is not necessary for this method mark)

M1: Uses inverse cosine on their values, giving two correct follow through values - may be
outside the given domain
Al:  Two correct answers in the given domain

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
42



AS Mathematics — Paper 1 (Pure Mathematics)

Student Response A
9. Solve, for 360° < x < 540°,
12sin®x + Tcosx— 13 =0
Give your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

()

ll(l 4 Cosx) * ] Cosnt —13 =

@]

)12c08 X 4 JtoSX — | = O

Cosx = 7 . %9 - bExI2nl

LXK L

— e N <7
= ©O-79L  —O7IT0
r
o o
¥ L. e 1. .l"_'}l Oy
=455 LZEKS

s

Examiner Comments:
MO: Candidate uses an incorrect identity.
AO0: Follows the previous MO

MO: The expression written down suggests that an incorrect quadratic formula (

been used.

1/5

b++/b? —4ac
—a | s

M1: This is awarded as the candidate uses inverse cosine on their values. We follow through on

their values and accept answers outside the given domain.
AQO: Incorrect.
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Student Response B

9. Solve, for 360° < x <540°,
12sin’ x+7cosx—13=0
Give your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

)

i SN 22+ 1.
t’L(l-cps’-:t)Jrjwsvl-‘Z'-Q .......

VZ."\?W.\Z)&.AQC,«:S_X\s £ S S N T

B Dwaastn. = TFieandne A s

.................. D~’l'2.m(x05)-\‘x—°$)

Examiner Comments:
M1: Candidate uses a correct identity.

Al: For 0=12c0s’> Xx—7¢c0s X +1

MO: The candidate attempts to factorise their quadratic in cos x but the method used is incorrect.
M1: This is awarded as the candidate uses inverse cosine on their values. We follow through on

their values and accept the answers (360 + 85.22) and (360 + 60).
AQO: Incorrect due to earlier error.
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Student Response C

9. Solve, for 360° < x < 540°,
12sin* x+7cosx—13=0
Give your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

Ao ) 4 Teotee s\BE O

I TR T~ e SR £ e i = ST N

Examiner Comments:
M1: Candidate uses a correct identity.

Al: For 12¢cos® x—7cosx+1=0

M1: The candidate factorises their quadratic in cos x and correctly gives values for cosX.
M1: This is awarded as the candidate uses inverse cosine on their (correct) values.

AQO: Incorrect due to their values not being in the given domain.
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AS Mathematics — Paper 1 (Pure Mathematics)

Exemplar question 10

The equation kx? + 4kx + 3 = 0, where k is a constant, has no real roots.
3
Prove that 0 <k < 7
(4)
(Total for Question 10 is 4 marks)
Mark scheme
‘ Question  Scheme Marks AOs
10 Realises that k = 0 will give no real roots as equation becomes
o Bl 3.1a
3 =0 (proof by contradiction)
(For k =0)quadratic has noreal roots provided
) ) M1 2.4
b* < 4ac so 16k* <12k
4k (4k —3) < O with attempt at solution M1 1.1b
So 0<k <2, which together with k = 0 gives 0 <k < %* Al* 2.1
(4 marks)
Notes:
B1l:  Explains why k = 0 gives no real roots
M1: Considers discriminant to give quadratic inequality — does not need the k = 0 for this
mark
M1: Attempts solution of quadratic inequality
Al*:

Draws conclusion, which is a printed answer, with no errors (dependent on all three

previous marks)
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Student Response A

@ The equation kx* +4kx +3 =0, where & is a constant, has no real roots.

Prove that
ﬂgk<§
4

4)
.mumm“mm_m";;_m“;4{?“:“mgffif;mf§;§3_m“m“h“m“mm“m“m"w”m"w_mm“m“m”m"m“m“m“mﬂm"m“m"m_m"m"ﬂ"m“m
I £ N R ——

e (el (E kNSO
KT E SO

1/4

Examiner Comments:
BO: The candidate fails to consider k =0 so cannot be awarded this mark.

M1: The discriminant of kx? +4kx+3=0 is seen by the statement (4k)2 —(4xkx3)<0

MO: Only one solution is considered and therefore this mark is withheld.
AO: Incorrect.
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Student Response B

10. The equation kx* +4kx+3 =0, where k is a constant, has no real roots.

Prove that
0<k< El
4
4)
Lht-Yac <0

o] e VX Gt o S

C4k(4k-3)eo
- O - _32_,

2/4

Examiner Comments:
BO: The candidate fails to explain why k =0 gives no roots.

M1: For considering the discriminant of kx*+4kx+3=0 seen by the statement
(4k)* -4(k)(3)<0

M1: For attempting the solution of the quadratic inequality using both critical values.

AO: Incomplete proof due to lack of explanation for k =0
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Student Response C

10. The equation kx* + 4kx + 3 = 0, where k is a constant, has no real roots.

Prove that

Blw

4

Qb (eoks  W-Bac 70O
LW —wWw3 50O
TS VA A
W (W 3) 70

/ <o K5I
T

\_\1{} Qﬂﬁ o\ Cooke 9 L ‘{ £ 3/‘-1"'}

When {0 02 +0x 33:=0
INESNGNE N

T

3/4
Examiner Comments:
B1: Candidate explains why k =0 gives no roots. (The "impossible X is sufficient)
M1: For considering the discriminant of kx?+4kx+3=0 seen by the statement (4k)2 —4kx3>0

M1: For attempting the solution of the quadratic inequality using both critical values.

AO0: Incomplete proof. The candidate fails to combine 0 <k <% with k=0
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11.

AS Mathematics — Paper 1 (Pure Mathematics)

Exemplar question 11

(@) Prove that for all positive values of x and y,

ng-ﬁ-y.

2

(b) Prove by counterexample that this is not true when x and y are both negative.

)

1)

(Total for Question 11 is 3 marks)

Mark scheme

‘ Question ‘ Scheme ‘ Marks AOs
11 (a) Since x and y are positive, their square roots are real and so
Way 1 (VX —y)?20 giving x—2VX\[y +y=0 ML ]2l
. 2\Xy <x+y provided x and y are positive and so
Al* 2.2a
\/W < M *
2
)
Way 2 Since (Xx—Y)*>0 for real values of x and y, X’ -2xy+y*>0 and M1 -
Longer 2 2 2 :
method SO AXy < X" +2xy+Yy i.e. Axy <(x+Yy)
. 2\Xy <x+y provided x and y are positive and so
Al* 2.2a
\/WS ﬂ *
2
)
(b) Let x = -3 and y = -5 then LHS = \/1_5 and RHS= -4 so as B1 24
J15 > —4 result does not apply '
(1)
(3 marks)
Notes:
(a)

M1: Need two stages of the three stage argument involving the three stages, squaring, square
rooting terms and rearranging
Al*: Need all three stages making the correct deduction to achieve the printed result

(b)

B1l: Chooses two negative values and substitutes, then states conclusion
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Student Response A

11. (a) Prove that for all positive values of x and y

V<522
(2)

(b) Prove by counter example that this is not true when x and p are both negative.

1)

IO N A T 1 1 TR

Examiner Comments:

Part (a)

MO AO: Not attempted.

Part (b)

B1: Sets x and y negative, calculates both sides correctly and states that "it is not true".
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Student Response B

5 — P b LA
@) g < T
. S 4
IV&, < x -rr.fl‘fz} 7
| L%-

=
b < o 4w =y
| - S

= PR
x —-Zﬂtﬂ tw 20
2 . 2
[Xx—-—u) = o
T 7 r
= = = -5
W= 4
R
N!“_ll“}"!-g —
2
- — 1
A 20 = .
-
- LF-? f -'-'hl-*‘g l/

2/3
Examiner Comments:

Part (a)

M1: This candidate starts from the premise that it must be true. This approach may be quite popular.
The process followed is to square, rearrange and finish with a statement that is also true.

AO0*: The proof lacks a deduction.

Part (b)

B1: Sets x and y negative, calculates both sides correctly and states "NOT TRUE".
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Student Response C

O iy £ =

|

P e T A Zar_:g -1 u"—

=

BT 1 0 NV VOV S -~ S um/bﬁgﬁ/f'hon@

3/3
Examiner Comments:

M1: This candidate also starts from the premise that it must be true. The process followed is to
square, rearrange and finish with a statement that is also true.

Al1*: The proof is similar to candidate B but also gives a deduction. (We can condone the fact that it
is not stated that "If x and y are positive" at the start \/ﬁ exists" and the omission of <> symbols).
(b)

B1: Sets x and y negative, calculates both sides correctly and states "NOT TRUE".
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12.

A student was asked to give the exact solution to the equation 22*4 - 9(2) = 0.

The student’s attempt is shown below:

2244 _9(29=0
22+ 24929 =0
Let2X=y
y?—9y+8=0
(y-8)(y-1)=0
y=8ory=1
Sox=3o0rx0

(a) Identify the two errors made by the student.

)

(b) Find the exact solution to the equation.

()
(Total for Question 12 is 4 marks)
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Mark scheme

Question ‘ Scheme Marks AOs
12(a) 22 4 2% is wrong in line 2 - it should be 2% x 2* B1 23
In line 4, 2* has been replaced by 8 instead of by 16 Bl 2.3
)
(b) Way 1: Way 2:
22X+4 _ 9(2X) — 0
22 % 2% _9(2") =0 (2x+4)log2—1log9—xlog2=0 M1 51
Let 2" =y
16y* -9y =0
y==2ory=0
; log(3) | X= Ioig—4 0.e.
So x = log, (%) or —2187 log2 Al 1.1b
log 2
0.e. with no second answer
)
(4 marks)
Notes:
(@)

B1: Listserrorin line 2 (as above)
B1: Listserrorin line 4 (as above)

(b)
M1: Correct work with powers reaching this equation
Al: Correct answer here — there are many exact equivalents
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Student Response A

P e ~q(9)
S S

Sﬁ fL3+ le 4@7~C\j T

1/4
Examiner Comments:
Part (a)

BO: The candidate does not identify that 224 = 2%* +2* Their (second) statement is incorrect.

B1: Correctly stated that 2* =16 not 8, thereby identifying the error.
Part (b)

MO: Cannot be scored from a linear equation.

AQ: Follows MO
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Student Response B

=S T SO M.\ -0 YR -

O )
g 7 I

2/4

Examiner Comments:
Part (a)

B1: The expression 2%* x2* is sufficient for this award.
B1: The +16 is sufficient justification to award this mark.

Part (b)
MO: This mark is not awarded as the candidate writes an incorrect quadratic.
AO0: Follows MO
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Student Response C

elay g 2%, o+
N o BT
o e
X g
7.+ 3
gr. = I8

i ‘~H.

g

L) ZZUC‘H# a 9(21) - O

(2% . 2%] . 982%) < p
(e . ikl Ay el
lek...2* =Y

3/4
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Examiner Comments:
Part (a)

B1: Either statement is sufficient for this award.

B1: For 2* #8

Part (b)

M1: For correct work leading to 16y® —9y =0
AO0: An exact answer is required.



@ Pearson

13. (a) Factorise completely x3 + 10x? + 25x.

2)

(b) Sketch the curve with equation y = x3 + 10x? + 25x, showing the coordinates of the points at
which the curve cuts or touches the x-axis.

)
The point with coordinates (-3, 0) lies on the curve with equation
y = (x +a)%+ 10(x + a)® + 25(x + a), where a is a constant.
(c) Find the two possible values of a. -
3

(Total for Question 13 is 7 marks)
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Mark scheme

‘ Question ‘ Scheme Marks AOs
13(a) x® +10x° + 25x = x(x* +10x + 25) M1 1.1b
= X(x+5)° Al 1.1b
(2)
(b)
correct
orientation
-5 R Curve
0 X passes
through the
origin (0, 0)
and touches
at (—5,0) Alft 1.1b
(see note
below for ft)
)

(c) Curve has been translated a to the left M1 3.1a
a=—2 Alft 3.2a
a=3 Alft 1.1b

@)
(7 marks)

Notes:

(@)

M1: Takes out factor x
Al: Correct factorisation — allow x(x + 5)(x + 5)

(b)

M1: Correct shape

Alft: Curve passes through the origin (0, 0) and touches at (—5, 0) — allow follow through
from incorrect factorisation

(c)

M1: May be implied by one of the correct answers for a or by a statement
Alft: ft from their cubic as long as it meets the x-axis only twice

Alft: ft from their cubic as long as it meets the x-axis only twice
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Student Response A

)

,\/ = r S 250—135
Y20 ey 5)

oy (033’ + 10(013 135(0) O

Examiner Comments:

Part (a)

M1: For taking out a factor of x.
Al: Fully correct.

Part (b)

MO: Incorrect shape (orientation).
AOft: Follows MO.

Part (c)

MO A0 AO: Not attempted.

(VO, 5)

217

62
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Student Response B

3)
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Examiner Comments:

Part (a)

MZ1: For taking out a factor of x.

Al: Fully correct.

Part (b)

M1: For a cubic graph with the correct orientation.

Al: Fully correct.

Part (c)

MO: Potentially this method could succeed. This mark is not awarded as the candidate does not
proceed with a correct method to find at least one value for a.
A0 AO: Must follow MO.
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Student Response C
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6/7
Examiner Comments:
Part (a)
MZ1: For taking out a factor of x.
Al: Fully correct.
Part (b)
M1: For a cubic graph with the correct orientation.
AO: Incorrect.
Part (c)
M1: Implied by one correct answer.
Al Al: Both correct answers are given.
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14.

logio P

(0.5)

v

Figure 2

A town’s population, P, is modelled by the equation P = ab', where a and b are constants and t is
the number of years since the population was first recorded. The line | shown in Figure 2 illustrates
the linear relationship between t and logio P for the population over a period of 100 years.

The line | meets the vertical axis at (0, 5) as shown. The gradient of | is ﬁ .

(a)

(b)

(©)

(d)

(€)

Write down an equation for |.

)
Find the value of a and the value of b.

(4)
With reference to the model, interpret
(i) the value of the constant a,
(ii) the value of the constant b.

)
Find

(i) the population predicted by the model when t = 100, giving your answer to the nearest
hundred thousand,

(i) the number of years it takes the population to reach 200 000, according to the model.

(3)

State two reasons why this may not be a realistic population model.

(2)
(Total for Question 14 is 13 marks)
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Mark scheme

Question  Scheme Marks AOs

14(a) log,,P =mt+c¢ M1 1.1b
1
log,,P=—1t+5 Al 1.1b
O10 200
)
(b) Way 1: Way 2:
As P =ab' then o P—L+5 A
log,, P =tlog,, b+log,, a As 1000 = 200 then M1 2.1
t t
P10 15620
log b=—1 or log,a=>5 (i) M1 1.1b
10 200 10 a=10°or b=10"% '
so a =100 000 or b =1.0116 Al 1.1b
both a =100 000 and b = 1.0116 (awrt 1.01) Al 1.1b
(4)
(c) (i) The initial population B1 3.4
(i) The proportional increase of population each year Bl 3.4
)
(d) (i) 300000 to nearest hundred thousand B1 3.4
(i) Uses 200000=ab' with their values of a and b or
log,, 200000 = %t +5 and rearranges to give t = M1 34
60.2 years to 3sf Alft 1.1b
©)
(e) Any two valid reasons- e.g.
e 100 years is a long time and population may be affected
by wars and disease
e Inaccuracies in measuring gradient may result in widely 52 3.5h
different estimates '
e Population growth may not be proportional to population
size
e The model predicts unlimited growth
)
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Question 14 continued

Notes:

(@)

M1: Uses a linear equation to relate log P and t

Al: Correct use of gradient and intercept to give a correct line equation

(b)

M1: Way 1: Uses logs correctly to give log equation; Way 2: Uses powers correctly to “undo”

log equation and expresses as product of two powers

M1: Way 1: Identifies log b or log a or both; Way 2: identifies a or b as powers of 10

Al: Correct value foraorb

Al: Correct values for both

(©()

B1l:  Accept equivalent answers e.g. The population att=0

(c)(ii)

B1l:  So accept rate at which the population is increasing each year or scale factor 1.01 or
increase of 1% per year

(d)(®)

B1: cao

(d)(ii)

M1: As in the scheme

Alft: On their values of a and b with correct log work

(e

B2:  Asgiven in the scheme — any two valid reasons
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Student Response A

&j&t,%:{;@(l_a}Lo%mP;mb*t

4/13

Examiner Comments:

Part (a)

M1: For using a linear equation to link log,, P with t.
) ot

Al: For log,, P = 500 +5

Part (b)

_ . : . _t . ot
MO: The candidate fails to link log,, P = 500 +5 with P=ab

M1: For identifying log,, P =5from presumably putting t =0 and using this as the value for a.

Al: For a=100000

AQ: This mark requires both a and b.
Parts (c), (d), (e) No further progress.
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6/13
Examiner Comments:
Part (a)
M1: For using a linear equation to link log,, P with t.
Al: For log,, P =ﬁ+5
Part (b)

. idate fails to i _ b e with Poabt
MO: The candidate fails to link log,, P = 00 +5 with P=ab

M1: For identifying log,, P =5from presumably putting t =0 and using this as the value for a.

Al: For a=100000

AO0: This mark requires both a and b.

Part (c)(i) B1: For stating that 'a" is the initial population.

Part (c)(ii) B1: For stating that 'b" is the rate of growth. (We felt that this was acceptable)
Parts (d), (e) No further progress.
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20 = L727%
v = \NOog yAw)
J e
= \S
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Examiner Comments:
Part (a)

MIAL: For log,, P = +5

Part (b)

M1: The candidate links log,, P = 2%0+5 with P =ab' by way two in the mark scheme.

M1: Scored for a=10°
AO0: Both values are incorrect a=10000 and b #1.22

AO: This mark requires both a and b The value of b is incorrect.
Part (c)(i)

BO: Stating that it is the starting value does make reference to the model. Population need to be

mentioned. The starting population would be fine.

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
71

8/13



Part (c)(ii)

B1: For stating that 'the population rises by 22% a year" is acceptable.

Part (d)

BO: Incorrect.

M1: For using 200 000 =10000x1.22"

Alft: 15 is the correct follow through for their values.

Part (e)

B1: For one valid reason.

BO: The second reason is really the same as the first and cannot be accepted.



15.

@ Pearson

Diagram not
drawn to scale
yT Cy
C»
0 ( X
Figure 3

The curve Cy, shown in Figure 3, has equation y = 4x? — 6x + 4.

The point P(% 2) lies on Ci.

The curve Ca, also shown in Figure 3, has equation y = 1 X + In (2x). The normal to C; at the point
P meets C> at the point Q.

Find the exact coordinates of Q.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(8)
(Total for Question 15 is 8 marks)
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Mark scheme

Question | Scheme \ETS ‘ AOs
15 _ dy

Finds —=8x-6 M1 3.1a

dx
Gradient of curve at P is -2 M1 1.1b
.11
Normal gradient is - —= = M1 1.1b
m 2
. . 1 1 _

So equation of normal is (y—-2) = E(x —Ej or 4y = 2x+7 Al 1.1b

Eliminates y between y =1 x+In(2x)and their normal equation M1 314

to give an equation in x '

. 7 1!
Solves their In2x =2 SO X = 564 M1 1.1b
Substitutes to give value fory M1 1.1b
oo (1117
PointQis | —e*, —e4+— Al 11
Q [2 4 4} b
(8 marks)

Notes:

M1: Differentiates correctly

M1: Substitutes x = % to find gradient (may make a slip)

M1:  Uses negative reciprocal gradient

Al: Correct equation for normal

M1: Attempts to eliminate y to find an equation in x
M1: Attempts to solve their equation using exp

M1: Uses their x value to find y

Al:  Any correct exact form
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au

>
ac

o

3/8

Examiner Comments:

M1: For d—y:8x—6

dx
Al: For substituting x :% and finding the gradient.
MO: Does not find the gradient of the normal.

AQ: Follows MO.

M1: For eliminating y to find an equation in x

MO: Cannot be awarded as the candidate don't use exponentials to find x
MO: A value of y is not attempted.

AO: Incorrect.
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15.

T

Diagram not
drawn to scale

G —,‘/«)(,J—J/:k(z")

z

.

i

Figure 3

5/8
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Examiner Comments:

M1: For ﬂ:8x—6
dx

Al: For substituting x =% and finding the gradient.

M1: For finding the gradient of the normal by using the negative reciprocal.

Al: For vy :§+1.75

MZ1: For eliminating y to find an equation in x
MOMOADO: No further progress.
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\6=—%Q1¥%43*kngzxzm)

DX T

o QC T 3w
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Examiner Comments:

M1: For Q:SX—G
dx

Al: For substituting x =% and finding the gradient.

