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General Marking Guidance

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

e Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than
penalised for omissions.

e Examiners should mark according to the mark scheme not
according to their perception of where the grade boundaries may
lie.

e There is no ceiling on achievement. All marks on the mark scheme
should be used appropriately.

e All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the
answer matches the mark scheme. Examiners should also be
prepared to award zero marks if the candidate’s response is not
worthy of credit according to the mark scheme.

e Where some judgement is required, mark schemes will provide
the principles by which marks will be awarded and
exemplification may be limited.

e When examiners are in doubt regarding the application of the
mark scheme to a candidate’s response, the team leader must be
consulted.

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



EDEXCEL GCE MATHEMATICS
General Instructions for Marking

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

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

3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark schemes.

e Dbod - benefit of doubt

o ft - follow through

e the symbol \A/Vi|| be used for correct ft

e (Cao - correct answer only

e ¢so - correct solution only. There must be no errors in this part of the question to
obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC:special case

e 0Oe - or equivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e % The answer is printed on the paper

. |:The second mark is dependent on gaining the first mark

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

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

6. Ignore wrong working or incorrect statements following a correct answer.

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



General Principles for Further Pure Mathematics Marking

(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:

1. Factorisation

(X% +bx+¢) = (x+ p)(x+0), wherépq|:|c|, leading to x=...

(& +bx+c) = (mx+ p)(nx+q), wherdpg|=|c| andmn|=|a , leading to x~=...

2. Formula

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

3. Completing the square
b 2
Solving x> +bx+c=0: (xizj +q+fc=0, q#0, leadingto x=...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (X" — X”_l)
2. Integration

Power of at least one term increased by 1. (X" — X”+1)

Use of a formula

Where a method involves using a formula that has been learnt, the advice
given in recent examiners'’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if
there are small errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by
implication from correct working with values but may be lost if there is any
mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer
is asked for, or working with surds is clearly required, marks will normally be
lost if the candidate resorts to using rounded decimals.
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Question Scheme Marks AOs
1 f(1)=a(1)’+10()* - (- 4 ( M1 | 3.1a
6-2a=0=a=.. M1 1.1b
a=3 Al 1.1b
)
(3 marks)
Notes

Main method seen:
M1: Attemptsf (1) = Oto set upanequation ima It is implied bya+10-3a—- 4= C
Condone a slip but attemptingf1) = Ois MO

M1: Solves a linear equation an.
Using the main method i$ dependent upon having set fl{= 0
It is implied by a solution oftra+10+ 3a+ 4= 0.
Don't beoncernedabout the mechanics of the solution.
Al: a= 3 (following correctwork)

Answers without working scores 0 marks. The method must be made clear. Candidategwas.
However if a candidate states for example, wherB, f(x) =3x®+10x" — 9— 4and shows thaftx—1)
is a factorof this f(x) by an allowable method, they should be awarded M1 M1 Al

E.g- 1:3% +10¢ - & 4= (x— J( &'+ 13+ }Hence a=3
E.g. 2:f(X) =3 +10x - x— 4, f(1)= 3+ 16- & 4 (Hencea=3

The solutions via this method must end with the valuaforscore the Al



Other methodare availableThey are more difficult to determine what the candidate is doing.

Please send to review if you are uncertain

It is important that a correct method is attempted so look at how the two M's are scored
Amongst others are

ax? (10+a)x 4 Alt (1) by inspection which may be seen in a ta
o ad (10+a)x? 4x
1 —ax? —(10+a)x -4

ax’ +10x* — 3ax— 4= (x— ])(ax2+ (10ra X+ A) and sets terms i equal
-3a=-(10+a)+ 4= Aa= 6= a= ¢

M1: This method is implied by @rrect equation, usually-3a=—-(10+a)+ 4

M1: Attempts to find the quadratfactorwhich must be of the formx’ + g(a)x+ 4and then forms
and solveslamearequation formed by linking the coefficients or terms in

ax’ +(+10+ a)x+ (10— 2)
Alt (2) By division: x—1> a¢ +10¢ - 3x- 4

ax® —ax®
(10+a)x* — 3ax
(10+a)x* - (10+a X

(-2a+10)x

M1: This method is implied by @rrect equation, usually-10+ 2a=-4

M1: Attempts to divide with quotient obX + (10t a)x+ h@)and then forms and solvedirear
equation ina formed byseting the remainder = 0