M1: For finding the gradient of the normal by using the negative reciprocal.

Al: For y:§+%

MZ1: For eliminating y to find an equation in x.

M1: For attempting to solve their equation using exponentials.
MZ1: For substituting their x value to find y.

AO0: An exact form of the answer is required for this mark.



16.

C

Figure 4

Figure 4 shows the plan view of the design for a swimming pool. The shape of this pool ABCDEA
consists of a rectangular section ABDE joined to a semi-circular section BCD as shown in Figure 4.

Given that AE = 2x metres, ED =y metres and the area of the pool is 250 m?,

(@) show that the perimeter, P metres, of the pool is given by

p=oys 220, 7X
X 2
(4)
(b) Explain why 0 < x < /@ .
T
)
(c) Find the minimum perimeter of the pool, giving your answer to 3 significant figures.
(4)

(Total for Question 16 is 10 marks)
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Mark scheme

Question  Scheme ‘ Marks ‘ AOs
16(a 2
@) Sets 2xy+”;‘ —~ 250 B1 2.1
2
X
250—-——
M1 1.1b
Obtain Y = TZ and substitute into P
Use P =2x+2y+ zxwith their y substituted M1 2.1
2
P:2x+@—ﬂ+ﬂx:2x+@+ﬂ—x* Al* 1.1b
X 2X X 2
(4)
(b) 2
250 7% )
x >0 andy > 0 (distance) DTZ>O or 250—7>O M1 2.4
0.e.
. . 500 .
As x and y are distances they are positive so 0< x<,[— * Al 3.2a
T
)
(© . . . - . dP =
Differentiates P with negative index correct in ot X =X M1 3.4
X
P 2
dP_, 280 7 Al 1.1b
dx X 2
dP _
Sets ol 0 and proceedsto x = M1 1.1b
X
Substitutes their X into P = 2x+@+ﬂ—x to give
X 2 Al 1.1b
perimeter =59.8 m
(4)
(10 marks)
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Question 16 continued

Notes:

(@)

B1l: Correct area equation

M1: Rearranges their area equation to make y the subject of the formula and attempt to use with
an expression for P

M1: Use correct equation for perimeter with their y substituted

Al*: Completely correct solution to obtain and state printed answer

(b)

M1: States x >0 and y > 0 and uses their expression from (a) to form inequality

Al*: Explains that x and y are positive because they are distances, and uses correct expression
for y to give the printed answer correctly

(©)
M1: Attempt to differentiate P (deals with negative power of x correctly)
Al: Correct differentiation
M1: Sets derived function equal to zero and obtains x =
500
4+ 1

Need to see awrt 59.8m with units included for the perimeter

Al: The value of x may not be seen (it is 8.37 to 3sf or
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A el
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Examiner Comments:

Part (a)

B1: Scored on the first line for correct area equation.

M1: For rearranging their (correct) area equation, makes y the subject and substitutes into an
expression for P.

MO: This mark requires a correct equation for the perimeter. This candidate written 2zx which is
incorrect.

AO: Follows MO
Part (b)
2
250 —%
MO: The candidate needs to consider o >0

AO0*: Follows MO

Part (c)

MO: The negative index is not correctly dealt with. We need to see x* — x2
AO0: Follows MO

M1: Scored for setting ((jj—z =0 and using a correct method to proceed to a value for x.

AO: Incorrect.
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Student Response B

v

Pz 2+ 29 « s
0z 2 x pfd2 ~2>)

i)

......................................................... J0oa tid.n - -
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Examiner Comments:

Part (a)

B1: Scored on the first line for correct area equation.

M1: For rearranging their (correct) area equation, makes y the subject and substitutes into an
expression for P.

M1: For using the correct equation for P with their y substituted. We felt that the omission of the
X can be regarded as a slip and not an error in method.

AQO0: Follows the accuracy slip. The correct answer is not achieved.

Part (b)

2
250 X

MO: The candidate needs to consider Tz >0

AO0*: Follows M0
Part (c)

MO: The negative index is correctly dealt with. We see x ™ — x2.

AO: Incorrect d—P
dx

ap

M1: Scored for setting vl 0 and using a correct method to proceed to a value for x.

AO: Incorrect.



AS Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response C

v 7 ’
f . -
16. T %\ %
< 2xm >
A E"? /\\7(/
B D v ,«\ﬁ’/l/
8
Figure 4
. ™ (4)

.................................................
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Examiner Comments:
Part (a)
B1: Scored on the first line for correct area equation.
MZ1: For rearranging their (correct) area equation, makes y the subject and substitutes into an
expression for P.
MZ1: For using the correct equation for P with their y substituted.
Al: For a completely correct solution proceeding to the printed answer.
Part (b)
250 —”—XZ

MO: The candidate needs to consider TZ >0

AO0*: Follows MO
Part (c)

M1: The negative index is correctly dealt with. We see x> — x 2.

Al: Correct. We condone the fact that z—z is incorrectly labelled as g—i
M1: Scored for setting 2—5 =0 and using a correct method to proceed to a value for x.

Al: Correct answer achieved by a correct method.



17.

@ Pearson

A circle C with centre at (-2, 6) passes through the point (10, 11).

(@) Show that the circle C also passes through the point (10, 1).
3)

The tangent to the circle C at the point (10, 11) meets the y-axis at the point P and the tangent to the
circle C at the point (10, 1) meets the y-axis at the point Q.

(b) Show that the distance PQ is 58, explaining your method clearly.

(7)
(Total for Question 17 is 10 marks)
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Mark scheme

‘ Question ‘ Scheme ‘ Marks AOs
17 (a) Way 1: Way 2:
Finds circle equation Finds distance between
(Xi2)2 +(y$6)2 — (—2, 6) and (10, 11) M1 3.1a

(10+(~2))2 + (117 6)?

Checks whether (10, 1) | Finds distance between (-2, 6) M1
satisfies their circle equation and (10, 1) 1.1b

Obtains

(x+2)*+(y—-6)>=13 and Concludes th i < th
checks that oncludes that as distance is the | ., ’1

) ) ) same (10, 1) lies on the circle C *
(10+2)°+(1-6)"=13"s0
states that (10, 1) lieson C *

©)
(®) Finds radius gradient 11-6 or 1-6 (m) M1 3.1
Jda
J 10-(-2) " 10-(<2)
1
Finds gradient perpendicular to their radius using . M1 1.1b
Finds (equation and ) y intercept of tangent (see note below) M1 1.1b
Obtains a correct value for y intercept of their tangent i.e. 35 or -23 | Al 1.1b
Way 1: Deduces gradient of | Way 2: Deduces midpoint of PQ
M1 1.1b
second tangent from symmetry (0, 6)
Flnds (equation ~and ) y Uses this to find other intercept M1 1.1b
intercept of second tangent
So obtains distance PQ = 35 + 23=58* Al* 1.1b
(7)
(10 marks)

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
91



L2 B et
’“@m UL

z“'___"-

"""fﬂf_;;é{ﬁjf&}}%;é@f}}l}jffflﬁfﬁfﬁjfffﬁfffﬁfff'_f_ffffﬁﬁfﬁffffffﬁffffﬁﬁfffffffffffﬁjfﬁffffffffffffffffffffffffffffffffffffff

ot St =B

4/10

Examiner Comments:
Part (a) Attempted by Way Two shown on the mark scheme.

M1: For attempting to find the distance between (—2,6) and (10,11) using a correct method.

M1: For attempting to find the distance between (—2,6) and (10,1) using a correct method.

AO0*: Some written comment is required. This candidate would have needed to say "As 13=13,
both distances are the same and (10,1) lies on the circle".
Part (b)

11-6

10-(-2)

MZ1: For finding the gradient of the tangent implied by —% (following their % ).

MZ1: For finding the gradient of the radius as seen by

MO A0 MO MO AO0*: No further progress.
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Examiner Comments:
Part (a) Attempted by Way One shown on the mark scheme.

M1: For attempting to find the equation of the circle implied by (x+ 2)2 +(y—6)2 =169
M1: For attempting to check whether (10,1) satisfies their circle equation.

Al1*: For a correct circle equation, correct calculations and a statement that (10,1) lies on the circle.

Part (b)
- . . 11-6
M1: For finding the gradient of the radius as seen by 1052

M1: For finding the gradient of the tangent implied by —% (following their % .

MO: A (correct) tangent equation is found 5y+12x—-175=0, but there is no attempt to find its
y-intercept. The candidate do find a value for y, but this is after combining both equations.
A0: Follows MO

M1: For finding the gradient of the second tangent implied by % (following their —%).

MO: A (correct) second tangent equation is found 5y —12x+115=0, but there is no attempt to find
its y-intercept.
AO0*: No further progress.
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Examiner Comments:
Part (a) Attempted by Way One shown on the mark scheme.

M1: For attempting to find the equation of the circle implied by (x+ 2)2 +(y—6)2 =169

M1: For attempting to check whether (10,1) satisfies their circle equation.

AO0*: The candidate has a correct circle equation, correct calculations but missing a statement
that(10,1) lies on the circle as 169 =169

Part (b)

M1: For finding the gradient of the radius as seen by ié—;g

MZ1: For finding the gradient of the tangent implied by —% (following their %).
M1: A (correct) method is used to find the y-intercept. The candidate substitutes (10,11) into

y:—%x+c and finds c.

Al: For one correct y -intercept (35).

MZ1: For finding the gradient of the second tangent implied by 2.4 (following their —% .

MZ1: A (correct) method is used to find the second y-intercept. The candidate substitutes (10,1) into
y =2.4x+c and finds c.
Al*: The candidate obtains the given answer (58) by a valid method.



A level Mathematics — Paper 1 (Pure Mathematics) @ Pearson

A level Mathematics — Paper 1 (Pure)

Exemplar question 1

The curve C has equation y = 3x* — 8x® — 3.

@ Find (i) :_3(’

. d%y
i) —-.
(ii) 0
©)
(b) Verify that C has a stationary point when x = 2.
)
(c) Determine the nature of this stationary point, giving a reason for your answer.
)

(Total for Question 1 is 7 marks)

Mark scheme

‘ Question ‘ Scheme

1(a) () dy 103 —24x2 M1 1.1b
dx Al 1.1b
. d’y )
(i) — =36x"—-48x Alft 1.1b
dx
®3)
(b) Substitutes x = 2 into their g—y =12x2° - 24x2? M1 1.1b
X
Shows % =0 and states "hence there is a stationary point" Al 2.1
X
)
(©) . o _d?y )
Substitutes x = 2 into their o 36x2°—-48x2 M1 1.1b
X
2
3—)2/ =48 > 0 and states "hence the stationary point is a minimum" Alft 2.2a
X
)
(7 marks)
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Question 1 notes:

(@)()
M1: Differentiates to a cubic form
Al: ady =12x3 —24x%*
dx
(a)(ii)
) : dzy . dy 2
Alft: Achieves a correct —-for their —= =36x" —48x
dx dx
(b)
. . A . dy
M21: Substitutes x = 2 into their ™
X
Al:  Shows j—y = 0 and states "hence there is a stationary point" All aspects of the proof
X
must be correct
(©
_ . . _d?y
M1: Substitutes x = 2 into their FY3
X
Alternatively calculates the gradient of C either side of x =2
Alft: For a correct calculation, a valid reason and a correct conclusion.

d’y

Follow through on an incorrect o
X
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Student Response A

1. The curve C has equation

y=3x'-8¢-3
(a) Find (i) dy
dx
(iiy 42
dx (3)
(b) Verify that C has a stationary point when x = 2
(2)
(¢) Determine the nature of this stationary point, giving a reason for your answer.
(2)

@) (Y Ay - 12.2-94%3
X

- 1’3>C_>" Moy

Examiner Comments:

Part (a)(i)
MO: The candidate fails to differentiate into a cubic form.
AO0: Follows MO. Incorrect, % #12x3 — 24%°
Part (a)(ii)
AOft: Incorrect follow through. The -3— -3
Part (b)
_ . . dy .. . . . dy
M1: For substituting x =2 into I This is implied as their ax =13
X=2
AQO: Incorrect.
Part (c)
_ dy _d%y
M1: For substituting x =2 into ™ This is implied as their—5| =13
X
X=2

217

AOft: For having an incorrect conclusion. If the candidate had "Minimum" they would have been

awarded this mark
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Student Response B

1. The curve C has equation

(a) Find (i) &
dx
(ii) d_‘
dx (3)
(b) Verify that C has a stationary point when x = 2

(2)

(¢) Determine the nature of this stationary point. giving a reason for your answer.

(2)

@ M- O Thx , -
&= A= 24

9%3',: LY, :f'D._z_f 18)&
oL* |

{ Fx ] - %L
- g

© A M = S~( ki it

A —
b

4/7

Examiner Comments:
Part (a)(i)
M1: Differentiates to a cubic form.

AO0: Incorrect dy 212x°% — 24x?

dx
Part (a)(ii)
d (9x3 - 24x2)

_ 2 _
X = 27X —48x

Alft: Correct follow through

Part (b)

MO: For failing to substitute x =2 into d_y

dx
AQ: Follows MO
Part (c)
2
M1: This is implied as the candidate states 3—2’ =8 (and the working seen in (b) confirms this).
X
2

: : : _d%y
Al: For a correct calculation, a valid reason and a correct conclusion for their i
X

X=2
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Student Response C

e (\} (j fo Y 2 2 = 3
A Y AEY)
AT -
= B — P47~

D 4 df x=9 - 7 8- F |
I =W =7
=.
T LGl = = 47
T 4 %
= 2 Miaimum lpm'zlf' d% s

Examiner Comments:

Part (a)(i)
M1: Differentiates to a cubic form.
Al: Correct % =12x% - 24x°
Part (a)(ii)

d’y 2
ALl: Correct —5- =24x" —48x

dx
Part (b)
M1: For substituting x =2 into their g—i
AQ: Although the candidate achieved g—i =0, no conclusion is given.
Part (c)

d’y

M1: For substituting x =2 into theird—2
X

2

, , , . avy
Al: For a correct calculation, a valid reason and a correct conclusion for their ™3

X X=2
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A 0 D
-—12cm—>

Figure 1

The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O joined to a
sector AOB of a different circle, also centre O.

Given that arc length CD = 3 cm, ZCOD = 0.4 radians and AOD is a straight line of length 12 cm,
find

(@) the length of OD,

)
(b) the area of the shaded sector AOB.

(©)

(Total for Question 2 is 5 marks)
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Mark scheme

Question  Scheme Marks AOs

2(a) Uses s=rf =3=rx0.4 M1 1.2
=0D=75cm Al 1.1b
(2)
(b) Uses angle AOB =(—0.4) or uses radius is (12 - *7.5”) cm M1 3.1a
Uses area of sector =%r26?=%><(12—7.5)2 x (7 —0.4) M1 1.1b
= 27.8cm? Alft 1.1b
3
(5 marks)
Notes:
(€))

M1: Attempts to use the correct formula s=r@ with s=3and §=0.4

Al: OD =75 cm (An answer of 7.5cm implies the use of a correct formula and scores both
marks)

(b)

M1: AOB=rx-0.4may be implied by the use of AOB = awrt 2.74 or uses radius is
(12 — their “7.5”)

M1: Follow through on their radius (12 — their OD) and their angle

Alft: Allow awrt 27.8 cm?. (Answer 27.75862562). Follow through on their (12 — their *7.5”)
Note: Do not follow through on a radius that is negative.
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Student Response A

A (J D
< 12cm -

Figure 1

The shape ABCDOA, as shown in Figure 1. consists of a sector COD of a circle centre O
joined to a sector AOR of a different circle, also centre (.

Given that arc length C = 3 cm, ZC0{) = 0.4 radians and AOD is a straight line of

length 12 em,
(a) find the length of OD,

(2)
(b) find the area of the shaded sector AOB.

(3)

() S=¢6 -

2/5

Examiner Comments:

Part (a)

M1: For attempting to use the correct formula s=r@ with s=3 and =04
AO: Incorrect answer.

Part (b)

M1: Uses a radius of 10.8 which is (12 — their OD).

MO: Incorrect formula used.

AO0: Follows M0
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Student Response B

(

1

1800

3/5

Examiner Comments:

Part (a)

M1: For attempting to use the correct formula s =ré@ with s=3 and #=0.4

Al: Correct answer 7.5 cm

Part (b)

M1: Scored for using a radius of 4.5 cm

MO: This is not awarded as the candidate attempts the correct formula but the angle has been found
incorrectly. It seems like they used 180 — 0.4, mixing up degrees and radians.

AO: Incorrect answer.
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Student Response C

¢
fﬂt\ .J:j'-'—%id-‘bl"z}

dy = \2x - 24
I

&«

) Al s 262 - 46
o

b) 5@&{% #,;,tt o =2 4&;10.

ot x=2_Jy = FENTEAYAa 12(2) 2 4(2")

e - 9¢ -6
<« 0 « ttrwey Jupt
w 0’ ﬂ

o) ob 2= Ay < 4% >0 & wen
3

4/5

Examiner Comments:

Part (a)

MZ1: For the implied use the correct formula s =r& with s=3 and €=0.4

Al: Correct answer 7.5 (cm). We are condoning the lack of units here in this question.
Part (b)

M1: For using a radius of 4.5 cm

M1: Awarded for a correct area formula with a correct radius and 6.

AO0: Inaccurate answer.
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Exemplar question 3
A circle C has equation x? + y? — 4x + 10y = k, where k is a constant.

(a) Find the coordinates of the centre of C.

(2)

(b) State the range of possible values for k.
)

(Total for Question 3 is 4 marks)

Mark scheme

Question  Scheme

3() Attempts (x—2)" +(y+5)" =.... M1 1.1b
Centre (2, —5) Al 1.1b
)
(0) Sets k+2?+52 >0 ML 22a
=k >-29 Alft 1.1b
)
(4 marks)
Notes:
(@)

M1: Attempts to complete the square so allow (x—2)2 +(y+5)2 =...

Al: States the centre is at (2, —5). Also allow written separately x=2,y=-5
(2, —5) implies both marks

(b)
M1: Deduces that the right hand side of their (xi...)2 +(yi...)2 =..is >00r >0

Alft: k>-29 Also allow k > —29 Follow through on their rhs of (xi...)2 +(yi...)2 =...
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Student Response A
3. Acircle C has equation
X+ —4x+10y=k

where k is a constant.

(a) Find the coordinates of the centre of C.

(2)

(b) State the range of possible values for £.

(2)

(x-2Y'— 4 = (y+5)-10 =k
(x-2) 4 (Kj*'by = k\4 -

L\O\ (7’, \(_74 ‘*Lfi = k’l‘*\qg

1/4

Examiner Comments:
Part (a)
M1: For attempting to complete the square (x—2)° +(y+5)* =..

AOQ: Incorrect answer. Centre # (2, —5).

Part (b)

MO: The candidate fails to deduce, in their case, that k + 14 >0
AO0: Follows M0
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3. Acircle C has equation

¥+ -4+ 10y =k

where k is a constant.

(a) Find the coordinates of the centre of C.

rd
(x- \“L -t (j* s\ -2 @
W ~ s L
(b) State the range of possible values for £. '
(2)

(2= -a t flj £3) —24= Kk

o) (:‘Ql.'[-) ‘)

L) 29 e > 29

2/4

Examiner Comments:
Part (a)

M1: Attempts to complete the square (x—2)° +(y+5)" =..

Al: Correct answer. Centre = (2, -5).

Part (b)

MO: The candidate fails to deduce, in their case, that k+29>0 If the candidate had written
k > — 29 both marks would be gained as the method would have been implied.

AO0: Follows MO
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Student Response C
3. Acircle C has equation
xXX+y? —4x+ 10y=k

where £ is a constant.

(a) Find the coordinates of the centre of C.

(2)
(b) State the range of possible values for .
(2)
S A i
R =L X~F =~ T0g=k
K23 = (J-sSy 25 =K

X

T w o (e = A

(N ceNtro £ .. —57)

U\ (c «x2A > O

e S

Examiner Comments:

Part (a)

M1: Attempts to complete the square (x— 2)2 +(y+5)2 =..
Al: Correct answer. Centre = (2, -5).

Part (b)

M1: The candidate deduces that k + 29 > 0

AO: Incorrect answer.

3/4
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Exemplar question 4
Given that a is a positive constant and

2a
f ttlldt =In7,

a

show that a = In k, where k is a constant to be found.
(4)

(Total for Question 4 is 4 marks)

Mark scheme

Question  Scheme Marks AOs
. t+1 1 .
Writes xS dt= 1+f dt and attempts to integrate M1 2.1
=t+Int (+c) M1 1.1b
(2a+In2a)—(a+Ina)=In7 M1 1.1b
a:InZ with k=Z Al 1.1b
2 2
(4 marks)

Notes:

M1: Attempts to divide each term by t or alternatively multiply each term by t *
1 . . .

M1: Integrates each term and knows J.—dt =Int. The + ¢ is not required for this mark
t

M1: Substitutes in both limits, subtracts and sets equal to In7

-
Al: Proceedsto a= In% and states K =—or exact equivalent such as 3.5
2

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
111




A level Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response A

4. Given that a is a positive constant and

RV
P
show that @ = Ink, where k is a constant to be found.
(4)
26
r/* [ . ‘12&
ERVIEETIn :
] I
(7]
= Lo 4 lv\lawf« — lna
A 2
- 9_'_1 - [V"Q
Z

1/4

Examiner Comments:
MO: The first term has not been divided by t.

1
M1: For integrating each term and knowing that J} dt=Int

MO: The candidate substitutes in both limits, subtract but don't set equal to In7.
AO0: Follows any MO
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Student Response B

4. Given that « is a positive constant and
2041
I ——dr=1In7
a t
show that ¢ = Ink. where k is a constant to be found.

4)

ya

=
)

it

/ f . 9
= LT e

v\

Seet [ado 6 —{pe
;\C\*(Mzr}’&«uﬂa: n F

3/4

Examiner Comments:
MZ1: For dividing both terms by t.

1
M1: For integrating each term and knowing that _[f dt=Int

M1: The candidate substitutes in both limits, subtract and set equal to In7.
AO0: No further progress.
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Student Response C

4. Given that a is a positive constant and

J' il i
o !
show that @ = Ink. where & is a constant to be found.
(4)
y 4 ot i ¢ = s} if@{
N = (€~ A3
J £ \ & &£
1//. !
2 \ \ ’e
o e
= [Fe G = [/
L~ — ’
) To — o= (pnda-na=ln /7
C)\ "t (ﬂ,\? - fl/* ‘7
7 ; -
= \\/\ "/—- Jal\ S ((,\ 5{7

4/4

Examiner Comments:
M1: For dividing both terms by T. We can condone the use of t and T in this solution.

1
MZ1: For integrating each term and knowing jf dt=InT

M1: The candidate substitutes in both limits, subtract and set equal to In7.

Al: Acceptable answer of a=In 32 IS seen.
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Exemplar question 5
A curve C has parametric equations

Xx=2t—1, y=4t-7+ % t=0.

Show that the Cartesian equation of the curve C can be written in the form

_ 2x*+ax+b
= x=-1
X+1
where a and b are integers to be found.
(©)
(Total for Question 5 is 3 marks)
Mark scheme
‘ Question ‘ Scheme Marks AOs
5
Attempts to substitute =X—+1into y=>y=4 x+l -7 + 6 M1 2.1
2 2 (x+1)
Attempts to write as a single fraction
_ (2x=-5)(x+1)+6 M1 2.1
(x+1)
2 p—
yo X3+l 3pa Al 1.1b
X+1
(3 marks)

Notes:

M1:  Score for an attempt at substituting t = XTH or equivalentinto y= 4t—7 +%

M1: Award this for an attempt at a single fraction with a correct common denominator.

Their 4[%)—7 term may be simplified first

2 p—
Al: Correct answer only y = 2x—3i<+1 a=-3b=1
X+

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
115



A level Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response A
5. A curve C has parametric equations

3
x=2-1, y=4-T7+ Fe r=0

Show that the Cartesian equation of the curve (" can be written in the form

,_Z:rz+ax+h
x+1

Cx#E-l

where a and b are integers to be found.

(3)

&?}'l-ﬁj‘ g >
y3 ga _

1/3

Examiner Comments:

M1: For substituting t:§+% into y:4t—7+%

MO: An incorrect attempt. The work on the term is clearly incorrect.

2772
AQO: Incorrect answer.
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Student Response B

5. A curve C has parametric equations
3

, =0
!

x=2-1, y=4-T+

Show that the Cartesian equation of the curve C can be written in the form

_2x*+ax+b

x#-1
x+1

y

where a and b are integers to be found.

(3)

(> 1) et

2/3

Examiner Comments:

M1: For attempting to substitute t:%+% into y:4t—7+%

The error on the sign of 7 is an accuracy slip rather than an error in method.
ML1: This is a correct attempt at a single fraction with a common denominator of (X+1).

AQ: Incorrect answer due to earlier slip.
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Student Response C
5. A curve C has parametric equations

3
x=2-1, y=4-7+ e t#0

Show that the Cartesian equation of the curve C can be written in the form

2x*+ax+b
e x# -1
x+1
where a and b are integers to be found.
(3)
: e\ .
. Ve AKel\ = F + 3 ~
T — 7
7t o
: : AN
ol > 41\ (< + :__\’71’ . Ot [\ _ S XH\ &
] /

(E\ Y= 2XF KD+ C

ot

\/f'—': r:) \(_4-:_____-'-%\_&_;\_[

3/3
Examiner Comments:

M1: Awarded on line one for t = x+l being substituted into y = 4t —7+§

2 t
M1: The method mark is not awarded until the last line. What is important here is that all terms on

line two are multiplied by (X+1).

Al: Correct answer.
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A company plans to extract oil from an oil field.

The daily volume of oil V, measured in barrels that the company will extract from this
oil field depends upon the time, t years, after the start of drilling.

The company decides to use a model to estimate the daily volume of oil that will be

extracted. The model includes the following assumptions:

* The initial daily volume of oil extracted from the oil field will be 16000 barrels.
* The daily volume of oil that will be extracted exactly 4 years after the start of drilling
will be 9000 barrels.

* The daily volume of oil extracted will decrease over time.

The diagram below shows the graphs of two possible models.

VA A

(0. 16000) (0. 16000)

(4. 9000) (4, 9000)
0 t o f
Model 4 Model B
(a) (1) Use model A to estimate the daily volume of oil that will be extracted exactly
3 years after the start of drilling. (2)

(i) Write down a limitation of using model A.

(b) (1) Using an exponential model and the information given in the question, find a
possible equation for model B.

(i1) Using your answer to (b)(1) estimate the daily volume of oil that will be extracted
exactly 3 years after the start of drilling.

(5)

(Total for Question 6 is 7 marks)




6 (a)(i) 10750 barrels Bl 34
(i) Gives a valid limitation, for example
e The model shows that the daily volume of oil extracted
would become negative as t increases, which is impossible
e States when t =10,V =-1500 which is impossible Bl 3.5
e States that the model will only work for 0 <t < %
)

(b)(i) Suggests a suitable exponential model, for example V = Ae® M1 3.3
Uses (0,16000) and (4,9000) in=> 9000 =16000e** dM1 | 3.1b
:k—lln(gj awrt—0.144 M1 1.1b

4 \16 ' '
In(2
v ~160006"" % or v ~16000¢ 2 AL LI
(i) Uses their exponential model with t =3 =V =awrt 10400 barrels Bift 3.4
(5)
(7 marks)

Notes:

(@)(i) B1l: 10750barrels

(a)(ii) B1l: Seescheme

(b)(i)

M1: Suggests a suitable exponential model, for example V = Ae*, V =Ar' or any other

dM1:

M1:
Al:

(b)(ii)

suitable function such as V = Ae" +bwhere the candidate chooses a value for b.

Uses both (0,16000) and (4,9000)in their model.

With vV = Ae" candidates need to proceed to 9000 =16000e*

With V = Ar' candidates need to proceed to 9000 =16000r*

With V = Ae“ +b candidates need to proceed to 9000 = (16000—b)e4k +b where b is given

as a positive constant and A+b=16000 .
Uses a correct method to find all constants in the model.
Gives a suitable equation for the model passing through (or approximately through in the

case of decimal equivalents) both values(0,16000) and (4,9000). Possible equations for
the model could be for example
V =16000e "V =16000x(0.866)  V =15800e°**" +200

B1ft: Follow through on their exponential model
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Student Response A
(07 S ®)

(o) pIAABBALYS W2 baels
u\ ML G Ap Qentoolly aoe | s O and

s £ umwc\j 6.0 ey w ON\N ¢ u@ he{ove A

—excelrhe s O,
(i) N= oo e~
1/7
Examiner Comments:
Part (a)(i)
B1: For 10750 barrels.
Part (a)(ii)

BO: "Going down to zero" isn't a limitation of the model. The limitation is that you cannot extract a
negative number of barrels of oil.

Part (b)(i)

MO: The candidate suggests an exponential model V =16000e™" but it isn't suitable as it would
not work at (4, 9000).

dMO0 A0

Part (b)(ii)

BO ft No further progress.
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Student Response B
G0 1) 11000 bonelz
T

(i Jo oot ewbtack o mgam
aveunts ¢ ol

(:lr; & V=Ae”
e=0 , V=1{000 (GO0 = A
& - 4000 am:Ae-**4
Qoo - Iéme

ndoce - -4
U t6oT?

L=—0'R35
13 6¢

V% A i

(N =3 V="F900 panels

Examiner Comments:

Part (a)(i)

BO: For 11000 barrels.

Part (a)(ii)

B1: For a correct limitation.

Part (b)(i)

M1: The candidate suggests an exponential model V = Ae ™

dM1: Both (0,16000) and (4,9000) are used correctly within the equation.

MO: The method of finding k is incorrect.

AQ: Follows MO

Part (b)(ii)

B1 ft: For using their model correctly to find the daily volume after 3 years.

4[7
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Student Response C
o o350

\ Lex,sm&} e odbachorn itk wre by e o cabuek old
}tﬂx‘i o == model 1 9oL ooy @W%ﬂg t‘tlmu oaid

biy—am——oe—— [ — 4)
oJ 7
@ V= A rah
B=1k,000

-V = 1600 ¢

Toce = Whoo e‘i—E
Al X
—ap - Yo
4le ~ An'"a
7~ LA
5
. o {15

= Jo 392 >otss

-~ 1 o> =2 <./.\
- L‘ e

6/7
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Examiner Comments:

Part (a)(i)

B1: For 10750 barrels.

Part (a)(ii)

BO: Both reasons don't give a limitation of the model. The first one is really a statement about the

inability to get all oil from an oil field and the second states that going below zero isn't an issue.
The limitation is that you cannot extract a negative amount of oil from an oil field.

Part (b)(i)
M1: The candidate suggests an exponential model V = Ae
dM1: Both (0,16000) and (4,9000) are used correctly within the equation.

M1: For a correct method to get both constants.

Al: For a correct equation.

Part (ii)

B1 ft: For using their model correctly to find the daily volume after 3 years.

—kt



Figure 2

Figure 2 Figure 2 shows a sketch of a triangle ABC.

Given AB = 2i + 3j + kand BC =i— 9j + 3k, show that ~# BAC = 105.9° to one decimal place.
()

(Total for Question 7 is 5 marks)
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Mark scheme

Question  Scheme Marks AOs
7 Attempts
. . L. M1 3.1a
AC=AB+BC=2i+3j+k+i-9j+3k=3i-6j+4k
Attempts to find any one length using 3-d Pythagoras M1 2.1
Finds all of |AB|=+I4, |AC|=+61, |BC|=+01 Alft | 11b
14+61-91
c0sBAC = ——— M1 2.1
24/14+/61
angle BAC =105.9° * Al* 1.1b
()
(5 marks)

Notes:

M1: Attempts to find AC by using AC =AB+BC

M1: Attempts to find any one length by use of Pythagoras' Theorem
Alft: Finds all three lengths in the triangle. Follow through on their |AC|

_ _ |AB|* +|AC|” -|BC*
M1: Attempts to find BAC using cos BAC =
2|AB||AC|

AB.AC
|AB||AC|
Al*: This is ashow that and all aspects must be correct. Angle BAC = 105.9

Allow this to be scored for other methods such as cos BAC =
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Student Response A
7

Figure 2
Figure 2 shows a sketch of a triangle ABC.
e 7% . 4 g .
Given AB =2i+3j+ k and BC =i - 9j + 3k,

show that ZBAC = 105.9° to one decimal place.

(5)
(AR = Joer =k
N |74 R L T k)
o ACZ= Gl-l4= T7
—_AC= {77
cos@ = LA ql-T7 5G.4,°

T2 xlL¥QA|

Examiner Comments:
MO: No attempt to find AC .

1/5

M1: For attempting to find one length by use of Pythagoras' Theorem. Can be awarded on either

|ﬁ | or|ﬁf |

AOft: There is no AC so this cannot be scored. Using Pythagoras to find |ﬁ:’ | from|B—C' |and

|ﬁ | is incorrect.

MO: There is an attempt at the cosine rule, but the expression suggests that an incorrect formula has

been used. Hence the method mark is not awarded.
AO: Incorrect.
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Student Response B
7.

Figure 2
Figure 2 shows a sketch of a triangle ABC.
Given AB =2i + 3j + kand BC =i - 9j + 3k.

show that ZBAC = 105.9° to one decimal place.

va)

5

N

3/5
Examiner Comments:
M1: For attempting to find AC . The method can be implied as two of the three components are
correct.
M1: For attempting to find one length by use of Pythagoras' Theorem. Can be awarded on
|AB | [BC | or [AC |

Alft: For correctly finding all three lengths. We follow through on AC .

MO: There is an attempt at the cosine rule, but the expression suggests that an incorrect formula has
been used. Hence the method mark is not awarded.

AO: Incorrect.
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Student Response C

-
I

Figure 2

Figure 2 shows a sketch of a triangle ABC.
Given AB =2i + 3j + k and BC =i - 9j + 3k,

show that < BAC = 105.9° to one decimal place.

i _— i "?'
4 / NC = "HAC 4 — G |
— _{ﬁvll. o
S \\[ =g &) - L rol - A
i
e - el
T Fmp o) 2o = Kl 4 R

5/5

Examiner Comments:

M1: For attempting to find AC This can be seen on the diagram.

M1: For attempting to find one length by use of Pythagoras' Theorem. Can be awarded on
A8 |[2C [ o [ac

Alft: For correctly finding all three lengths.

M1: There is an attempt at the cosine rule and the expression suggests that a correct formula has
been used. Hence the method mark is awarded.

Al: Correct. We can condone the cosé =—-0.27... on the penultimate line.
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f(x) =In (2x—5) + 2x* - 30, x>2.5.

(a) Show that f(x) = 0 has a root « in the interval [3.5, 4].
)

A student takes 4 as the first approximation to «.
Given f(4) = 3.099 and f'(4) = 16.67 to 4 significant figures,
(b) apply the Newton-Raphson procedure once to obtain a second approximation for «, giving your

answer to 3 significant figures.
)

(c) Show that « is the only root of f(x) = 0.
()

(Total for Question 8 is 6 marks)
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Mark scheme

@ Pearson

‘ Question  Scheme Marks AOs
8 (a) £(3.5)=—4.8, f(4)=(+)3.1 M1 1.1b
Change of sign and function continuous in interval
Al* 2.4
[3.5, 4] = Root *
)
(b) (%) 3.099
Attempts X, =X, ———~ = X, =4———
PIS X =Xy (%) 4 16.67 M1 1.1b
x,=3.81 Al 1.1b
y = In(2x — 5) @)
(©)
~y=380-2x"
7 G ML | 3.la
Attempts to sketch bothy = In(2x—5) and y = 30 — 2%
States that y = In(2x — 5) meets y = 30 — 2 in just one place,
therefore y = In(2x — 5) = 30 — 2x has just one root =f (x) =0 has | Al 2.4
just one root
(2)
(6 marks)
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Notes:

(a)
M1:

Attempts f(x) at both x = 3.5 and x = 4 with at least one correct to 1 significant figure

Al*: f (3.5) and f(4) correct to 1 sig figure (rounded or truncated) with a correct reason and
conclusion. A reason could be change of sign, or f(3.5)xf(4) <0 or similar with f(x)
being continuous in this interval. A conclusion could be 'Hence root' or "Therefore root in
interval’

(b)

M1: Attempts x, = X, _T06) evidenced by x, = 4—@

/(%) 16.67

Al: Correct answer only x =3.81

(©)

M1: For avalid attempt at showing that there is only one root. This can be achieved by

Al:

e Sketching graphs of y = In(2x - 5) and y =30 - 2x° on the same axes
e Showing that f(x) = In(2x — 5) + 2x° — 30 has no turning points
e Sketching a graph of f(x) = In(2x — 5) + 2x*~ 30

Scored for correct conclusion
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Student Response A

8. f(x)=In(2x — 5) +2x2—-30, x> 2.5

(a) Show that f(x) = 0 has a root a in the interval [3.5, 4]

(2)
A student takes 4 as the first approximation to «.
Given f(4) = 3.099 and {"(4) = 16.67 to 4 significant figures,
(b) apply the Newton-Raphson procedure once to obtain a second approximation for a.,

giving your answer to 3 significant figures.

(2)
(¢) Show that « is the only root of f(x) = 0

(2)

(<)

2/5

Examiner Comments:
Part (a)
M1: For attempting f(3.5) and f(4) with at least one correct to 1 sf.

AO0*: This mark cannot be awarded as no reason is given for a root in the interval. The candidate
needs to add "as the function is continuous and there is a change of sign, a root must lie in the
interval."

Part (b)

) . .. 3.099
MO: Incorrect formula implied by o =4+ 1667
AO0: Follows MO
Part (c)

M1: There is an attempt to sketch y = f(x). It is labelled f(x) and it is the correct shape.

AQ: "« is the only root" merely restates the question. A reason must be offered. In this case the
candidate should have stated "as y = f(x) only cuts the x-axis once, there is only one root, hence « is
the only root"
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Student Response B

8. fix)=In(2x = 5) +2x* - 30, x> 2.5
(a) Show that f(x) = 0 has a root « in the interval [3.5, 4]
(2)
A student takes 4 as the first approximation to a.
Given f(4) = 3.099 and {'(4) = 16.67 to 4 significant figures,
(b) apply the Newton-Raphson procedure once to obtain a second approximation for e,
giving your answer to 3 significant figures.
(2)
(c) Show that « is the only root of f(x) = 0
(2)

a) ((3s) = -ud |(d,)
() = 3.4 [1d:p)

L3

r i

ﬂf‘u d s, o r& w udosd [5-5."‘:'

J I

B) U - 3o,aa _ 3 g\uaig)
16:67

3ol (3s))

r

3/5

Examiner Comments:
Part (a)
M1: For attempting f(3.5) and f(4) with at least one correct to 1 sf.

AO0*: This cannot be awarded as the reason given for a root in the interval is not quite correct. The
candidate needs to add about the function being continuous.

Part (b)

. . . 3.099
M1: Correct formula implied by o = 4_W
Al: 3.81
Part (c)

MO AO No attempt.
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Student Response C

L

A

(& _tlasi--&. [ho= «3
N ! ;

)

< r 7 .
\& CON !(\ non ’f]_-ﬁ)\: [T — ?}V'L ' A \Q)(\,&Qﬂ\

[A (5-55= RS - 23T s ame @ik :
G ey anel-% W%\l%\

rena. a5 )% 203 —o

\r\C < OA\‘:\) OA& «mt

4/5

Examiner Comments:
Part (a)
M1: For attempting f(3.5) and f(4) with at least one correct to 1 sf.
AL1*: Fully correct values with valid reason and conclusion.
Part (b)
3.099

1676 The slip on the denominator is an accuracy error.

M1: Correct formula implied by o =4-—

AQ: Incorrect answer due to slip.

Part (c)

M1: There is an attempt to sketch both y = 30 — 2x? and y = In(2x — 5). They are both correct.
Al: The reason and conclusion are acceptable for the award of this mark.
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@ Pearson

Nz

(a) Prove that tan €+ cot = 2 cosec 20, 0+ , hel.

(4)
(b) Hence explain why the equation tan 8+ cot =1 does not have any real solutions.
(1)

(Total for Question 9 is 5 marks)
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Mark scheme

‘ Question  Scheme ‘ Marks AOs
%) tan 6 +cotg = N9, €080 ML 21
coséd sind
H 2
_sin“f+cos” 0 Al 1.1b
singcosé
_ 1
1sin 20 M1 21
2
=2cosec20 * Al* 1.1b
(4)
(b) States tan@+cotd=1=sin260=2 a1 24
AND no real solutions as —1<sin260 <1 '
(1)
(5 marks)
Notes:
(@)
M1:  Writes tang—S"% and cotg = <59
cosé sin@
A2 2
Al: Achieves a correct intermediate answer of M—COSQ
singcosé
M1: Uses the double angle formula sin 26 = 2sin 8cos 8
Al*: Completes proof with no errors. This is a given answer.
Note: There are many alternative methods. For example
2 2
tand+cotd=tan 0+ L Etan 49+1Esec 6’5 1 — = ! - then as the
tangd  tané anéd o2 gy sind  cos@xsing
cosé
main scheme.
(b)
B1l:  Scored for sight of sin26 =2 and a reason as to why this equation has no real solutions.