Question Scheme Marks AOs
2(a) f(x)=(x-2)" t... M1 | 1.2
f(x)=(x-2)"+1 Al | 1.1b

(2)
(b)() P=(0, 5) Bl | 1i1b
(b)) Q=(2,) Bift | 1.1b

(2)
(4 marks)

Notes
(a)

M1: Achieves(x—2)’ +...or states = 2
Al: Correct expressior{ Xx— 2)2 +1 ISW aftersight of this
Condonea = -2 andb = 1. Condone(x— 2)2 +1=0

(b)
(i) B1: Correct coordinatefer P. Allow to be expressead=0,y=5

(i) B1ft: Correct coordinate®r Q. Allow to be expressea =2, y =1 (Score for the correct answer or
follow through their part (a) so allow @, b) wherea andb are numeric)
Score in any order if they stai=(0, 5) and Q =(2, 1)

Allow part (b) to be awarded from a sketch. So award
First B1 from a sketch crossing the@xisat 5

Second B1 from a sketch with minimum(zﬁ, l)



Question Scheme Marks AOs
3(a) 24
=k 1Zu, k — :
u; Us k_12 M1 1.1b
24
U, +2U, +U;= 0=> 2+ 2(k—12)+k—k—12= C dMl | 1.1b
24
= 3k=22-— = 0= (k- 23(k- 13- 24
, Al | 21
= 3k°—36k— 2K+ 264 24 |
= 3k® - 58 + 240= 0’
3
b 40
() k =6, (?] M1 1.1b
k = 6 ask must be an integer Al 2.3
2
© (uy;=)10 Bl | 2.2a
1)
(6 marks)
Notes
(@) _
M1: Attemptsto apply the sequence formula oriceeitheruz or us.
Usually foru, = k—ﬁ 0.e. but could be awarded fay = k—_2—4
2 their "u, "

dM1: Award for
e atemping to apply the sequence formula to find bethand us
e using 2+2"u, %+ "u; "= 0= an equation ik . Theusmay have been incorrectly adapted
Al*: Fully correct work leading to the printed answer.
There must be

* (atleast) one correct intermediate line betwger2(k —12)+ k—% = ((o.e.) and the

given answer that shows how the fractions are "removed"(¥g.22)(k— 12— 24= (
e no errorsn the algebraThe = 0 may just appear at the answer line.

(b)
M1: Attempts to solve the quadratitich is implied by sight ok = 6.
This may be awarded for any of

* 3k®-58&+ 240=(ak=*c)(bk+d)= (whereab=3,cd = 240 followed byk =
e an attempt at the correct quadratic formula (or completing the square)
e a calculator solution giving at ledst 6
Al: Choosesk = 6 andgives a minimal reason
Examples of a minimal reason are
e 6 because itis an integer
e 6 because it is a whole number
e 6 becausef;—O or 13.3 is not an integer
(©)

B1: Deduces the correct valoéu,.



Question Scheme Marks AOs
4(a) f'(x)=2x+ 4x— 4 M1 1.1b
2x?> —4x+ 5 Al 1.1b
4x— 4
2x3 — 4x? + 7Tx— 2= 0* Al* 2.1
(4)
b .
® 1 X, =%(2+4(o.:92- 10%) M1 | 1.1b
X, =0.3294 Al 1.1b
(i) X, = 0.339¢ Al 1.1b
(3)
(c) h(x)=2- 4"+ - 2
M1 3.1a
h(0.3415 = 0.00366... (h 0.34@5— 0.001%
States:
e thereis a change of sign
o f'(X) is continuous Al 24
o o=0.3411t0 3dp
(2
(9 marks)

Notes




(a)
M1: Differentiatesln(Zx2 —4x+ 5) to obtainsz)Swhere gK) could be 1
+

2X° —4x
AL For f/(x)=2x+ —X"4
2X°—4x+5
dM1: Sets their {x) = ax+%= Oand usescorrect” algebra condoning slips, to obtain a
X5 — 4X+

cubicequation. E.g Look foax(2x2 —4X+ S)i gk )= Co.e., condoning slips, followed by some

attempt to simplify
Al*: Achieves2x® — 4x?* + 7x— 2= Cwith no errors. (The dM1 mark must have been awarded)

(b)(¥)

M1: Attempts to use the iterative formula with= 0.3. If no method is shown award fot, = awrt 0.3¢

1153.
Al: x, = awrt 0.329«Note that—53 Is correct

3500
Condone an incorrestffix if it is clear that a correct value has been found
(b)(ii)
Al: x, = awrt 0.339¢ Condone an incorrect suffix if it is clear that a correct value has been found

(©)
M1: Attempts to substitute = 0.3415 and = 0.3405 into a suitable function and gets one value correct
(rounded or truncated to 1 sf)) is allowable to use a tighter interval that contairesroot 0.340762654

Examples of gitable functions are@x® — 4x? + 7x— 2 x—%(4x2— 2x3+ 2) andf '(x) as thishas been
found in part (aith f '(0.3405)= - 0.00067.., f '(0.3415)= (+) 0.0018

There must be sufficient evidence for the function, which woulidibexample,a statement such as
h(x)=2¢- 4x*+ 7 2 or sight of embedded values that imply the function, not just a value or values

even if both are correc€ondond(X) being mislabelled as f

h(0.3419=  0.3415- % 03416 x7 0.3415

Al: Requires
e both calculations correct (rounded or truncated to 1sf)
e a statement that theeis a change in sign and that the function is continuous
e aminimalconclusion e.gY’, provena = 0.341, root



Question Scheme Marks AOs

5(a) u, =£20000« 1.08=( § 2332¢ B1* | 1.1b
1)
(b) 20000« 1.08* > 6500 M1 | 1.1b
In(3.25
108> Bt (329
4 In(1.08
or e.g. M1 3.1b

113 13
1.08™ > =0 1> |09.os(zj

Yearl7 Al 3.2a
(3)
(c) 2000q - 1.0¥
= C( ) M1 3.4
1-1.08
Awrt (£) 915 000 Al 1.1b
2
(6 marks)
Notes

(@)

B1*: Uses a correct method $bow that the Profit in Year 3 will #23 328. Condone missing units
E.g.£20000< 1.08 or £20000< 108% 108¢

This may be obtained in two steps. Eigﬁx 20000= 160! followed by%x 21600= 172t with

the calculation 21600+ 1728 2332 seen.

Condone calculations seen&¥% of 20000 = 1600.

This is a show that question and the method must be seen.
It is not enough to state Year 1 = £21 600, Year 2 = £ 23 328



(b)

M1: Sds up an inequality aenequationthat will allow the problem to be solved
Allow for exampleN or nfor n— 1. So awarfor 20000x 1.08" > 6500,

20000« 1.08= 65000r 20000<( 108% ' > 6500amongst others.

Condonsslips on the 20 000 and 65 000 but the 1.08 st be correct
M1: Usesa correct strategyivolving logsin an attempto solve a type of equation or inequality of the
form seen abovét cannot be awarded from a sum formula
The equation/inequality mugtntain arindex of n— 1,N, n etc.
Again condoneslips on the 20 000 and 65 000 but additionally condamerror on the 1.08,
which may appear as8 for example

65000
E.0.20000< 1.08= 65008>n logl.G8 | = Nn=
g 9 ?5000
E.g.2000x 1.8 = 650068 1log2008n logl8 log650680Nn=

Al: Interprets their decimal value and gives the correct year nubar 17

The demand of the question dictates that solutions relying entirely on calculator technelogy a
acceptable BUT dlow a solution that appreciatascorrect term formulaor the entire set of
calculations where you may see the numbers as patiaoger list

E.g.Uses or implies the use pan acceptablealculation and finds val(s)

for M1: (n=16)= P = 20000 1.08 =awrt 634( or (n=17)= P = 20000 1.08 = awrt 685(

M1:(n=16)= P = 20000« 1.08 =awrt 634(and (n=17)= P= 20000« 1.08 = awrt 685(
Al: 17 years following correct method and both M's

(©)

M1: Attempts to us¢he model with aorrect sum formula to find the total profit for the 20 years.
You may see an attemyat find the sum of 20 termaa a list This is acceptable provided there are
20 terms withu =1.08xu_, seen at least 4 times and the sum attempted.
Condone a slip on the 20 000 (e.g appearing as 2 000) and/or a slip on theHhliO8eing the
same t" asin (b). Do not condone 20 appearing as 19 for instance