Possible reasons could be —1<sin28<1........ and therefore sin20 # 2
or sin28 =2 = 20 =arcsin 2which has no answers as —1<sin20 <1
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Student Response A
@) tanO+ 0l 8= tanB + G
= tanG +/
wsec 6
= 2uwasec bl
é;) Rusec 20 =1 = wosec 26)= "2
=5 sin 2@ = 2
No ansyers max %9 90-7

A
s W . v

|

1/5

Examiner Comments:

Part (a)

MO: This mark is not awarded. The first method mark is awarded when the candidate gets an
expression in just sin@ and cosé.

AOMOADO: No further marks are possible.

Part (b)

B1: The candidate makes a correct deduction that sin26 =2 A correct explanation is offered and a
conclusion is written down.
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L) LH#S= TANG + COTO

= TRVG t+ TANe
= TAN’G +|
TANEG
= SECZQ / |
= TS R 17 - A BTt —
7AN & <os2’9x/cw__§ SINS(OSE-

%
2
RHS = AOSEC2O = Cape = Z5INeasS6-

b)  TANG+OTO = |

TANG

TAN’O +1 = TANG
TAN20-TAN@ + = O
b*-4ac=-3

3/5
Examiner Comments:
Part (a)
MZ1: This is awarded for using suitable identities to get an expression in just sin@ and cosé.
Al: For achieving a correct intermediate expression.
M1: The candidate then tackles the proof from the rhs and arrives at the same expression.
AO0*: Cannot be awarded as the candidate fails to link up the two expressions and give a conclusion.
Part (b)

BO: "Hence" suggests that the candidate should use part (a). They do not and so BO is awarded. If

they had gone on to say that (as b? — 4ac < 0) tan @ has no roots and hence there are no values for 8
it would be harsh to withhold the mark.
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Student Response C

S:nb CosbB i
Q) iond + Cok® = = -5 * =~
+ L= g ey T

_ Sin'D+Cos@
CospSn0O
rl .
—— e
o I < I e = = Y
o —r T L P

T 2CoSeclB

bl TF ToaB +Cot® =1

Lhen )Cos~c2bd =¥,

Coscc lB =

"

\
M-

Sin20=)

.fr

Not possible
= ————————

4/5

Examiner Comments:

Part (a)

MZ1: This is awarded for using suitable identities to get an expression in just sin@ and cosé.

Al: For achieving a correct intermediate expression

MZ1: For using the double angle formula sin 26 =2sin cos &

Al*: The candidate completes the proof with no errors or omissions.

Part (b)

BO: Although the candidate reachessin26 =2, "Not possible" is not a sufficient reason to award
this mark. The question "Why is it not possible?" must be addressed.
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10. Given that 8 is measured in radians, prove, from first principles, that the derivative of sin @is cos 6

sinh cosh-1

You may assume the formula for sin (A + B) and that, as h — 0, . — land — 0.

(5)
(Total for Question 10 is 5 marks)




10 Use of sin(0+h)—sing B1 91
(6+h)-6
Uses the compound angle identity for sin(A+B) with A=6, B=h M1 11b
=sin(@+h)=sin@cosh+cos@sinh '
Achieves sin(6 + h)—sm025|n¢9cosh+cos¢95|n h—sin@ Al 11b
h h
:ﬁcose{co“c'h_l)sinﬁ M1 2.1
h h
Uses h —0, %—nand cosh-1_ 4
Hence the limit, _,, SINO+h)=sinG _ s pand the gradient of the | A1* 2.5
(@+h)-6
chord — gradient of the curve = g—é =cosf *
(5 marks)
Notes:
Bl:  States or implies that the gradient of the chord is Sin(‘9”;)_Sin€or similar such as
SIN(0+06)=SIN0 ¢ 2 small h or 50
0+060—-6
M1: Uses the compound angle identity for sin(A + B) with A=6, B=h or ¢
Al:  Obtains S|n¢9cosh+cohs¢95|nh—sm¢90r equivalent
M1:  Writes their expression in terms of %and COS:_l
Al*: dy

Uses correct language to explain that v cosé

sinh

For this method they should use all of the given statements h—0, T—>1,

cosh-1 sin(0+h)—sin0_c

— 0 meaning that the limit,_, 0s6
: "~ (G+h)-0

and therefore the gradient of the chord — gradient of the curve — % -

cosd
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Question  Scheme Marks AOs

10alt sin(@+h)—sinéd
Use of
@+h)—0 Bl 2.1
i . sin :9+D+D —sin 6’+D—D
sin(@+h)—sin@ 2 2 2 2
Sets =
(O+h)-0 h M1 1.1b
and uses the compound angle identity for sin(A + B) and
sin(A—B)with A—g+" g=l
2 2
Achieves
sin(@+h)—sing _
h Al 1.1b
[sin(9+2)005[2)+cos(9+2)5in(2ﬂ—[sin[9+2)cos(2j—cos(9+gjsin(gﬂ
h
)
sin| — h
:—Zxcos[0+—j M1 2.1
h 2
2
)
sin > h
Uses h_>o,2_>ohence h —land Cos(0+§)—>cosé’
) i ) Al* 2.5
Therefore the limit, _,, sin6+) —sin ¢ =cos@dand the gradient of
(6+h)-6
the chord — gradient of the curve — (% =cos® *

(5 marks)

Additional notes:

Al*: Uses correct language to explain that %:cose. For this method they should use the

sin| —
: h (2) : h
(adapted) given statement h — 0, > —> 0 hence h — lwith cos 6’+§ —C0sd

2

5|n(9+h)—sm6’:c056, and therefore the gradient of the

@+h) -6

chord — gradient of the curve = 3_)6/? =cosé¢

meaning that the limit, ,,
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10. Given that # is measured in radians, prove, from first principles. that the derivative

of sinf is cos#

You may assume the formula for sin(4 + B) and that as # —0, %—h- — 1 and -

—= 0

(3)

AY = sy (xAn) — SWX

AY o

\

= SWX & h (X —qNyY

L

= 'V\(c:«::i.

I

|

Co S '}_\,(\__

Examiner Comments:

B1: A correct form for the gradient (of the chord).
MO: Incorrect attempt at a compound angle identity.
AQ: Follows MO

MO: No attempt to write their expression in an appropriate form.

AOQ*: Incorrect proof.

1/5
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Student Response B

10. Given that # is measured in radians. prove, from first principles, that the derivative
of sin# is cos

You may assume the formula for sin(4 + B) and that as & —>0, # -1 and eosh=1 0
(5
(xc = gin(6-+$6)
>Eé
= Sif\&’m GE + cos G sun Q@' wmé?
C .0
o
- W@M o w:rew — wwé"
SCF e

/

o= M /r//[n'é)"é"';')é

/

= coxl QD

3/5

Examiner Comments:
B1: A correct form for the gradient (of the chord).

M1: Correct attempt at a compound angle identity for sin («9+§0) :

Al: For a correct expression.

MO: No attempt to write their expression in terms of Slgge and cosgg—l

AO0*: Incorrect proof.
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Student Response C

| him e S e

SPA (o ) — SiAX

e

AVEE

-"-:_;& Jinz gggﬂ -+ mglm_h ~ X

h'm '

pp——

!AV

= _ay ( osh ——I) + CoYy Si4

= Sl XM + co3x X
1 e N
R

= O -+ (0%

lyan

e

4/5
Examiner Comments:
B1: A correct form for the gradient (of the chord).
M1: Correct attempt at a compound angle identity for Sin (x+ h) :

Al: For a correct expression.

M1: For writing their expression in terms of Slrr:h and COS:_l

AO*: Incorrect variable used, x instead of @, and it lacks a conclusion.
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@ Pearson

An archer shoots an arrow. The height, H metres, of the arrow above the ground is modelled by the
formula

H=1.8+0.4d-0.002d%, d>0,
where d is the horizontal distance of the arrow from the archer, measured in metres.
Given that the arrow travels in a vertical plane until it hits the ground,

(a) find the horizontal distance travelled by the arrow, as given by this model.
©)
(b) With reference to the model, interpret the significance of the constant 1.8 in the formula.
(1)
(c) Write 1.8 + 0.4d — 0.002d 2 in the form A — B(d — C)> where A, B and C are constants to be
found.
©)

It is decided that the model should be adapted for a different archer. The adapted formula for this
archer is

H=2.1+0.4d-0.002d?, d=>0.
Hence, or otherwise, find, for the adapted model,
(d) (i) the maximum height of the arrow above the ground.

(i) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
)
(Total for Question 11 is 9 marks)
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Mark scheme

‘ Question ‘ Scheme ‘ Marks AOs
11(a) Sets H=0=1.8+0.4d —0.002d?> =0 M1 34
Solves using an appropriate method, for example
. —0.4+,/(0.4)" —4(-0.002)(1.8) dM1 | 1.1b
- 2x—0.002
Distance = awrt 204(m)only Al 2.2a
®3)
(b) States the initial height of the arrow above the ground. B1 3.4
1)
(©) 1.8+0.4d —0.002d* =-0.002(d* —200d ) +1.8 M1 1.1b
=-0.002((d ~100)* ~10000)+1.8 M1 1.1b
=21.8-0.002(d —100)* Al 1.1b
®3)
(d) (i) 22.1 metres B1ft 3.4
(i) 100 metres B1ft 3.4
)
(9 marks)
Notes:
(a)
M1: Sets H=0=1.8+0.4d —0.002d* =0
M1: Solves using formula, which if stated must be correct, by completing square (look for
(d —100)2 =10900 = d =..) or even allow answers coming from a graphical calculator
Al:  Awrt 204 m only
(b)
B1l:  States it is the initial height of the arrow above the ground. Do not allow " it is the height
of the archer"
(©)
M1: Score for taking out a common factor of —0.002 from at least the d® and d terms
M1:  For completing the square for their (d®—200d ) term
Al:  =21.8-0.002(d —100)°or exact equivalent
(d)
B1ft: For their '21.8+0.3' = 22.1m
B1ft: For their 100m
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Student Response A
) O=18+0 Ld -0002J%
6002d% _ 0. 4d =18
x \co0 20% — a0 =\ 0O
~ 24(d-200) = @O

P

&) d=0 H-1%

g

) 1I'S+0-udk —0-0024¢

—

X(000 1600 + ucoe] 2%
20k - LOAA -"“%QQ
=9 Al _ 2 00d - qo Q)

(d-100\* — 10200

@ &) -10a00 (i) 00

2/9

Examiner Comments:

Part (a)

M1: For setting H =0

dMO: Incorrect method of solving a quadratic.

AO0: Incorrect answer.

Part (b)

BO: This answer does not reference the model. It should describe in words what 1.8 represents in
the formula.

Part (c)

MO: The candidate does not take out a common factor of —0.002

M1: The candidate does complete the square for their d> — 200d

AO0: Incorrect answers.

Part (d)(i)

BO: Incorrect. Even if this candidate had added 0.3 onto their — 10900 it could not have been the
maximum height of the arrow.

Part (d)(ii)

BO: Correct value but this question asks for a distance and units are required.
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Student Response B

@ 0O A3+0 44 -0003L
d=z 2044 m

) 16 & te height o the arho-

@ 1%+04d —o-001)"
= =00 (4% 10l - 300)
= =002 ((d-~10\*- {400)
= O) = pu02 (- L0

A 1 -0-00L(d- {O
(2.3 m
(A 40 u

6/9

Examiner Comments:

Part (a)

M1: For setting H=0

dM1: Correct method of solving a quadratic implied by awrt 204

Al: Correct answer awrt 204 m.

Part (b)

BO: Incorrect response. The equation models the height of the arrow above the ground.
Part ()

MO: The candidate attempts taking out a common factor of —0.002 but it is incorrect for the term in
d.

M1: The candidate does complete the square for d? — 20d which is their d> — 200d

AO: Incorrect answer.

Part (d)(i)

B1ft: Correct follow through.

Part (d)(ii)

B1ft: Correct follow through.
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Student Response C

, (2)
W18 5 Oried - Q003 AL

0

(Ia} - O é}'\i - X \\,\1 leac A= ~-O0cL
=5 e Wi ai=gy
. Em 8

1\

2 saw-4m  [\dp)

O R NP R P S R S N
AN el q?m\—.

T .
) ~06m A N0 LA R\ (o) D1 &y
= ~ ©-007 (O\Qr ?000\\ g \‘% il /L\ | 5
- ~o-ou2( (d-fg) -lamoe\ + (R Wi (0
£ LR ~a-50 2 (I-laDE
8/9

Examiner Comments:

Part (a)

M1: For setting H =0

dM1: Correct method of solving a quadratic implied by awrt 204
Al: Correct answer awrt 204 m.

Part (b)

B1: Correct response.

Part (c)

M1: The candidate correctly attempts taking out a common factor of —0.002
M1: The candidate does complete the square for d®> — 200d

Al: Correct answer.

Part (d)(i)

BO: Incorrect.

Part (d)(ii)

B1: Correct.

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
151



12.

@ Pearson

In a controlled experiment, the number of microbes, N, present in a culture T days after the start of
the experiment, were counted.

N and T are expected to satisfy a relationship of the form N = aT®, where a and b are constants.

(@) Show that this relationship can be expressed in the form logio N = m logwo T + ¢, giving m and ¢
in terms of the constants a and/or b.

(2)

log, N

5.0 -
4.5
4.0
3.5

3.0+

Figure 3

Figure 3 shows the line of best fit for values of logio N plotted against values of logio T.

(b) Use the information provided to estimate the number of microbes present in the culture 3 days
after the start of the experiment.

(4)

(c) Explain why the information provided could not reliably be used to estimate the day when the
number of microbes in the culture first exceeds 1 000 000.

)
(d) With reference to the model, interpret the value of the constant a.
1)

(Total for Question 12 is 9 marks)
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‘ Question  Scheme Marks AOs
12 (a) N =aT® = log,, N =log,, a+log,, T" M1 2.1
= log,, N =log,, a+blog,, T so m=bandc=1log,,a Al 1.1b
)
(b) Uses the graph to find eitheraorb a=10"tor b=gradient | M1 3.1b
Uses the graph to find bothaandb a=10"*"and b =gradient § M1 1.1b
Uses T =3in N =aTP"with theiraand b M1 3.1b
Number of microbes ~ 800 Al 1.1b
(4)
©) N =1000000 = log,, N =6 M1 3.4
We cannot ‘extrapolate’ the graph and assume that the model still
Al 3.5b
holds
)
(d) States that 'a’ is the number of microbes 1 day after the start of the B1 392
experiment '
1)
(9 marks)
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Question 12 continued

Notes:

()

M1: Takes logs of both sides and shows the addition law
M1: Uses the power law, writes log,, N =log,, a+blog,, T and states m=band c =log,, a

(b)

M1: Uses the graph to find either aorb a=10"""or b = gradient. This would be implied by
the sight of b=2.30r a=10"% ~63

M1:  Uses the graph to find both aand b a=10""" and b = gradient. This would be implied
by the sight of b=2.3and a=10"% ~63

M1: Uses T =3= N =aTPwith theiraand b. This is implied by an attempt at 63x3%°

Al:  Accept a number of microbes that are approximately 800. Allow 800150 following
correct work.

There is an alternative to this using a graphical approach.
M1: Finds the value of log, T from T =3. Acceptas T =3=log,, T ~0.48

M1:  Then using the line of best fit finds the value of log,, N from their "0.48"
Accept log;, N = 2.9
M1:  Finds the value of N from their value of log,, N log,, N ~2.9= N =10?°

Al:  Accept a number of microbes that are approximately 800. Allow 800£150 following
correct work

(©)
M1  For using N = 1000000 and stating that log,, N =6
Al:  Statement to the effect that "we only have information for values of log N between 1.8 and

4.5 so we cannot be certain that the relationship still holds". "We cannot extrapolate with
any certainty, we could only interpolate"

There is an alternative approach that uses the formula.
1000000
63
2.3
Al: The reason would be similar to the main scheme as we only have log,, T values from 0 to
1.2. We cannot ‘extrapolate’ the graph and assume that the model still holds

jzl.83.

I 10(
M1: Use N =1000000 in their N =63xT** = log,, T =

(d)

B1:  Allow a numerical explanation T =1=> N =al’ = N =a giving a is the value of N at T =1
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Student Response A
Q) . A/- a/ .
%N / (H J;
b) ¢ é),eza/mpz % o ue
/(4)[0?7/1/: 2»3[@74 Z-&
7=3 //%/t/f ﬁ»S/gg B+L.F =289
N=10%%7= 790

e) It camct be awved becaue 1€ isn'F
acurate

d) T stautng umber 3 nuiribes

“b

3/9

Examiner Comments:

Part (a)

M1: For taking logs of both sides and using the addition law.

AO0: The candidate needs to use logio as well as stating m = b and ¢ = logio a
Part (b)

MZ1: For using the graph to find b=2.3

MO: The error in the value of a means that this mark is not awarded a = 1018 = 63 not 1.8
MZ1: For using their equation with T = 3 to find N.

AO0: Although the answer is in a suitable range, the working is incorrect.
Part (c)

MO: Unsuitable answer. This mark requires some calculation.

AQ: Follows MO

Part (d)

BO: Incorrect answer.
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Examiner Comments:

Part (a)

M1: For taking logs of both sides and using the addition law.
AO0: The candidate needs to state that m = b and ¢ = logio a
Part (b)

MZ1: For finding the value of logio T from T =3

MZ1: For using the line of best fit to find logio N~ 2.9

MZ1: For finding N from logio N~ 2.9

Al: 794 is a suitable answer and it follows correct work.
Part (c)

M1: logio N values only go up to 5 followed by N = 100 000 implies the correct method.

AOQ: There needs to be a statement that suggests that you cannot assume that the model holds for
values greater than shown on the graph.

Part (d)
BO: Incorrect answer. This requires the value to be interpreted, not calculated.



(&) N=al®
ky@N:kqoa+bk7@7

y = _c  *mx

m=8 _ c=log,,a

() ARkl grad=2.5
ﬁ . Irﬂé’ﬂé’pf =}
log,o N=2.Slog,, T +14 2

logio N =2.5 /o(/,o 3+1.9
!C{/ o N=_3.09

N= 1238
€)  N=)000000 l0g,o N=6
The L]{C] h on/cf ‘qoes up' +o 4.6 and
NEe (o n)"‘)o} be 'certain 1% 1s (i neqs C’f{’f’ef
ha+_point
Nhen  J= N=ax|®=¢

So a IS e number o/ mictobes <?// fer

| (‘/C/(/Lg
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Examiner Comments:

Part (a)

M1: For taking logs of both sides and using the addition law.

Al: For correct work and stating that m = b and ¢ = logio a

Part (b)

M1: This work is equivalent to using the graph to find the gradient or intercept to find an equation
linking N with t. Intercept = 1.9 suggests a correct method with poor accuracy.

MO: We cannot guess how the gradient has been calculated. As it is incorrect MO must be awarded.
If a correct method was shown on how to find the gradient, this too could have been awarded.

M1: For using T = 3 in their logio N = 2.5 logio T + 1.9 in an attempt to find N.
AO: Answer incorrect.

Part (c)

M1: N =100 000 — logio N = 6 implies the correct method.

Al: Acceptable statement.

Part (d)

B1: Acceptable answer.



13. The curve C has parametric equations

x=2cost, y=v3cos2t, 0<t<wm

(a) Find an expression for g—y in terms of t.
X
(2)
The point P lies on C where t = 2?” :
The line | is the normal to C at P.
(b) Show that an equation for I is  2x — (2N3)y — 1 =0.
()
The line | intersects the curve C again at the point Q.
(c) Find the exact coordinates of Q.
You must show clearly how you obtained your answers.
(6)

(Total for Question 13 is 13 marks)




A level Mathematics — Paper 1 (Pure Mathematics)

Mark scheme

@ Pearson

‘ Question  Scheme Marks AOs
13(a) dy
o Y
Attempts o dx M1 1.1b
< S
dy_NBSIn2t ) ;3oast) AL | Lib
dx sint
)
b _ _ .
(b) Substitutes t=2—”|n d—yzmz(—ﬁ) M1 2.1
3 dx sint
Uses gradient of normal = 1 (ij
Y = dy 3 M1 2.1
dx
Coordinates of P = (—1, —?j Bl 1.1b
31
Correct form of normal y+—=—(x+1 M1 2.1
Completes proof = 2x—-23y-1=0 * Al* 1.1b
(5)
(©) Substitutes x = 2costand y = \/§ cos2t into 2x—2/3y-1=0 M1 3.1a
Uses the identity cos2t =2cos”t—1 to produce a quadratic in cost | M1 3.1a
=12cos’t—4cost—-5=0 Al 1.1b
Finds cost = g% M1 2.4
. . 5.
Substitutes their cost = 5 into x =2cost, y= J3cos2t, M1 1.1b
57
= —,—/3 Al 1.1b
(35
(6)
(13 marks)
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Question 13 continued

Notes:
(@)
d/ 2
M1: Attempts dt and achieves a form k sin ; Alternatively candidates may apply the
dx sin
double angle identity for cos2t and achieve a form k%c(t)st
sin
Al: Scored for a correct answer, either ‘ES—'ZZt or 2+/3cost
sin
(b)
_ o 2 . dy . :
M1:  For substituting tz? in their i which must be in terms of t
X

M1: Uses the gradient of the normal is the negative reciprocal of the value of g_y This may be
X

seen in the equation of I.

B1l:  States or uses (in their tangent or normal) that P = [—1, —?j

M1: Uses their numerical value of _]/gywith their (—1,—?) to form an equation of the
X

normal at P
Al*: This is a proof and all aspects need to be correct. Correct answer only 2x—2/3y-1=0

(©)

M1: For substituting x = 2cos tand y = J3cos2t into 2x—2+/3y—1=0 to produce an equation
in t. Alternatively candidates could use cos2t =2cos®t—1 to set up an equation of the form
y=Ax"+B.

M1: Uses the identity cos2t =2cos®t—1 to produce a quadratic equation in cost

In the alternative method it is for combining their y = Ax*+ B with 2x—2/3y—1=0to get
an equation in just one variable

Al:  For the correct quadratic equation 12cos®t—4cost—5=0
Alternatively the equations in x and y are 3x* —2x—5=0 123y?+4y—7/3=0
M1: Solves the quadratic equation in COSt (or x or y) and rejects the value corresponding to P.

M1: Substitutes their cost =§ or their t= arccos(gj inx=2costand vy =3 cos 2t
If a value of x or y has been found it is for finding the other coordinate.

Al: Q:(g,éﬁj.Allow x=§,y=%\/§ but do not allow decimal equivalents.
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Student Response A
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3

uﬁﬁ ..f'lb
== = & a(
o~ = %(z
Y
Ull "(:E-h_-— '?){\5
(J
t& - 1(‘1\% '2-,(“"-5

ECTE —on—=3

Examiner Comments:
Part (a)

d sin 2t
M1: For a correct attempt and achieving dy k Sint

AL For Y _ 3sin2t
dx ~ sint

Part (b)
M1: Correct method implied by :—i =-B

MO: The candidate does not use the gradient of the normal.

B1: For P = (-1,-?}

MO: Incorrect form of the normal as incorrect gradient is used.

AO0*: Follows MO
Part (c)
No more work.
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Student Response B

@ A - \F w2t - NB g dE
s S W S - A s
- Pt v e 2 ot — @,.\ 2 o
&)tz 2% = = (-1, Ay -3
= o ok

(_C//' A x Qeost- QA 3“/?(,03.2 &1 =
G el - beest 14 =0
6 (1- Co;’é\fl%m{; i"‘
6 cov’t 4/(6’3(' =0 :

0356 - 4t 6120 . 0«633/;)?{\

._/.—-7
k= 0-%94
A= V2 eos (2x0877\ = < 0-F A
7/13

Examiner Comments:
Part (a)

dy | sin2t
M1: For a correct attempt and achieving M =k Sint
a0 I J3sin2t

ax " sint

Part (b)
M1: Correct method implied by g—i = —g

M1: Correct method implied with embedded gradient of the normal % within equation.

Bl: For P =[—1,—§J

M1: Correct form for the equation of the normal

AO0*: Follows error in g—i
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Part (c)

M1: Scored for combining both equations to form an equation in t.
MO: Incorrect identity used cos 2t = 1 — 2sin? t

AQO: Incorrect equation following the use of the incorrect identity.

M1: For a correct attempt at finding cos t and rejecting the other value.
MO: No attempt to find the x coordinate.

AO: Incorrect.
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Student Response C
(6)

OB i 2N C\é sy ol
S =3 <<k
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— pon
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11/13

Examiner Comments:
Part (a)
MZ1: For a correct attempt and achieving dy =k S'.” 2t

dx sint

Cdy

AL o = 2.3 cost
Part (b)

2z

3
M1: Correct method implied with embedded gradient of the normal

B1: For P = [—1,—£J

M1: For substituting t = == into % = 2/3cost

1
NG

within equation.

2

MZ1: Correct attempt at the equation of the normal.
AO0*: This mark is withheld as the normal is not in the form given in the question.

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
164



Part (c)

M1: Scored for combining both equations to form an equation in t.

M1: Correct identity used to form a quadratic equation in cos t
Al: Correct equation 12cos?t —4cost—5=10

M1: Implied by cost :%
M1: For attempting to find the coordinates of Q by using t
AQO: Incorrect. An exact form is required here.



14.

=Y

Figure 4

Figure 4 shows a sketch of part of the curve C with equation

_ X2

nx
x>0

—2X+5,

The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with equation x =
1, the x-axis and the line with equation x = 3.

The table below shows corresponding values of x and y, with the values of y given to 4 decimal
places as appropriate.

X 1 1.5 2 2.5 3

2.3041 1.9242 1.9089 2.2958

y 3

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for the area of
S, giving your answer to 3 decimal places.
(©)

(b) Explain how the trapezium rule could be used to obtain a more accurate estimate for the area of
S.

(1)
(c) Show that the exact area of S can be written in the form % + In ¢, where a, b and c are integers

to be found.

(In part (c), solutions based entirely on graphical or numerical methods are not acceptable.)
(6)
(Total for Question 14 is 10 marks)
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Mark scheme

Question  Scheme Marks AOs
14(a) Uses or impliesh = 0.5 B1 1.1b
For correct form of the trapezium rule = M1 1.1b
%{3+ 2.2958+2(2.3041+1.9242 +1.9089)} =4.393 Al 1.1b
©)
(b) Any valid statement reason, for example
¢ Increase the number of strips B1 24
o Decrease the width of the strips '
e Use more trapezia
1)
(©) ) . 2
For integration by parts on | X° Inx dx M1 2.1
3 2
:X—In X— X—dx Al 1.1b
3 3
j—2x+5dx:—x2 +5x  (+¢) B1 1.1b

All integration attempted and limits used
3

2 3 3 x=3
AreaofS:J‘X InX—2x+5dx= Xonx— 2 —x? 45x M1 21
9 27 B
1 =
Uses correct In laws, simplifies and writes in required form M1 2.1
Areaof S = %Hn 27 (a=28,b=27,c=27) Al 1.1b
(6)
(10 marks)
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Question 14 continued

Notes:

()

B1l:  States or uses the strip width h = 0.5. This can be implied by the sight of E{} in the
2

trapezium rule
M1: For the correct form of the bracket in the trapezium rule. Must be y values rather than x
values {first y value + last y value + 2x(sum of other y values)}

Al: 4.393
(b)

B1l: See scheme
(©

M1: Uses integration by parts the right way around.

Look for sz Inx dx = A In x—JABx2 dx

3 2
Al: X—Inx— X—dx
3 3

B1: Integrates the —2x+5 term correctly = —x* +5x
M1: All integration completed and limits used

M1: Simplifies using In law(s) to a form %+ Inc

Al: Correct answer only §+ In27
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Student Response A

(@& 3-1 (3122958 + 2x @30l 19262+ 11209 )
5

= " 1:02%

CO\ Wse  wioe  decwal ?ia@C

L,
@,\\, AKQO\ = (

= X3 lnXx 3(?'4 5);/
q -,
= JGhlnb — (220N =71 0l_145
= G4 ln k&
a

2/10

Examiner Comments:

Part (a)

BO: Incorrect strip width used.

M1: Correct form of the bracket in the trapezium rule.
AO0: Answer incorrect.

Part (b)

BO: Invalid statement.

Part (c)

MO: No attempt to integrate by parts.

AQ: Follows MO

B1: For I—2x+5 dx — —x? +5x

MO: Although the limits are used, this mark requires a correct attempt at integrating the first term.
MO: No attempt to use the log law aln b = In b?
AQ: Incorrect.
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Student Response B
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Examiner Comments:

Part (a)

B1: Correct strip width used.

M1: Correct form of the bracket in the trapezium rule.

Al: Correct answer.

Part (b)

B1: Valid statement. This is equivalent to using more strips.
Part (c)

M1: Correct attempt to integrate by parts.

Al: Correct answer.

BO: For not attempting j—Zx +5dx - —x? +5x

MO: Although the limits are used, this mark requires a correct attempt at integrating both terms.
MO: No attempt to use the log law aln b = In b?
AO: Incorrect.



A level Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response C

2 Al

b,,_f : e P =
-1 L7 I-—l\-r 5 I_Qa-.i\ [ \l L 1;_

D__i{ 247 2458 42 (2 3earn i a2% & h.ﬁﬂ?’ﬂ}
7 ;

= o .u-..-r\\-\\
3 ’»’

= 4,39
h) Mo (e ‘shllf-s. tambeh Y Ume o) :Fm

{;J‘p give rore o velsiep {0 “se ) . )

23
|=laxe - 25 +4 Ax
L}"’*j—i N
I I\_ = U’-":'Im‘.t. v=_ X
b o T
) S AR T B
(A = :
L ~ - 2% t3x Jl’
S L P T L - &
[ = 27 ~x 5% |
-J'_ '\ o _-J J ~
A3y ~-2-15]-/- "~ 1 &)
A 7 1/
= 3 24 4 162
7
= 2l = S{™
~7

9/10

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
172



Examiner Comments:

Part (a)

B1: Correct strip width used.

M1: Correct form of the bracket in the trapezium rule.
Al: Correct answer.

Part (b)

B1: Awarded for a valid statement.

Part (c)

M1: Correct attempt to integrate by parts.

Al: Correct answer.

B1: For J—2x+5 dx — —x% +5x

M1: All integration has been attempted and both limits have been used.
M1: Awarded for using the log law aln b = In b® and writing in the required form.
AQO: Incorrect due to error on the sign of 5x



15.

v oA

.ID

'-"!1"

0 e
Q

Figure 5
Figure 5 shows a sketch of the curve with equation y = f(x), where

4sin 2x

)= "5

0<x<rm

The curve has a maximum turning point at P and a minimum turning point at Q, as shown in Figure
5.

(a) Show that the x-coordinates of point P and point Q are solutions of the equation tan 2x = V2.
(4)

(b) Using your answer to part (a), find the x-coordinate of the minimum turning point on the curve
with equation

(i) y =f(2x),

(i) y = 3 — 2f(x).
4)

(Total for Question 15 is 8 marks)




15(a) Attempts to differentiate using the quotient rule or otherwise M1 2.1
, e¥> % 8cos2x — 4sin 2x x /26 >
f'(x) = Y Al 1.1b
(e)
Sets f’(x) =0and divides/ factorises out the e¥>-*terms M1 2.1
. Sin2x 8
Proceeds via =—— 0o =>tan2x=2* Al* 1.1b
cos2x 42 V2
(4)
(b) (i) Solves tan4x =+/2 and attempts to find the 2" solution M1 3.1a
x=1.02 Al 1.1b
(ii) Solves tan2x =+/2 and attempts to find the 1% solution M1 3.1a
x=0.478 Al 1.1b
(4)
(8 marks)
Notes:
(a)
M1: Attempts to differentiate by using the quotient rule with u=4sin2x and v=e® or

Al:

M1:
Al*:
(b) (i)
M1:

Al:
(b)(ii)
M1:

Al:

alternatively uses the product rule with u=4sin2x andv = e
For achieving a correct f'(x). For the product rule
f'(x) = x8c0s 2X + 4sin 2X x — /26

This is scored for cancelling/ factorising out the exponential term. Look for an equation in
just cos2x and sin2x

Proceeds to tan2x =/2. This is a given answer.

Solves tan4x =<2 attempts to find the 2 solution. Look for x = ~2rctan 2

Alternatively finds the 2" solution of tan 2x = /2 and attempts to divide by 2
Allow awrt x =1.02. The correct answer, with no incorrect working scores both marks

Solves tan2x = /2 attempts to find the 1% solution. Look for x = X221 V2 V2

Allow awrt x =0.478. The correct answer, with no incorrect working scores both marks




A level Mathematics — Paper 1 (Pure Mathematics) @ Pearson

Student Response A

2

(C‘\ M= leam 24X
&) Tt =)

<

dﬁ\ = B s Do

2> T o

TURNING POIA %f.—Q = fon=J2

Q?B C\B tan i s \/:7: :_:> ;(_:er_(—78
((7*1\ = X%_ =1 239

@ 3— 2L &) X = —0-956
0/8
Examiner Comments:
Part (a)
MO: The candidate does not use a suitable rule to differentiate f(x).
AQ: Follows MO

MO: Does not find an equation in cos 2x and sin 2x from f *(x) =0
AO: Incorrect.

Part (b)(i)

MO: Does not attempt to find the second solution.

AO0: Follows.

Part (b)(ii)

MO: Does not attempt to find the first solution.

AQ: Follows.
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Student Response B
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Examiner Comments:

Part (a)

M1: The candidate uses the product rule to differentiate f(x).
Al: Correct answer.

M1: Sets f "(x) = 0, cancels out the /> term and finds an equation in just cos 2x and sin 2x
Al: Proceeds correctly to the given answer.

Part (b)(i)

MO: Attempts the second solution of tan 2x = ~/2 but multiplies by 2

AO: Follows.

Part (b)(ii)

MOAQO: Incorrect answer.
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Student Response C
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r
[y

T'Ctn}an = ri
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Examiner Comments:

Part (a)

M1: The candidate uses the quotient rule to differentiate f(x).
Al: Correct answer.

M1: Sets f "(x) = 0, cancels out the e/ term and finds an equation in just cos 2x and sin 2x

Al: Proceeds correctly to the given answer.

Part (b)(i)

M1: For attempting the second solution of tan 4x = J2

Al: For 1.02

Part (b)(ii)

M1: For attempting to find the first solution of tan 2x = J2 (This can be implied by the 0.478
which is subsequently crossed out).

AQO: Incorrect answer given. If both answers were given it would still be AO.



A level Mathematics — Paper 2 (Pure Mathematics)

A level Mathematics — Paper 2 (Pure)

Exemplar question 1

f(x) = 2x3 - 5x? + ax + a.

Given that (x + 2) is a factor of f (x), find the value of the constant a.

(Total for Question 1 is 3 marks)

Mark scheme
Question Scheme Marks AOs
1 Sets f(-2)=0=2x(-2)’-5x(-2)"+ax—2+a=0 M1 | 3.la
Solves linear equation 2a—a=-36—=a= dM1l | 1.1b
—a=-36 Al 1.1b
(3 marks)
Notes:
M1: Selects a suitable method given that (x + 2) is a factor of f(x)
Accept either setting f(—2) =0 or attempted division of f(x) by (x + 2)
dM1: Solves linear equation in a. Minimum requirement is that there are two terms in 'a" which
must be collected to get .a=..=—>a=
Al: a=-36

180
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Student Response A
1.

f(x)=2x*—5x*+ax+a

Given that (x + 2) is a factor of f(x). find the value of the constant a.

(3)

In— Ox £

X2 ] 243 53 + ac ¢ o
253 4 4xE
Aot Ak o
Pt~ (Y%
) oot LY
3(; + (Ya
AX—=3C & = _—

il =6 wa=—O

= By Q'S(;

(€N

1/3

Examiner Comments:
M1: For attempting to divide f(x) by (x+2) and sets the remainder = 0. To score this mark the

first two terms, 2x> —9x needed to be correct and the remainder had to be set equal to zero.

dMO: This could not be awarded for two reasons. Firstly there could not be a term in x and
secondly, the candidate does not reach a =k

AQ: Follows dMO
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Student Response B
1.

fixy=2x*-5x*+ax+a

Given that (x + 2) is a factor of f(x), find the value of the constant a.

=9
al= =7

€)= 28 ~5(8) -2 -t a

Q= ~16—-170 -34
Fa= ~3b

3

=y e I

2/3

Examiner Comments:

M1: For attempting f (- 2) and settting =0

dM1: The candidate solves linear equation (with two termsina) = a=..
AO: Incorrect answer.
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Student Response C

1.

f(x)=2x*—5x*+ax+a

Given that (x + 2) is a factor of f(x), find the value of the constant a.

&)

F{-2y=-o©

9 (=2) -5¢-2)"+a(-2) +va =0

-3&-]1la +ya =Q

Gz e

3/3

Examiner Comments:
M1: For attempting f (- 2) and settting =0
dM1: The candidate solves linear equation (with two termsina) = a=..

Al: Correct
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2.

Some A level students were given the following question.

Solve, for —90° < 6 < 90°, the equation cos & =2 sin 6.

The attempts of two of the students are shown below.

Student A
cos @ =2sin @

tan @ =2

0=163.4°

Student B
cos @ =2sin 4
cos? @ =4sin? @
1-sin? @ =4sin? @

sin? 9=

= O

sin 0=+

45
0=+26.6°

(@) Identify an error made by student A.

Student B gives 8= —26.6° as one of the answers to cos 8 =2 sin 6.

(b) (1) Explain why this answer is incorrect.

(i) Explain how this incorrect answer arose.

(1)

()

(Total for Question 2 is 3 marks)
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Mark scheme

Question Scheme Marks AOs
2(2) Identifies an error for student A: They use (:9—50 =tané
sin@
sing Bl 2.3
It should be —— =tané@
cosé
(1)
(b) (i) Shows cos(—26.6°) = 2sin(—26.6°), so cannot be a solution - »
(i1) Explains that the incorrect answer was introduced by squaring Bl 2.4
)
(3 marks)
Notes:
(@)
B1l:  Accept a response of the type They use C?—SB —tan@. This is incorrect as 2" 0_ tan g’
sing cosd

It can be implied by a response such as 'They should get tan @ =% not tand=2'

Accept also statements such as ‘it should be cotd=2"

(b)
B1:

B1:

Accept a response where the candidate shows that —26.6° is not a solution of
cos@ = 2sin @. This can be shown by, for example, finding both cos(-26.6°) and

2sin (—26.6°) and stating that they are not equal. An acceptable alternative is to state that

C0s(—26.6°) =+ve and 2sin(—26.6°) =—ve and stating that they therefore cannot be

equal.
Explains that the incorrect answer was introduced by squaring Accept an example showing
this. For example x =5 squared gives x* =25 which has answers +5
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Student Response A

{O\, {‘// C/U’M (’X ) b(7 (,O" (7 ’2 ykuk A{o\ué‘f &

——

(b\ (’\\ L)C/’Au X us)ﬁw\ Clnec 1 >d/‘,((/t oA
A Ml yu&uJo&f

In J/L\L\) wod o mivi=ke

1/3

Examiner Comments:

Part (a)

B1: For a correct statement.

Part (b)(i)

BO: This is an incorrect statement.
Part (b)(ii)

BO: This is also incorrect.

Student Response B

050 \ ) E\Q @)
2 ot s M &l | np =7

Sunt

W J s (~266) des p  equal  Zsin(—2676)

l:f,) W‘Um SMme s Si?u»m’ﬂi bdﬁ swz&f fﬁtﬂq
nereadéd the s o} <ol it o

2/3

Examiner Comments:

Part (a)

B1: For a correct statement.

Part (b)(i)

BO: This statement is not enough (It can be regarded as just restating the question in words). There
needs to be some evidence to support this such as sight of the values or a response that refers to the
different signs of each side.

Part (b)(ii)

B1: This is a correct statement.
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Student Response C

CosbB (2)
Q) S,ab does nof Ef}uql 2
]
[Meank ko be TanB = 3
b)) Cos(-26.6)= 0.-894 28in(~266)==0.896
\ /

£
> Ner eqgual so

=t Co‘;g =150 CS
Nnot true wWhen B=-26¢6

= | " !

3/3

Examiner Comments:

Part (a)

B1: For a correct statement.

Part (b)(i)

B1: The work shown is sufficient to justify the award of this mark.
Part (b)(ii)

B1: This is a correct statement.
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Exemplar question 3

@ Pearson

Given y = x(2x + 1)* show that g_y = (2x + 1)" (Ax + B), where n, A and B are constants to be
X

found.