Al: awrt£915 000 but condone missing unit

The demand of the question dictates that all stages of working should be seen. An answer without
working scores MO A0



Question Scheme Marks AOs
6(a) AC—AB+BC=-3 -4 %+ +j +4 = .. M1 | 1.1b
=-2—3 -k Al 1.1b
(2)
(b) At least 2 of
(ACZ):"22+32+1 "(ABZ)z I+ £+ 52(BC 2): P+ B £ M1 1.1b
PP PP BBt B A~ ¥ 3 A 8 B % 4 caBC M1 3.1a
14= 50+ 18- 2/ 50/ 18 casBC
*
— cOSABC — 50+ 18- 14:_9* Al 2.1
2/50/18 10
(3
(b) Alternative
AB? =32+ 4°+ 5% BC?%= 12+ I’+ 4 M1 1.1b
BABC=(3+4+%K ) 4 +K )= 27=/ 3+ 4+ 8/ 1+ 1+ 2 coBC M1 | 3.la
27 9
27=+/50/18 co#BC = CcOABC=——o— = — Al* 21
J504/18 10
(5 marks)

Notes

(a)
M1: Attempts AC = AB+ BC
There must be attempt to add not subtract.
If no method shown it may be impliedtiwo correct components

-2 —2i
Al: Correct vector. Allow-2i —3 —k and | =3 | but not| —3;
-1 -1k

(b)
M1: Attempts to "square and addt at least 2f the 3 sides. Follow through on thehC

Look foran attempt at eithea® +b*+c¢” or va’ +b*+c”
M1: A correct attempt tapplya correctcosine rule to the given problem; Condatips on the lengths
of the sides but the sides must be in the correct position to findABGle
Al*: Correct completion with sufficient intermediate work to establish the priesalt
Condone different labelling, e.ABC <> @ as long as it is cleavhat is meant

It is OK to move from a correct cosine ruld = 50+ 18- 2/ 5@/ 18 ca8BC

2 2 2
. 54 (5\/5) +(3/E) —(\/ 149 9
via cosABC = ——— o0.e.such agosABC = t0 cosABC =—
2./50/18 2x5J2x 3/ 2 10
Alternative:

M1: Correct application of Pythagoras for siddsandBC or their squares
M1: Recognises the requirement for and applies the scalar product
Al*: Correct completion with sufficient intermediate work to establish the priesat



Question Scheme Marks AOs
7(2)() (x—5)2+(y+ 2)2: M1 1.1b
(5,-2) Al | 1.1b
(i) r="5"24"_2"2_11 M1 | 1.1b
r=3J2 Al | 1.1b
(4)
(b) y=3x+k= X2 +(3x+k)* —10¢+ 4 X+k)+ 1% ( vi | o1
= X+ 9%+ Bkx+ k?—10x+ 1X+ &+ 1E ( .
=10x +( &+ ) x+k*+ &+ 1k ( Al 1.1b
b?—4ac=0=>(6k+ 2" — 4 10«(k*+ &+ 1= | M1 | 3.1a
= 4k? +136 + 436= 0= k= .. M1 1.1b
k=-17+6J/5 Al 2.2a
5)
(9 marks)
Notes

(a@)(i)
M1: Attempts to complete the square by halving botlx and y terms

Award for sight of(x+ 5)2 (y= 2)2 = ... This mark can be implied by a centre of (15, +2).
Al: Correct coordinates. (Allow= 5,y =-2)
(a)(ii)
M1: Correct strategy for the radius or radiusor example award for = \/"J_r5"2+"i2"2—11
or an attempt such as(x—a)2 —-a’ +(y—b)2—b2+11: 0= (x—a)2+(y—b)2 =k=r?=k
Al: r =3J2. Do not accept for the Al eithar = +3J/2or V18
The Alcan be awarded following sign slips(@ — 2) so followingr?="+5"%+"+2"2-11

(b) Main method seen

M1: Substitutey = 3x + k into the given equatiofor their factorised version) amdakes progress by
attempting teexpandhe bracketsCondone lack of = 0

Al: Correct 3 term quadratic equation
The terms must be collected but this can be implied by carieandc

M1: Recognises the requirement to bde 4ac = 0 (or equivalentyvhere both andc are expressions
ink. It is dependent upon having attempted to subsitatdx + k into the given equation