(Total for Question 3 is 4 marks)

Mark scheme

Question Scheme Marks AOs
3 Attempts the product and chain rule on y = x(2x+1)* M1 2.1
g_y =(2x+1)* +8x(2x +1)° Al | 1.1b
X
Takes out a common factor g_y = (2x+1)*{(2x +1) +8x} M1 1.1b
X
g—y:(2x+1)3(10x+1):>n:3,A:10,B:1 Al | 11b
X
(4 marks)
Notes:

M1: Applies the product rule to reach g_y =(2x+1)* + Bx(2x +1)°

X

Al: g—y =(2x+D* +8x(2x+1)*
X

M1: Takes out a common factor of (2x+1)°

X

Al: The form of this answer is given. Look for g—y =(2x+1)°(10x+1) =>n=3,A=10,B=1
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Student Response A
3. Given y = x(2x + 1)*, show that

dy .
— =(2x+D)"(Ax+ B
> ( )" (Ax + B)

where #n. A and B are constants to be found.

4)

uj - = (?L-fl\yi

Ay =[x (2ut) & 1(.21*(\)

M

I o

_ ’(:?_:1'“\\%' ('l —fl)

—

Examiner Comments:
M1: The candidate applies the product rule and reaches a suitable form.

AO: Incorrect d_y
dx

1/4

MO: Incorrect attempt to take out a common factor of (2x+1)3 They should have written

(2x +1)3 {2x+1+x}
AO: Incorrect.
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Student Response B

3. Giveny = x(2x + 1)*, show that

dy
— =2x+1)"(Ax + B
e ( ) ( )

where n, A and B are constants to be found.

(4)

Y= XaRT (N
= (AXAV + XAx=2
= (IYai V= exiaxags

- (Zxay (2% <5¢)

1]

3/4

Examiner Comments:

M1: The candidate applies the product rule and reaches a suitable form.
dy

Al: Correct ——
dx

M1: Correct attempt to take out a common factor of (2x +1)3

AQ: Fails to simplify to the required form.
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Student Response C
3. Given y =x(2x + 1), show that

% = (2x + 1)"(Ax + B)

where n, 4 and B are constants to be found.

C))

U = o (23 +1) "
J

uw=23x y= leﬂ]d

i

u =1 v/ =B[l:ac,+l'13

|
u &4
.-IJ.:_: {13;-1**} + S.t:r.fbn:,i-”a

e

= (2> -H)3 (23 +1 +8)

m {lzr_-l-ljj(fﬂ_vr_q-l,l

—

———

Examiner Comments:
M1: The candidate applies the product rule and reaches a suitable form.

Al: Correct d_y
dx

M1: Correct attempt to take out a common factor of ( 2X +1)3
Al: Correct expression reached. There is no need to state n, A and B in this question.
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4.

Given

f(x) =¢*, xe R,

gx)=3Inx, x>0,xeR,

(a) find an expression for gf (x), simplifying your answer.

(b) Show that there is only one real value of x for which gf(x) = fg(x).

)
(3)

(Total for Question 4 is 5 marks)

M1: For applying the functions in the correct order
Al:

The simplest form is required so it must be 3x and not left in the form 3Ine*
An answer of 3xwith no working would score both marks

4 (a) gf (x) =3Ine* M1 | 1.1b
=3%, (xeR) Al 1.1b
)

(b) of (x) =fg(x) = 3x=x° M1 | 1.1b
=x*-3x=0=>x= M1 | 1.1b
= x=(+)v3onlyas Inx is not defined at x=0 and —/3 M1 | 2.2a

©)
(5 marks)
Notes:
(a)

(b)

Al:

M1: Allow the candidates to score this mark if they have e*"* = their 3x
M1: For solving their cubic in x and obtaining at least one solution.
For either stating that x =+/3only as Inx (or3Inx) is not defined at x=0 and —/3

or stating that 3x = x*would have three answers, one positive one negative and one zero but

In x (or3In x) is not defined for x,, 0 so therefore there is only one (real) answer.

Note: Student who mix up fg and gf can score full marks in part (b) as they have already

been penalised in part (a)




A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Student Response A

4. Given
fixy=¢", xe R
g(x)=3lnx, x>0,xeR

(a) find an expression for gf(x), simplifving vour answer.

(2)

(b) Show that there is only one real value of x for which gf(x) = fig(x)

(3)
F?-,v['m..)f._ . S

@\ A 6N <

— .5
= X

(b #ﬂfi} = TR I'A.'il = S
= 730

L/
v
P.:.

|

o~

ki e 2 (g O/'U\"*B Owng (J“,_‘_‘)LF-._Q_/‘P-

1/5
Examiner Comments:
Part (a)
MO: The candidate has applied the functions in the wrong order x* =fg(x)
AO0: Follows MO
Part (b)
MZ1: The candidate sets gf (x) =fg(x) . This is allowed from incorrect orders.

MO: The correct cubic is seen but it is not solved appropriately, x =3 is incorrect.
AO: Incorrect.

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
193



A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Student Response B

4. Given
fx)=¢, xeR

g(x)=3Inx, x>0,xeR

(a) find an expression for gf(x). simplifying vour answer.

(2)
(b) Show that there is only one real value of x for which gf(x) = fg(x)
(3)
== — e =3
(o) S (ACB° = <X
T T

/ZX _ el“?‘
/ 45
”s/zé, = %l
‘ S

4/5

Examiner Comments:

Part (a)

MZ1: For applying the functions in the correct order.

Al: Correct simplified order. We condone the lack of a domain in this case.
Part (b)

M1: The candidate sets gf (x) =fg(x)

M1: The correct cubic is seen, which is solved to obtain one solution.

AO0: The candidate fails to explain why there is just one answer.
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Student Response C

4. Given
fx)=¢, xR
gx)=3Inx, x>0, xeR
(a) find an expression for gf(x), simplifying your answer.
(2)
(b) Show that there is only one real value of x for which gf(x) = fg(x)
3

e gf2)= gle”) = 3be”= 3a

4

5 3
b) Lqlr]= " = "* = 7
7 7
1 =3
II:L: as x 7
‘JL:\J_? as A 70

Examiner Comments:

Part (a)

MZ1: For applying the functions in the correct order.

Al: Correct simplified order. We condone the lack of a domain in this case.
Part (b)

M1: The candidate sets gf (x) =fg(x)

MZ1: The correct cubic is seen, which is solved to obtain one solution.

Al: This is an appropriate explanation as to why there is just one answer.
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Exemplar question 5

The mass, m grams, of a radioactive substance, t years after first being observed, is modelled by the
equation
m = 25¢ 00,

According to the model,

(a) find the mass of the radioactive substance six months after it was first observed,

(2)
show that — = km, where Kk Is a constant to be found.
(b) sh h‘jkahk' be found
(2)

(Total for Question 5 is 4 marks)

Mark scheme

Question Marks AOs

5(a) Substitutes t =0.5into m = 25 *®" = m = 25¢ %% M1 3.4
= m=24.4g Al 1.1b
(2)
(b) States or uses %(e‘o'%‘) = +C g 0% ML | 21
dm 0,05t
E =-0.05x25e =-0.05m = k =-0.05 Al 1.1b
(2)
(4 marks)
Notes:
(@
M1: Substitutes t =0.5into m = 25 °®" = m = 25¢ °%°
Al: m=24.4gAn answer of m=24.4g with no working would score both marks
(b)
M1:  Applies the rule %(e"x) =k e* in this context by stating or using %(ﬁ"05t ) =+Ce 0™
Al. %—T =-0.05% 25 %%®" = —0.05m = k =—0.05
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Student Response A

5. The mass, m grams, of a radioactive substance. ¢ years after first being observed, is
modelled by the equation

m = 25¢ 0%
According to the model,

(a) find the mass of the radioactive substance six months after it was first observed,

(2)
{b) show that {'L—m = km. where k is a constant to be found.
!
(2)

. - = B 4 #0 3]

&\ (=06 wm-25 = 24 34

(bY w26, ¢7%F

A 1 25Le %FFF k= 1258

Ak

Examiner Comments:

Part (a)

MO: The candidate does not substitute t =0.5 or equivalent into m =25e
AO0: Follows the award of MO

Part (b)

—0.05t

MO: The candidate fails to differentiate into the form %—T =+Ae 00

AQO: Incorrect value for k.
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Student Response B

5. The mass. m grams, of a radioactive substance. ¢ years after first being observed, is
modelled by the equation

m = 25¢ "8
According to the model,

(a) find the mass of the radioactive substance six months after it was first observed.

(2)

(b} show that E = km. where k is a constant to be found.

ds (2)

ol : = s caa . TYCTC S
(&) t=0-5 M=Jhe SNer A

s . =04y
( ) I/q/l = r;ls < e
T v
n. . _ : .—Ooﬁ.'&
GV - D5ex —005 e .

e 2 s Yo

—[-Q5 e
- _ P —1005

1

2/5

Examiner Comments:

Part (a)

M1: For substituting t =0.5 into m = 25e %%

AQ: 24 g lacks the accuracy. As a specific accuracy is not stated in the question, 3sf must be used as
stated in the rubric on the front of the paper.

Part (b)

M1: The candidate differentiates into an appropriate form %—T =+Ae 00

AO: Incorrect value for k.
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Student Response C

5. The mass, m grams, of a radioactive substance, / years after first being observed. is
modelled by the equation

m=25e0%

According to the model,

(a) find the mass of the radioactive substance six months after it was first observed,

(2)

(b) show that (jj—m = km. where k is a constant to be found.
! (2)

p——

o e | |
. & 7. =

T
J - — -J-q5 &
M —~o T —D-9S o
S ——— ent™ —
= e
L — g oo G

= — =
— =005l

— — OOy p

Je= ~o o9

Examiner Comments:
Part (a)

o 1.
MZ1: For substituting t:E into m = 25e %%t

Al: Awrt 244 g
Part (b)

M1: The candidate differentiates into an appropriate form %—T =+Ae 0

Al: Correct answer and states k =—-0.05
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For each statement below you must state if it is always true, sometimes true or never true, giving a
reason in each case. The first one has been done for you.

The quadratic equation ax? + bx + ¢ = 0 (a = 0) has 2 real roots.
Sometimes true.

It only has 2 real roots when b? — 4ac > 0.
When b? — 4ac < 0 it has 1 real root and when b? — 4ac < 0 it has 0 real roots.

(i) When a real value of x is substituted into x> — 6x + 10, the result is positive.

)
(ii) If ax > bthen x> 9
a
)
(i) The difference between consecutive square numbers is odd.
)

(Total for Question 6 is 6 marks)
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Mark scheme

Question Scheme Marks AOs
6() | x—6x+10=(x—3) +1 ML | 21
Deduces "always true"
as (x—3)2 0= (x—3)2 +1..1and so is always positive Al 2.22
)
(i) For an explanation that it need not (always) be true
This could be if <0 then ax>b = x < > ML | 23
a
States 'sometimes' and explains if a >0 thenax>b= x> b
‘; Al | 24
if a<Othenax>b=x<—
a
)
(iii) Difference =(n+1)° —n? =2n+1 M1 | 31la
Deduces "Always true" as 2n+1 = (even +1) = odd Al 2.2a
)
(6 marks)
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Notes:

()
M1:

Al:
(i)
M1:

Al:
(iii)
M1:

Al:

Attempts to complete the square or any other valid reason. Allow for a graph of
y = x> —6x+100r an attempt to find the minimum by differentiation

States always true with a valid reason for their method

For an explanation that it need not be true (sometimes). This could be if

a<0thenax>b:>x<E or simply =3x>6 = x<-2
a

Correct statement (sometimes true) and explanation

Sets up the proof algebraically.

For example by attempting (n+1)° —n?=2n+1 or m*—n? = (m-n)(m+n) with
m=n+1

States always true with reason and proof

Accept a proof written in words. For example

If integers are consecutive, one is odd and one is even

When squared odd xodd =odd and evenxeven =even

The difference between odd and even is always odd, hence always true

Score M1 for two of these lines and Al for a good proof with all three lines or equivalent.
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Student Response A

Statement

Always
True

Somebimes
True

Never
True

Reason

The quadratic cquation
ac+hx+c=0, (a=10)
has 2 real roots.

v

It only has 2 real roots when

b —dac = 0.

When & = dac = 0 it has | real
root and when & — dac < 0 it has
0 real roots.

(i)

When a real value of x is’

X~ G +LO

substituted into . 2
X’ — 6x = 10 the result is | = ('1"3) «|
positive,
>0
(2) .
(i1)
Vs I
If ax = bthen x > b g s A
o »
VA 252
(2)

(iii)

The difference between
consecutive square
numbers is odd.

(2)

Iy by 416,25

L~ =7
q-%=" CL()-)‘*)/‘ :
4-4=% odd
25-16-4

Examiner Comments:
Part (a)

M1: For attempting to complete the square.

AO0: The candidate states always true but fails to give a valid reason why.

Part (b)

MO: The candidate does not give any reason why it might not be true (sometimes).

AO0: Follows M0
Part (c)

1/6

MO: No proof offered. Simply considering the first 5 odd numbers scores no marks.

AO0: Follow MO
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Statement

Always
True

Sometimes
True

Never
True

Reason

The quadratic equation
a*+bx+c=0, (a=0)
has 2 real roots.

v

It only has 2 real roots when

! dac > 0.
When b? — 4ac = 0 it has 1 real
root and when »* — 4ac < 0 it has
0 real roots.

()

When a real value of x is
substituted into

x? — 6x + 10 the result is
positive.

@

d.
4 Hae (Jcl'—&::c +10)
= lse -6
loe -6 =0
loc =&
>e =3 =1

Min =1 .. oluaﬁs rves

@ii)

Ifax}i'.lt.ht'.llx)E
a

2)

IF ais -we iF
15 nor Fruc,

(iii)

The difference between
CCI]'ISCCLIﬁVE-‘ squﬂrc
numbers is odd.

2)

),4,9,16,15,36

0dd » Odd = 0dd

Even ®x Exven = Even
Even - 0dd = Odd
Odd - Evea = Odd

S Diference g

oiwujs odd .

Examiner Comments:
Part (a)

M1: For attempting to find the minimum point.
AO: This is an incomplete proof. There must be some further work showing that (3,1) is the

3/6

minimum and hence x?—6x+10>0 for all x. Acceptable work could be to include a U shaped
graph or use of the second derivative.

Part (b)

M1: The candidate suggests a reason why it might not be true (sometimes).

AO0: A statement is required for a>0 ax>b= x> g

Part (c)

M1: This is an example of a proof written in words. Two of the three lines are present.
AO0: The proof lacks the explanation that in consecutive integers, one is odd and one is even.
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Student Response C

Slatamen Always | Sometimes | Never Hiason
True True True
The quadratic equation It only has 2 real roots when
ax+bx+te=0. (¢+0) b= duc = 0.
has 2 real roots, / When & — dac = 0 it has | real
root and when &° — dace < 0 it has

| 0 real roots,
(1) ‘

.
When a real value of v is | ; W PN
| i y

substituted into ‘ : : = -2 ) -3 A
x* G | 10 the result s f ~\ 7
positive. = L>==3) \N‘

(= ZI‘ 2.

% v
@) Rene ¥—Griloda Trie, |
(ii) \
: VoM G g e YL
b )
Ifax = b then x > = _ oS hS XD ¥ /e
: oxSh DS X< L
(2) | 5
- :
(11i) ' ¥l & ”K/""'“ PR VN B
. cobod - aat
The difference between Yo CJ«‘.\\*. AN, G, ¥
consecutive square ' -
numbers is odd Ae YR X 3\# .
A4S (ot - s \6s
| : N A\ .| : |
WO ~ \-‘4'»-\" S GwSR
> \V/;_q) § (,Lk;l .
B e
(2) | L 5/6
Examiner Comments:
Part (a)

M1: For attempting to complete the square.

Al: Acceptable proof and explanation.

Part (b)

M1: The candidate suggests a reason why it might not be true (sometimes).

Al: Ticks sometimes true and provides both scenarios.

Part (c)

M1: This is an example of a proof written in words. Two of the three lines are present. It was

decided that there was just enough evidence to suggest that consecutive numbers are odd followed
by even.

AO0: The proof lacks the explanation as to why the square numbers go up odd, even etc.
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(@) Use the binomial expansion, in ascending powers of X, to show that
1 2
V@4 -x)=2- Zx+kx + ...
where Kk is a rational constant to be found.
(4)

A student attempts to substitute x =1 into both sides of this equation to find an approximate value
for 3.

(b) State, giving a reason, if the expansion is valid for this value of x.
1)

(Total for Question 7 is 5 marks)




A level Mathematics — Paper 2 (Pure Mathematics)

Mark scheme

@ Pearson

Question Scheme Marks AOs
7(a) LV
(4—x)=2[1——xj M1 2.1
4
! [IJ[ 1) M1 | 1.1b
l - I 2 .
[uj ﬂl}u[lj
4 2\ 4 2! 4
(4—X)=2[1—1X—ixz+..] Al 1.1b
8 128
1
(4_x)=2—£x—ix2+... and k=—-— Al 1.1b
4 64 64
(4)
(b) The expansion is valid for|x| < 4, so x =1 can be used B1 2.4
)
(5 marks)
Notes:
(a)
1
M1: Takes out a factor of 4 and writes ,/(4—x)=2(1%...)
1
M1: For an attempt at the binomial expansion with n = —
2
el
EQ. (L+ax)’ =1+ (ax)+ -2 2 (ax) s
2 2!
1
Al: Correct expression inside the bracket 1-=x——x*+ which may be left unsimplified
8 128

1 1 1
Al (4_x)=2——x——x2+... and k=-—
4 64 64

(b)

B1:  The expansion is valid for |X| <4,s0 x=1 can be used
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A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Student Response A

7. (a) Use the binomial expansion, in ascending powers of x, to show that

| 5
\f 4-x)=2—=x+hkx" +..
( X) 4\+ B

where & is a rational constant to be found.

4

A student attempts to substitute x = | into both sides of this equation to find an

approximate value for N3

(b) State, giving a reason, if the expansion is valid for this value of x.
(1)

o /\" § _—
‘ A X
@\ Jlem = L (1=
-4 \

= 2 (J— £x =+ G\ /=)
= Tll= B¥. 'le\)

GS Yor Decma T ool i1 =%

1/5

Examiner Comments:

Part (a)

M1: Scored for an attempt to take out a common factor of 4

MO: Incorrect attempt at the binomial expansion. (There should be a 2! on the denominator of the

termin x?).

AQ: Incorrect expression inside the brackets.

AQ: Incorrect expansion.

Part (b)

BO: There is no reference to the validity of the expansion.
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A level Mathematics — Paper 2 (Pure Mathematics)

Student Response B

7. (a) Use the binomial expansion, in ascending powers of x, to show that

J4—x :2—%x+kr1+...

where k is a rational constant to be found.

A student attempts to substitute x = | into both sides of this equation to find an
approximate value for 3.

(b) State, giving a reason, if the expansion is valid for this value of x.

ol
@) G- = [4 (1-"%)"
2 (1= % G te) %)~

24—
1l Z;x*r_z%zz
b) x=J 3= 2-Y%- Tz
7S
/

12&

Examiner Comments:

Part (a)

M1: Scored for an attempt to take out a common factor of 4
M1: Correct attempt at the binomial expansion.

Al: Correct expression inside the brackets. There is no requirement to simplify this.

AO: Incorrect expansion.
Part (b)
BO: There is no reference to the validity of the expansion.
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Student Response C

-

|+ nx + Zbgat 4 T i

{a) Use the binomial expansion, in ascending pan{'s of x, to show that " '

.,;'[4—,1.'] =2—£x+.tr1+.._

7.

where k is a rational constant to be found.

(4
A student attempts 1o substitute x = | into both sides of this equation to find an
approximate value for +/3.

(b) State, giving a reason, if the expansion is valid for this value of x.

X A 1
7)a) (4-2)" = (4(%1-%)° ”

. 2
-
=z [1- 3
."L‘AL-:_":I. L)
=2(|~% + =23 |
77
. i T —
':—1{1""‘%"{‘ —  qif §
i
=2- % - X
Cr

5/5
Examiner Comments:

Part (a)

M1: Scored for an attempt to take out a common factor of 4
M1: Correct attempt at the binomial expansion.

Al: Correct expression inside the brackets. There is no requirement to simplify this.
Al: Correct expansion with statement for k
Part (b)

B1: Yes as |x| < 4 is sufficient.
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™

i

Figure 1
Figure 1 shows a rectangle ABCD.
The point A lies on the y-axis and the points B and D lie on the x-axis as shown in Figure 1.
Given that the straight line through the points A and B has equation 5y + 2x = 10,

(@) show that the straight line through the points A and D has equation 2y — 5x = 4,
(4)

(b) find the area of the rectangle ABCD.
©)

(Total for Question 8 is 7 marks)




A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Mark scheme

Question Scheme Marks AOs
8@ | GradientAB = —é BL | 21
y coordinate of A is 2 Bl 2.1
Uses perpendicular gradients y =+gx+c M1 2.2a
—=2y-5x=4 * Al* | 1.1b

(4)

(b) Uses Pythagoras' theorem to find AB or AD

2
Either /5° +2° or /(%j +22 M1 | 3.la

Uses area ABCD = AD x AB =/29 x % M1 1.1b
area ABCD =11.6 Al 1.1b

(3)
(7 marks)
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Notes:

(a) It is important that the student communicates each of these steps clearly

B1l:  States the gradient of AB is _g

B1l:  States that y coordinate of A =2

: 2
M1: Uses the form y=mx+cwith m= theiradapted—— and ¢ = their 2

5
: ) . 2
Alternatively uses the form y—y, =m(x—x )with m= their adapted — —and
5
(%:%)=(0.2)
Al*: Proceeds to given answer

(b)
M1: Finds the lengths of AB or AD using Pythagoras' Theorem. Look for J57+2% or

2
(ﬂj +2?
5

Alternatively finds the lengths BD and AO using coordinates. Look for [5+ij and 2
5

M1: For a full method of finding the area of the rectangle ABCD. Allow for ADx AB
Alternatively attempts area ABCD = Zx% BDx AO = 2><%'5.8'>< 2

58
Al: Area ABCD = 11.6 or other exact equivalent such as —
5




A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Student Response A
@ =02\ Cad A= 25

(e AD > W = o5 XA

A (o, 2)
7
L Sl X

%.,0)

//

@

—~

217

Examiner Comments:

Part (a)

BO: Gradient AB # —%

B1: Statement that A=(0,2) is seen.

MO: The candidate does not use a perpendicular gradient. For their AB us of a gradient of % should be
seen.

AO0: Follows incorrect work.

Part (b)

MO: For the incorrect method of finding length DB (The 5 and the - 0.8 should be subtracted).
M1: Correct method for finding the area of a rectangle.

AQO0: Incorrect answer.
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Student Response B

~

5wy saidx =0

(Q)
~_A

6‘% = =) % 0O

d

A= —2X 41O

C?YC(C}‘ A (S =

2. A=(CC

Co AD 9= > X <0

2&3"')’\(: A0

g \
xoro)

Y

0= JuiE

\ DI\

A (@ = \/(/1_5’

/
§ / o{ 3751
(’alo\ k > ' e /
TN ARCD=1i6 v izs
~_/ .
2
|
47
Examiner Comments:
Part (a)
B1: Gradient AB =—§

BO: Incorrect. This candidate states that A=(0,10).

M1: The use of a perpendicular gradient and A= (0,10) to find the equation of line AD scores the mark.

AO: Follows incorrect work.
Part (b)

M1: A correct method of finding lengths AD and AB using Pythagoras' Theorem.

M1: Correct method for finding the area of a rectangle.
AQO0: Incorrect answer.
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Student Response C
. (%)
@ S‘\\ t e =0
b "7//%- £
N\M\ ':’2_—7 tM-A\\— )
= >

e (v AB = 2 =2

A\'ﬁ": _/(:Q_CD o \?I\JX\I;C

= P>y

e

6/7

Examiner Comments:

Part (a)

B1: Gradient AB = —%

B1: Correct. Implied by c=2

M1: The candidate uses a perpendicular gradient and ¢ =2 to find the equation of line AD.
Al: Correct answer following correct work.

Part (b)

M1: A correct method of finding lengths AD and AB using Pythagoras' Theorem.

M1: Correct method for finding the area of a rectangle.

AQO: Incorrect answer due to slip on the length of AD.
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A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Exemplar question 9

Given that A is constant and

J (3Vx+A) dx =2A?,

show that there are exactly two possible values for A.

(Total for Question 9 is 5 marks)

Mark scheme

Question Scheme Marks AOs

Al:

M1:

M1:
Al:

(3% + A) dx = 2x** + Ax(+c) ML) 3la
Al 1.1b
Uses limits and sets = 2A°= (2x8+4A)—(2x1+ A)=2A" M1 | 1.1b
Sets up quadratic and Sets up quadratic and attempts
> M1 | 1.1b
attempts to solve b* —4ac
7
= A=-2, B and states that | States b? —4ac =121> 0and hence Al 54
there are two roots '
there are two roots
(5 marks)
Notes:
M1: Integrates the given function and achieves an answer of the form kx"* + Ax(+C) where k is

a non- zero constant

Correct answer but may not be simplified
2

Substitutes in limits and subtracts. This can only be scored if j Adx = Ax and not A
2

Sets up quadratic equation in A and either attempts to solve or attempts b® —4ac

Either A=—2, % and states that there are two roots

Or states b? —4ac =121> 0and hence there are two roots
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Student Response A

9. Given that 4 is constant and

J’:(.w'} + A)dx = 24°

show that there are exactly two possible values for A.

(5)
2
( . . 14
O\ (T eAddx o[ 22+ AT
'“iJ o - ¥ __2__;_1_;_ __________
S _:_(?-KE*A'C\-/ZM*AL\\
~ /] | =

1/5

Examiner Comments:
MO: For attempting to integrate but must achieve and answer of the form kx® + Ax

AO0: Follows MO
A2
MO: This cannot be awarded if J-A - -

M1: The candidate sets up a quadratic equation in A and attempts to solve.
AQ: Incorrect solution.
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Student Response B

9. Given that A is constant and
L’(3J.¥ + A)dx = 24°

show that there are exactly two possible values for A.

S =
(&R (R~ A=A [
TERA-DA 7 i

O QUS-eIN a.S ‘
Mol ol Moo nfevzechors

v -

2/5

Examiner Comments:
MO: The candidate fails to integrates to a form kx> + Ax
AQO: Incorrect answr.

M1: For substituting in limits and subtracting. It is also a requirement that JAdx — AX

M1: The candidate sets up a quadratic equation in A and attempts to show that there are two roots.
This is an acceptable if alternative method.
AQ: Incorrect solution.
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Student Response C

" 2)
] TJ;L *l'ﬂ' dx = ZAL
v ,
fﬁh 'f'Az-'T T
(e AL |
L)+ LA) - ([J"eh) = 24"
16 tLA- 2 -p=24°
b 4 7p= 24
LA -3A-ju=o
a= 0 ] .
b AR X T RPN
c- —lu .
3 - x2x-14>6
9 +N1 >0
I o L ha via LA

Examiner Comments:

M1: The candidate integrates to a form kx*> + Ax
Al: Integration correct.

5/5

M1: For substituting in limits and subtracting. It is also a requirement that jAdx — AX

M1: The candidate sets up a quadratic equation in A and attempts to find b? —4ac

Al: Correct solution with correct statements.
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10.

A level Mathematics — Paper 2 (Pure Mathematics)

Exemplar question 10

In a geometric series the common ratio is r and sum to n terms is Sy.

Given So= % x Sg, show that 1 = J_ri, where k is an integer to be found.

Vk

(Total for Question 10 is 4 marks)

Mark scheme

Question Scheme Marks AOs
10 6
Attempts S, = Sx 5, = & =8, ad=r") ML | 21
7 1-r 7 1-r
:>1=gx(l—r6) ML | 21
6 1
=>r = A =>r= M1 1.1b
:>r—+i (so k=2) Al 1.1b
5 = .
(4 marks)
Notes:
M1: Substitutes the correct formulae for S, and S, into the given equation S, = gxse
M1: Proceeds to an equation justinr
M1: Solves using a correct method
1 ..
Al: Proceedsto r=+— giving k=2
NA giving
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A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson
Student Response A

10. In a geometric series the common ratio is r and sum to » terms is §

Given
S5, ==x%x8§;
1 .
show that » = iT, where k is an integer to be found.
k (4)
4 - ¥ o “L ' o -
L =~ N |~

1/4

Examiner Comments:

M1: The candidate uses the correct formulae to form an equation in a and r

MO: An incorrect method has been used to create an equation in just r

MO: Although r =1 is a solution of their equation in r, no method is shown and this mark cannot be
awarded.

AO: Incorrect answer.
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Student Response B

1 In a geometric series the common ratio is » and sum to » terms is S

Given

(4)

&9:#3 = ____'5 X RB{;
i i .

3/4

Examiner Comments:
M1: The candidate uses the correct formulae to form an equation in a and r
M1: A correct method has been used to create an equation in just r

M1: The answer of r =0.707 implies a correct method as this is the decimal equivalent of %

AO: Incorrect answer.
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Student Response C

10. In a geometric series the common ratio is » and sum to »# terms is S &, U - “J
Given gr-., :"'__i:
5, = LW 8, c)
? G = o=t
show that » = :L, where k is an integer to be found. (~1
vk @
C Vg
= B e ™
J P :

[ =r el
?ﬂ.‘“"[n); a
7
g{)-c’)=]
-?L

i
L

[i
Pl

- -
\z) ~ ()
5 =r°-
p
fr==r

4/4
Examiner Comments:
M1: The candidate uses the correct formulae to form an equation in a and r
M1: A correct method has been used to create an equation in just r
M1: For solving their equation in r using a correct method.
Al: Correct answer. There is no need to state k.
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11.

=Y

0
Figure 2
Figure 2 shows a sketch of part of the graph y = f(x) where f(x) = 23— x| +5, x>0.

(a) State the range of f.

1)
(b) Solve the equation f(x) = %x + 30.
©)
Given that the equation f(x) = k, where k is a constant, has two distinct roots,
(c) state the set of possible values for k. o
2

(Total for Question 11 is 6 marks)




A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Mark scheme

Question Scheme Marks AOs
1)
(b) Uses —2(3—x)+5 =%x+30 M1 3.1a
Attempts to solve by multiplying out bracket, collect terms etc
3 «=31 M1 1.1b
2
X= 6—32 only Al 1.1b
©)
(© Makes the connection that there must be two intersections. M1 55
Implied by either end point k >5 or k,, 11 <4
{k:keR, 5<k<11} Al 2.5
)
(6 marks)
Notes:
(@)
B1:  f(x)>5Also allow f(x)e[5,)
(b)

M1: Deduces that the solution to f(x) = % x+30 can be found by solving

—2(3—x)+5:%x+30
M1: Correct method used to solve their equation. Multiplies out bracket/ collects like terms

Al:  x= 6—32 only. Do not allow 20.6

(©)

M1: Deduces that two distinct roots occurs when y =k intersects y =f(x) in two places. This
may be implied by the sight of either end point. Score for sight of either k >5 ork < 11

Al: Correctsolutiononly {k:k e R, 5<k <11}
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Student Response A
(e lfzﬂm}y_ 6y 2§

> 2R =5 = 31<30
C—2x+t5 = XX X0

= = B B -
o 8. = :5:')?_
ey 2]zl es =t
C-2x~+¥ =k
?_;\_{_L—“".—C_)

T veots LY Liac DO
| Lix7 ! (> &

kKN

2/6

Examiner Comments:

Part (a)

B1: Correct answer.

Part (b)

MO: Incorrect branch of the line chosen.

M1: Correct method used to solve their equation.
AOQ: Incorrect answer.

Part (c)

MO: Incorrect method.

AO0: Follows M0
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Student Response B
@ QQ(\@Ji ( 5 FO)

b)) e 03-XV+ 5= 5X+30
G-2X +5 = Jax +R0O
—19 = 24X
x= —3%

ol — 2A(3x)+5 = H~30

o —GA2X 15 = YA+30
1%5¢ =31
I —&

o :
7 - |
I ST ZI]

(2)

3/6

Examiner Comments:

Part (a)

BO: Incorrect answer.

Part (b)

M1: Correct branch of the line attempted (as well as the incorrect branch).
M1: Correct method used to solve their equation.

AQO: Incorrect. This mark requires x = 62 only.

3
Part (c)
MZ1: For one end of the inequality k >5
AO: Incorrect.
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Student Response C

a] FLa s

—

b) 2/3-2) +5 = 75c+30

sc +3G

r..il_

2id=2) +F =

]
b-1a+5 = 33+30

i
1] =25 = 32¢+30 Y -1 = y3+30
g 75;;:_,q 92, =3
F 5 F 5
" Y i -

Examiner Comments:
Part (a)

B1: Correct answer.
Part (b)

M1: Correct branch of the line attempted (as well as the incorrect branch).

M1: Correct method used to solve their equation.
: . 2
Al: Correct. Candidate gives the answers as X = 62

3
Part (c)
M1: For one end of the inequality k < 11
AQO: Incorrect.
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12. (a) Solve, for —180° < x < 180°, the equation 3 sin? x + sin x + 8 =9 cos? X, giving your answers
to 2 decimal places.

(6)
(b) Hence find the smallest positive solution of the equation
3sin? (20— 30°) + sin (26— 30°) + 8 = 9 cos? (26— 30°),
giving your answer to 2 decimal places.
()

(Total for Question 12 is 8 marks)




A level Mathematics — Paper 2 (Pure Mathematics) @ Pearson

Mark scheme

Question Scheme Marks AOs
12(a) Uses cos’ x =1—sin’ x = 3sin’ x+sin x+8=9(1-sin’ x) M1 | 3.1a
=12sin’* x+sinx—1=0 Al 1.1b
= (4sinx—1)(3sinx+1)=0 M1 | 1.1b
:sinx:%,—% Al | 1ib
Uses arcsin to obtain two correct values M1 1.1b
All four of x=14.48°,165.52°,—-19.47°,-160.53° Al 1.1b
(6)
(b) Attempts 20-30°=-19.47° M1 | 3.1a
= 60=5.26° Alft | 1.1b
)
(8 marks)
Notes:
(@)

M1: Substitutes cos® x =1—sin® x into 3sin® x+sin x+8=9cos” x to create a quadratic
equation in just sin x

Al:  12sin® x+sin x—1=0or exact equivalent

M1: Attempts to solve their quadratic equation in sin x by a suitable method. These could
include factorisation, formula or completing the square.

Al:  sinx= 1 : 1

4 3
M1: Obtains two correct values for their sinx =k

Al:  All four of x=14.48°165.52°,—19.47°,—160.53°

(b)
M1: For setting 260 —30° = their'-19.47°'
Alft: 0=5.26°but allow a follow through on their '-19.47°'
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Student Response A
12. (a) Solve, for —180°< x < 180°, the equation
3 sin’x + sinx + 8 = 9 cos’x

giving vour answers to 2 decimal places.

(6)
(b) Hence find the smallest positive solution of the equation
3sin’(26 — 30°) + sin (26 — 30°) + 8 = 9 cos’(26 — 30°)
giving your answer to 2 decimal places.
(2)

(:Ok\ < S”-V\Z?-( Sinx £« R = QR car?x
PPN T EILY (DT
3 Seax St‘\)_q“}) = q—t_q g.‘..,zxi
¢ SL“\?)L' S, L =
(’3 seane ) (Zstu\_.,\,() =0
Srad = — - =

v

2 JEENT S

x= —(q5°,-160-5, 30° (SO

<

BN 2E6-30 =30
2= (0O
E= 30

e ——

2/8

Examiner Comments:
Part (a)

MO: For substituting cos’x =1+sin’x

AO0: Follows MO (Incorrect quadratic).

M1: Scored for a correct attempt at solving their quadratic in sin x
AQ: Incorrect values for sin x

M1: Scored for obtaining two correct values for their sinx =% or —%
AOQ: Incorrect answers.

Part (b)

MO: Incorrect method. They should be attempting to solve 26 —-30=-19.5
AQ: Follows MO
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Student Response B
12. (a) Solve, for —180°< x < 180°, the equation
3 sin’x + sinx + 8 = 9 cos’x

giving your answers to 2 decimal places.

(6)
(b) Hence find the smallest positive solution of the equation
3sin?(26 — 30°) + sin(26 — 30°) + 8 = 9 cos’(26 — 30°)
giving your answer to 2 decimal places.
(2)

P e

N =7 Al < A} : 1
G SSNXALSINX 4 X = @S X

'\S S(V\QY - Sk « X,’ q([’j(r\gx\}

[ZSin“X £ swx -1 =O

<Z+ SinX —%\\(SS(V\X f(\\i;f 0

S(V\K"T’LA’ \'+j/?‘
=0 v

Xz -5, 1655 95,1605

) 26 -30 = 45
28 = \6- 5

O=-%=25

Examiner Comments:
Part (a)

M1: For substituting cos®x =1—sin’x to create a quadratic in sin x
Al: Correct quadratic.

5/8

M1: Scored for a correct attempt at solving their quadratic in sin x This type of error is regarded as

an accuracy error.
AQ: Incorrect values for sin x

- - 1 1
M1: Scored for obtaining two correct values for their sinx = 3 or 7
AO: Incorrect answers.
Part (b)

M1: Correct method. This is an attempt to solve 260 —30 = their —19.5

AOft: This is a follow through mark but there is a slip in the working so cannot be awarded.
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Student Response C

12. (a) Solve, for —180°< x < 180°, the equation
3 sin’x + sinx + 8 = 9 cos’x

giving vour answers to 2 decimal places.

(6)
(b) Hence find the smallest positive solution of the equation
3sin*(28 = 30°) + sin (2@ - 30%) + 8 = 9 cos* (26 - 307)
giving your answer to 2 decimal places.
17) o) Loun 1+;m1+3’— 1 Sty A
)

2<a e + siax ~1 =0

¥ (Usina— N(Ssux £ 1) =0

- T
5 &

. Suy = =

= —160-53, — 1947, I\
o bf” ) €SS %" (S

[

b) 25 -30= —j4'47
- T4 a f-ﬁfgj
6> 5.24° [l

)
7

8/8

Examiner Comments:
Part (a)

M1: For substituting cos?x =1—sin’x to create a quadratic in sin x
Al: Correct quadratic.
M1: Scored for a correct attempt at solving their quadratic in sin x
Al: Correct values for sin x

- . 1 1
M1: Scored for obtaining two correct values for sinx = -3 or i
Al: Correct answers with suitable accuracy.
Part (b)
M1: Correct method. There is an attempt to solve 260—-30=-19.5
Alft: Correct answer
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13. (a) Express 10 cos 8- 3 sin @in the form R cos (6 + «), where R >0 and 0 < a < 90°.
Give the exact value of R and give the value of ¢, in degrees, to 2 decimal places.

©)

Figure 3

The height above the ground, H metres, of a passenger on a Ferris wheel t minutes after the wheel
starts turning, is modelled by the equation H = a — 10 cos (80t)° + 3 sin (80t)°, where a is a
constant. Figure 3 shows the graph of H against t for two complete cycles of the wheel.

Given that the initial height of the passenger above the ground is 1 metre,
(b) (i) find a complete equation for the model.

(ii) Hence find the maximum height of the passenger above the ground.
)

(c) Find the time taken, to the nearest second, for the passenger to reach the maximum height on the
second cycle.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(©)
It is decided that, to increase profits, the speed of the wheel is to be increased.

(d) How would you adapt the equation of the model to reflect this increase in speed?
1)
(Total for Question 13 is 9 marks)
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Mark scheme

\ Question Scheme \ Marks AOs
13(a) R =109 Bl 1.1b
tana = 3 M1 1.1b
10
a=16.70° so /109 cos(<9+16.70°) Al 1.1b
®3)
(b) Q) e.g H =11-10cos(80t)°+ 3sin(80t)°or
H =11-/109 cos (80t +16.70)° BL | 33
(i) 11++/109 or21.44m B1ft 34
)
(c) Sets 80t +"16.70" =540 M1 3.4
= 240710707 g 5y M1 | L1b
80
t = 6 mins 32 seconds Al 1.1b
®)
(d) Increase the ‘80 in the formula 33
For example use H =11-10cos(90t)° + 3sin(90t)° '
1)
(9 marks)
Notes:
(a)
Bl: R=.109 Do not allow decimal equivalents
M1: Allow for tana = ii
10
Al:  a=16.70°
(b)()
B1l:  seescheme
(b)(ii)
B1ft: their 11+ their /109 Allow decimals here.
(c)
M1: Sets 80t+"16.70"=540. Follow through on their 16.70
M1: Solves their 80t +"16.70" =540 correctly to find t
Al: t=6mins 32 seconds
(d)
B1l:  States that to increase the speed of the wheel the 80’s in the equation would need to be

increased.
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Student Response A

(D Gan=z = - 1670

(O

P’L_ (/L T f/
< = O+] = R=\10Y

2 \
(b ) H= & ~10cs (BDL) + 2 s 80L)

=) , H=) | =

0N = [—10 (o8 (X)L\ < gf(/r\ (%Q\

LU\ | €% = ZeV'-’(

@\ 4= T- [0\ (%0E

S 2 S("!(@’ﬁs

\O s (RVEY =V~ (o) =S

goe= 270"

67—'-’ ’; Mt:‘vtk[ 37 s(c_c;nc)zs.