M1: Solves 3TQ irk. See General Principles.
The3TQ ink must have been found as a result of attempt atdac ... 0

Al: Correct simplified values

Look carefully at the method used. It is possible to attempt this using gradients

(b) Alt 1 X2+ y?—10x+ 4y+ 11= 0= X+ 3/%— 16 %: I\A/\I]]_- filb
Sets%: 3 = x+3y+1= 0and combines with egtion for C
—5x2_50x+ 44= 0 or %%+ 29+ 1% ML | 3la
= X=.. Of y=..
x=25i59\/75, yz_l()J_r5 S/_S,k:y—3x:>k:... M1 | 1.1b
k=-17+6/5 Al | 2.2a




M1: Differentiates implicitlycondoningslipsbut must have twe(% 's coming from correderms
Al: Correctdifferentiation.
M1: Sets%: 3, makey or x the subject, substitutes back ift@and attempts to solve the resulting
X
guadratic irx ory.
M1: Uses at least one pair of coordinates latlodfind at least one value f&rlt is dependent upon
having attempted both M's

Al: Correct simplified values

(b) Alt 2 s s dy s M1 2.1
—10x+ 4y + 11= X —— 106 =
Xy A0 Ay = 05 X I o Al | 1.1b
Set5%=3 = X+ 3y+1= 0and combines with egtion forl
X
y=3X+K,x+3y=1 M1 3.1a
= X=... and y= ..interms ofk

_3k_1 k_3 2 2

X= e , X+ Yy -10x+ 4y+ 1= O=k= .. M1 1.1b
10 y 10 y Y

k=-17+6J5 Al | 2.2a

Very similar except it uses equation fanstead ofC in mark 3

M1 Al: Correct differentiation (See alt 1)

M1: Sets%: 3, makey or x the subject, substitutes back ihto obtainx andy in terms ofk
X

M1: Substitutes for andy into C and solves resulting 3TQ kn

Al: Correct simplified values

(b) Alt 3 y=3x+k=m=3=m =—% M1
1

y+2=—§(x—5) Al

2 2 1

(x=5)"+(y+2)" =18, y+ 2=—§(x— 3|
10 M1
:E(x—5)2:18:> X=..or=10(y+ 2)2:18:> y= ..
x:25i9\/_5, y:—10+_- 3/_5,k:y—3X:>k=... M1
5 5

k=-17+6J/5 Al

M1: Applies negative reciprocal rule to obtain gradient of radius
Al: Correct equation of radial line passing through the ceni@ of
M1: Solves simultaneously to findory

Alternatively solves'y = —% x—?l))" and y =3x+kto getx in terms ofk which they substitute in

X2 +(3x+ k)2 —-10x+ 4 X+k)+ 1% (to form an equation ik.

M1: Appliesk =y — X with at least one pair of values to fikd
Al: Correct simplified values



Question Scheme Marks AOs
8(a) A=1000 BL | 34
2000= 1000& or e = 2 M1 1.1b
e“=2=%=In2=k= .. M1 2.1
éllnz)t Al 3 3
N =1000e®> ’ or N =1000&"* '
(4)
(b) L2l
d—N=100(>< (1 In2 éS j or N _ 1000« 0.130%%
at 5 dt
N 1 1 N M1 3.1b
(—j =1000><(— In 2) e’ or (—j =1000x 0.139&'%*8
dt ). 5 dt ).
= awrt420 Al 1.1b
(2)
() 14{ Lin2lr EInZT
5006 "> _ 10008" or 500805 _ 10006 ML | 34
Correct method of getting a linear equatioin M1 51
E.g0.08I In2= In2 or1.4x"0.339T+ In2 "0.339" '
T =12.5hours Al 1.1b
3
(9 marks)
Notes
Mark as one complete question. Marks in (a) can be awarded from (b)

(a)

B1: Correct value oA for the model. Award if equation for model is of the foNn=1000¢"

M1: Uses the model to set up a correct equatidnAward for substitutingN = 2000t = £
following through on their value fok.

M1: Uses correctl work to solve an equation of the forse®™ = band obtain a value fdr

1
Al: Correctequation of model. Condone an ambiguadns- 1000&" unless followed bgomething
1

incorrect Watch for N =1000x 2‘"t which is also correct

(b)

M1: Differentiatesue! to pe* and substitutes= 8 (Condonex = 8 so long as you can see an attempt to
differentiatg

Al: For awrt 42Q2sf).

(©)

M1: Uses both models to set up an equatioh using their value fok, butalsoallow in terms ok
M1: Uses correct processing using Ins to obtdinesarequation inT (or t)

Al: Awrt 12.5

Answers to (b) and (c) appearing without working (i.e. from a calculator).

It is important hat candidates show sufficient working to make their methods clear.

(b) If candidate has for examplé =1000€"*%, and then writes dt= 8 (jj—l:l = awrt 42Caward both

marks. Just the answer from a correct model equation scate€dSC

(c) The first M1 should be seen E5§0e* °***" = 1000€>**
If the answeiT =12.5appearsvithout anyfurtherworking scoreSCM1 M1 AO



Question Scheme Marks AOs
o(a)i
@0 | 50x*+ 38+ 9= A(K+ J(+ R)+B( T 9+C( S+ B | | 40
=B=... or C=..
B=1andC=2 Al 1.1b
(a)(ii) E.gx=0x=0=9=2A+B+ 4L M1 21
= 9=2A+1+ 8= A= .. ’
A=0* Al* 1.1b
(4)
b)(i -2
(b)) ! 2:(5x+2)'2:22(1+§x)
(5x+2) 2
M1 3.1a
or
5x+2 =274+,
2-1 2
(1+ xj =1 2(4—xj —)(—ng M1 1.1b
-2
22(1+§x] E——5x+l5x2+... Al 1.1b
2 4 4 16
1 1 -1(-1-1) 2
—=(1-2 =1+ X+ ——2( X ‘
=29 (1-2x) + X+ 51 () M1 | 1.1b
1 2 1 5 75 ,
= Ox4— 2+ 4x+ &%+ ..
(5x+2) 1-2x 4 4 X e 2 A aml | 2.1
9,11 203,
_4 4x 16X Al 1.1b
By
(b)(in) |x|<E Bl 2.2a
5
(7)
(11 marks)
Notes

(a@)()
M1: Uses a correct identityand makes progress using an appropriate strategy (e.g.:s%b to find

avalue br B or C. May be implied by one correct value (cover up rule).

Al: Both values correct

(a)(ii)

M1: Uses an appropriate method to establish an equation conngetittyB andor C and uses their
values ofB andor C to find a suitable equation iA.

Amongst many different methods are:

Compare terms i = 50=—10A+ 2% which would be implied byp0=—10A+ 25 "2
Compare constant terms or substitite 0 = 9= 2A+ B+ 4C implied by 9 = 2A+ 1+ 4x 2
Al*: Fully correct proof with no errors.

Note: The second part igpaoof so it is important that a suitable proof/show that is seen.

Candidates who write down 3 equations followed by three answers (with no working) will
score M1 A1 MO AO



(b) (i)

M1: Applies the key steps of writin?SleLiz)2 as(5x+ 2)’2 and takes out a factor of?2o form an

expression of the fornibx+ 2)_2 =27 (1 *x)_zwhere *isnot1lor5
Alternatively uses direct expansion to obtairf 2 ...

M1: Correct attempt at the binomial expansior(bf *x)_2 up to the term ik’

Look for 1+(—2) *x+¢2(_3)* x° where * is not 5 or 1.

Condone sign slips and lack ofén term 3. ....
Alt Look for correct structure for"2and ¥ terms by direct expansion. See below

Al: For a fully correct expansiaof (2+ 5X)_2WhiCh may be unsimplifiedThis may have been
combined with theirB'

A direct expansion would look liké2+ 5x)72 =22+(-2 2°x 5(+¢2(_3) 2'x( )

2

M1: Correct attempt at the binomial expansior{bf 2x)_1
-1)(-2 :
Look forl+(-1) *X+L2()* x’where * is not 1
dM1: Fully correct strategy that is dependent on the previt® method marks.

There must be some attempt to use their valuBsoflC
Al: Correct expressioar correct values fgo, g andr.

(b)(ii)
. 2 2 2 2
B1: Correct range. Allow also othfarms, for exampleg < X< = or xe (_E’Ej

Do ot allow multiple answers here. The correct answer must be chosen if twersase offered



Question Scheme Marks AOs
10(8