(D Make £ cenalle

Examiner Comments:
Part (a)
B1: Scored for R =+/109

) 3
M1: Scored for tana = 0

Al: Scored for the correct value of « = (16.70°)
Part (b)(i)
BO: H =1-10cos(80t)+3sin(80t) is incorrect.
Part (b)(ii)

BOft: 4 m is an incorrect follow through. It should be 1+ /109

Part (c)

MO: Incorrect method. Part (a) has not been used.
MO: Follows previous MO

AQO: Incorrect.

Part (d)

BO: Incorrect statement.
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Student Response B

(O) Reosd=10  tan=—>2
iiif@ S KA = ’_/S - (O i .
N A=—-\6- 1O

)

k| 79\ - P ==
R= 1D« =) K= JLOA

L

(B =6 -0 (00 « Ssu(0E)

N— \
= & —\Jd ax(Pe- 670 )

O -l 1—o-Jpt e Cl& 7o)

B = o= 18D
OCN: — (\ o
O B - [1—V109 cos (0E %707
(T maX = [l — o9’ <=
= 2\ L h A

) Xot-\6-7T) = 540

_ _ o 0.
XOt= §5¢. 70 3
o
€= 6-as R

= B:GC winstlx

/Tr - >
@) =TI 108 o (LOE-E- )
RO secods —> LO secads

5/9

Examiner Comments:
Part (a)
B1: Scored for R =+/109

M1: Scored for tana = 3 The incorrect sign is an accuracy slip

10
AQ: Incorrect value of « =(—16.70°)
Part (b)(i)
BO: This is not a follow through mark. H =11—\WCOS(80'[ —16.70°) is incorrect.
Part (b)(ii)
B1ft: 21.44 m is a correct follow through for their function.
Part (c)

M1: Correct method.

M1: Correct attempt to solve 80t —16.70° =540°
AO0: Answer incorrect.

Part (d)

BO: Incorrect.
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Student Response C

- _ ' m
!3),3_‘\} Ef“-_ m - i\ Il.qq

¢

= 3

tand= 1o ﬁ,‘,a‘_: [ 6 70/%)

b) ;\ B - —Jlog

| 4+ o7 = « :

H = [0t — JToq e/ 0816 70)

&) |19 4 g~ [+ 2350 = 7[99 (2dp)
Question 13 continued e ’f

o G 14 T) =

ot

[

7
ws_ (80 +167) =]

oL 1167 = W 9% 540

706 = §75:3

E=64 S4 mu

£= 392 secmds [Olp)

N Change & frm 506w zE, whre

"2 240

Examiner Comments:
Part (a)

B1: Scored for R =+/109 M1: Scored for tana = %

Al: Correct value and accuracy for « = (16.70°)
Part (b)(i) BO: H =1++/109 —+/109cos (80t +16.70°) is incorrect.
Part (b)(ii) B1ft: 1+ 24109 is a correct follow through for their function.

Part (c)

M1: Correct method. M1: Correct attempt to solve 80t +16.70° =540°
Al: Answer is correct.

Part (d) B1: Scored for a correct statement.
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14. A company decides to manufacture a soft drinks can with a capacity of 500 ml.

The company models the can in the shape of a right circular cylinder with radius r cm and height h
cm. In the model they assume that the can is made from a metal of negligible thickness.

(a) Prove that the total surface area, S cm?, of the can is givenby S=27zr?+ 10r00 .
(©)
Given that r can vary,
(b) find the dimensions of a can that has minimum surface area. -
9)

(c) With reference to the shape of the can, suggest a reason why the company may choose not to
manufacture a can with minimum surface area.

(1)
(Total for Question 14 is 9 marks)
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Mark scheme

@ Pearson

Question Scheme Marks AOs
14(a) | Sets 500 = zr’h B1 2.1
Substitute h = i? into S =27r°+2xrh=2xr*+2xr ><5—0(2) M1 | 21
r r
. . , 1000
Simplifies to reach given answer S =2zr°+—— * Al* | 1.1b
r
®3)
(b) Differentiates S with both indices correct in 3_? M1 3.4
B grr- 1080 Al | 11b
dr r
ds 3 .
Sets ol Oand proceeds to r° =k, k isa constant M1 2.1
r
Radius =4.30cm Al 1.1b
. . . 500 .
Substitutes their r =4.30into h= P = Height =8.60cm Al 1.1b
T
()
(© States a valid reason such as
e The radius is too big for the size of our hands
e If r=43cmand h=8.6cmthe can is square in profile. All
drinks cans are taller than they are wide Bl 3.2a
e The radius is too big for us to drink from
e They have different dimensions to other drinks cans and
would be difficult to stack on shelves with other drinks cans
(1)
9 marks
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Notes:
(@)
B1:  Uses the correct volume formula with V =500. Accept 500 = zr?h
M1: Substitutes h= SLS or rh= 500 into S =27zr?+2zrh to get S as a function of r
zr r
) , 1000 . :
Al*: S=2zr"+=—— Note that this is a given answer.
r
(b)
M1: Differentiates the given S to reach 3_8 =Ar+Br~?
r

Al: as =4xr— 1080 or exact equivalent

dr r
M1: Sets ‘;_S — 0 and proceeds to r® =k, k is a constant

r

Al: R =awrt4.30cm
Al:  H=awrt8.60cm
(©)
B1l:  Any valid reason. See scheme for alternatives
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Student Response A

e =
M

1y M, h=S00 B
| n
: - h= s0
T

S= T+ Tv*~+ 21 h
S= 2Mr* 4 (0w o

7 Vi

(5\ S= 629« (000

0> - (2:56r OO

de B

&S ( ‘Zﬁrrjré ~= (000
CL/'EV ——(‘-A
(2:956r> = (0OO
SR 0O -
r= Le-3|

Ha [+ o0 be o K_}i(?cmglbg ,

3/9

Examiner Comments:

Part (a)

BO: Incorrect volume formula used.

MO: The candidate substitutes an incorrect h into an incorrect S.

AO0*: This mark cannot be scored from incorrect work.

Part (b)

M1: The candidate differentiates S with both indices correct.

Al: This is a decimal equivalent and would be allowed (as it is an intermediate result).

M1: The candidate sets 3—§ =0 and proceeds with a correct method (to produce an answer lacking

accuracy).

AO0: Requires r =4.30 cm

AO0: There is no attempt to find the height.
Part (c)

BO: This is not a suitable response.
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Student Response B

B e T R

- .

500 = W
h= 600

Was L/ Y

R= QM= AAr{ 2520

4 N Kt/

€= BUr « oo

=N

(oo _—
- o I
2

Bl o= 4

oL i; )

LT, ~+ 1000 —o,
N >

o 4Tt = - (000
= oo
ATT
(=L 30

h= -0

o 5/9

Examiner Comments:

Part (a)

B1: Correct volume formula used with V = 500.

M1: Correct method.

Al1*: Correct proof with all steps shown.

Part (b)

M1: The candidate differentiates S with both indices correct.

AO: Incorrect d_S
dr

M1: The candidate sets g—f =0 and proceeds with a correct method to r®=k.

AO0: Although r = 4.30 cm is achieved, it is found from incorrect work so cannot be awarded.
A0: As above.

Part (c)

BO: This mark is only awarded when there is a suitable comment.
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Student Response C

0y o e

L
$= 2mc—? Hﬂitlﬁrﬂri’%ﬂr

-"ﬂ‘rt +h =500
h- 225

i

S=2Fr 4 €Nr & ﬂ-‘j["‘i
r_l&-\.

|00a

S=2Tc"+ “r

3,,) 45 _ LT o — ¥
—LE 2) -
C |UG§
GAle =~ —>=0

“Mpr3-j0gg=9
#c*=259 27

— rd n.i
r= 1-23 [3s+]
L hex = 87 [55F

¢) It is poorly—docioned hard o disk ofit of & handle

719

Examiner Comments:
Part (a)
B1: Correct volume formula used with V = 500

M1: We can allow this method mark as (1) the expression for S in terms of r and h is correct and
(2) the correct answer is shown following a correct expression for rh.

Al*: Correct.
Part (b)
M1: The candidate differentiates S with both indices correct.

Al: Correct d—S
dr

M1: The candidate sets g—“:’ =0 and proceeds with a correct method to r’=795...
AQ: r=4.30cm

A0: h=8.60cm

Part (c)

B1: This is a suitable response.
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15.

()

7

Figure 4

3
Figure 4 shows a sketch of the curve C with equation y = 5x? —9x +11, x>0.

The point P with coordinates (4, 15) lies on C. The line | is the tangent to C at the point P.
The region R, shown shaded in Figure 4, is bounded by the curve C, the line | and the y-axis.
Show that the area of R is 24, making your method clear.

(Solutions based entirely on graphical or numerical methods are not acceptable.)
(Total for Question 15 is 10 marks)
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Mark scheme

Question Scheme Marks AOs
15 1 M1 3.1a
ﬂ — E X2 _9
dx 2 Al 1.1b
i dy
Substitutes x=4:>d—=6 M1 2.1
X
Uses (4, 15) and gradient = y—-15=6(x—4) M1 2.1
Equationof l'is y=6x-9 Al 1.1b
4 3
AreaR = j (5X2 —9x+11]—(6x—9)dx M1 3.1a
0
5 15 )
= {2x2 —?x2 + 20x(+c)} Al | 11b
0
Uses both limits of 4 and 0
5 ! 5
[ZXZ—%X2+ZOX} =2x42—§x42+20><4—0 M1 2.1
0
AreaofR=24 * Al* 1.1b
Correct notation with good explanations Al 2.5
(10)
(10 marks)

Pearson Edexcel Level 3 AS and A level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2017
247




Question 15 continued

Notes:
3 1
M1: Differentiates 5x2 —9x+11 to a form Ax?2+B
1
Al: dy b X2 —9 but may not be simplified

dx 2

M1: Substitutes x =4in their g_y to find the gradient of the tangent
X
M1:  Uses their gradient and the point (4, 15) to find the equation of the tangent

Al: Equationoflisy=6x-9

4 3
M1: Uses AreaR = j [5X2 -9x +11]—(6x—9)dx following through on their y =6x-9

0

5
Look for a form Ax2 + Bx® +Cx

§ 4
Al: = {sz —% X° + 20x(+c)} This must be correct but may not be simplified

0
M1:  Substitutes in both limits and subtracts
Al*: Correct areaforR =24
Al:  Uses correct notation and produces a well explained and accurate solution. Look for

e Correct notation used consistently and accurately for both differentiation and
integration

e Correct explanations in producing the equation of I. See scheme.
e Correct explanation in finding the area of R. In way 2 a diagram may be used.

Alternative method for the area using area under curve and triangles. (Way 2)

40 3 5 !
M1: Areaunder curve = j [SXZ —9x +11J = {AXZ + Bx? +Cx}

0 0

5 4
Al: = {sz —%xz +11x} =36
0
M1: This requires a full method with all triangles found using a correct method

Look for Area R = their 36—%><15><(4—their g}réxtheir 9xtheirg
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Student Response A

(ols . 5,459

TS s o
Keop qrediek =— L
ECLL(AQ'W/\ c( (__ ’&};; ‘3"3/
- HX— L
- A-hi= by -G
k\),\: /(‘/A‘l "‘CL('
o o
. = / /‘ e N\ 2 \
\ [ 5572 _Haall) [2x+Te) i
Y e i
) B
@)

= ( ')A)\,S_'_Z — C(Ji X +295 olx
. 3 - B

27 -
= X = Ao
,/7-

S -

= 24

3/10
Examiner Comments:

1
M1: The candidate differentiates to a form d_y =Ax?+B

dx
AQ: &y incorrect.
dx
MZ1: For substituting x =4 into their 3—1 implied by ‘gradient = — 4’

MO: Incorrect method for the equation of a tangent. The normal gradient is used.
AQ: Equation of | is incorrect.

M1: For attempting to find the area by integrating (curve-line).

AO0: Incorrect.

MO: No use of the limits 4 and 0

AO*: This is a show that question and a candidate cannot simply write down 24
AO0: This mark cannot be scored for an incorrect solution.
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Student Response B

i
o U;’//f X Cz&vj :{ i(‘
= 5.3 41
o =1
- A= letC e
— (L,.(5Y ?2 i"f‘é% (DUu=2x-€1

. 2% -
O = Quetll = S 81

A — : .y
A= 1 Ox"- SR IG] = 3C
[ RA

=20 ST =113 &

9
- [
2

7/10
Examiner Comments:

1
M1: The candidate differentiates to a form d_y =Ax?2+B

dx
dy e .
Al: &correct (unsimplified) on line two.
M1: For substituting x =4 into their % as seen on line three. The error is an accuracy error.

M1: Correct method for the equation of a tangent.
AQ: The equation of | is incorrect.

M1: For attempting to find the area under the curve by integration. (This requires correct index
work)

Al: The answer 36 is correct.

M1: Scored for a full attempt at the area of R using triangles.

AO0*: The error on the tangent means that the correct answer cannot be found.
AO0: This mark cannot be scored for an incorrect solution.
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A Dy g i

4 =R . . . _ 1

,j} d b A ‘f'J ‘% = g =401
’ [§=24fC

~q<(

. g y-6aT

NP PEY)) O PP EAT) M

b@r' ‘ik"‘f x :ﬁ- = £+75
0a): (- xz w15= 1§98
1 J — P
SR> 3C+rMB6-75- [£:75= 2L
9/10
Examiner Comments:
1
M1: The candidate differentiates to a form % =Ax2+B
Al: d—ycorrect.
dx
_ I . dy dy
MZ1: For substituting x =4 into their ax This is implied by d—X:6

M1: Correct method for the equation of a tangent using y =mx+c

Al: The equation of | is correct.
M1: For attempting to find the area under the curve by integration. (This requires correct index
work)
Al: The answer 36 is correct.
M1: Scored for a full attempt at the area of R using triangles.
Al*: 24 is achieved with no errors.
AO0: This mark is now available to the candidate as they have produced a correct solution. It is
awarded for:
e Correct notation. (Good v")
e Correct explanation for producing the equation of |. (Acceptable. It would have been better
if this candidate had used some words along with the calculations by way of explanation,
e.g. gradient of | = 6 = equation of l is y=6x+c¢ )
e Correct explanation in finding R =24. (Incorrect * There is no diagram or annotation of the
diagram to explain A, A,)

Hence this mark is not awarded.
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(a) Express Lt in partial fractions.
P(11-2P)
©)
A population of meerkats is being studied. The population is modelled by the differential equation
@ _ iP(11—2P), t>0, 0<P<55
at 22

where P, in thousands, is the population of meerkats and t is the time measured in years since the
study began.

Given that there were 1000 meerkats in the population when the study began,

(b) determine the time taken, in years, for this population of meerkats to double,
(6)
(c) show that

A
P= =

B+C e_Et
where A, B and C are integers to be found.
@)
(Total for Question 16 is 12 marks)
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Mark scheme

Question Scheme Marks AOs
16@ g L A, B BL | 1la
P(11-2P) P (11-2P)
. . 11 .
Substitutes either P =0 or P_E into M1 11b
1=A(11-2P)+BP = Aor B
2
1 %1+ it Al | 1.1b
P(l1-2P) P (11-2P)
®)
(b) Separates the variables
22 aP = |14t Bl 3.1a
P(11-2P)
. 2 4
Uses (a) and attempts to integrate —+—dP=t+c M1 1.1b
P (@1-2P)
2In P—2In(11—2P)=t+c Al 1.1b
Substitutes t=0,P=1=1t=0,P=1= c=(-2In9) M1 | 3.1a
Substitutes P=2=t=2In2+2In9-2In7 M1 3.1a
Time =1.89 years Al 3.2a
(6)
(©) Usesinlaws  2InP-2In(11-2P)=t-2In9
i[9 __1 ML | 21
11-2P) 2
: 9 “t
Makes 'P' the subject = =e?
11-2P
1
= 9P =(11-2P)e? ML | 21
lt —lt
:,pzf(ez J or :p:f(e j
Sp=— L A-11B=2C=9 .
900 2 Al 1.1
®3)
(12 marks)
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Notes:
(@)
Bl sets - A, B
PA1-2P) P (11-2P)

M1: Substitutes P=0 or P :% into 1= A11-2P)+BP = Aor B

Alternatively compares terms to set up and solve two simultaneous equations in A and B

2

Al: L = %1+ 41 or equivalent 1 1 + 2

P(11-2P) P (11-2P) P(11-2P) 11P 11(11-2P)

Note: The correct answer with no working scores all three marks.
(b)

: 22 .
B1:  Separates the variables to reach | —————dP = | 1dtor equivalent
P(11-2P)
A B
M1: Usespart(a)and | —+———dP=AInP£CIn(11-2P)
P (11-2P)

Al: Integrates both sides to form a correct equation including a 'c' Eg

2InP-2In(11-2P)=t+c
M1: Substitutest=0and P =1 to find ¢
M1: Substitutes P =2 to find t. This is dependent upon having scored both previous M's
Al: Time =1.89 years
(©
M1: Uses correct log laws to move from 2InP —2In (11—2P) =t+cC to In(11 PZPJ = %t +d

for their numerical 'c'

1
M1: Uses a correct method to get P in terms of 62
1
This can be achieved from In = lt +d= P —e? ‘ followed by cross
11-2P) 2 11-2P
multiplication and collection of terms in P (See scheme)
1
Alternatively uses a correct method to get P in terms of e 2 For example
1 + — —| 1t+d — Et+d —| 1t+d

__E__=e5d:31£—§2=e£2 ]::>E—2=e(2 J::>E=2+e(2 jfollowedby

11-2P P

division
Al:  Achieves the correct answer in the form required. P = 1 = A=11B=2,C=9 oe

1,
2

2+9e
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Student Response A

P=C A= = A- )[,(
&> AP L (PY/li-2p) - —
o Ak 22 < -
_ P= b P4tV AL
e a
— 6: Q P:(CO(/ 100 = ’/’f?_ IQQQ(,(, 200(;)1\0 fC
"= (COQ

- P=72000 2 0= 2, x2000 (=200 \vE oG

22

(2;?, = - ‘ECL%’O‘E + (OO0

£ 0245 4 €S

Examiner Comments:
Part (a)
A B

B1: Scored for setting ﬁ = 3+—(11_2p)

M1: Scored for setting either P=0 or P :% into 1= A(11-2P)+BP

AO0: The candidate does not write in partial fractions as requested.

Part (b)

BO: Variables are not separated.

MO: The candidate does not use part (a) and use a correct method to integrate.
AQ: Follows MO

MO: The candidate does not substitute t =0 and P =1 to find ¢

MO: Cannot be scored as the two previous M’s have not been awarded.

AO: Incorrect.

Part (c)

MO, MO, A0 Not attempted.
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Student Response B
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Examiner Comments:
Part (a)
. 1 A B
B1: Scored for setting PA1_2P) =5 +m
M1: Scored for finding A or B by comparing coefficients.
AO0: The candidate does not write in partial fractions as requested.
Part (b)
B1: For separating the variables.
M1: For using part (a) and using a correct method to integrate.
Al: For correct integration.
M1: For substituting t = 0 and P = 1 in order to find c
MO: The candidate substitutes P = 2 but uses an incorrect method to find t
AO: Incorrect.
Part (c)
MO: The candidate does not use correct In laws.
MO: Cannot be scored from such an attempt. Some correct In work must have been carried out.
AO: Incorrect.
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Student Response C
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@ Pearson

Examiner Comments:
Part (a)

1 A B

B1: Scored for setting PAI_2P) = F+m This can be implied either by the second line or

the answer line.
M1: Scored for finding A or B by comparing coefficients.
Al: Correct answer.
Part (b)
B1: For separating the variables.
M1: For using part (a) and using a correct method to integrate.
Al: For correct integration.
M1: For substitutingt=0and P = 1 in order to find k
L . kt P 1
This is implied when ke™ = 1-op k =112
M1: For substituting P = 2 and uses a correct method to find t
Al: For 1.89 years following correct work.
Part (c)
M1: For using correct In laws to (effectively scored in (b))

t
M1: The candidate uses a correct method to get P as a function of e?
AQO: Incorrect form of the answer.





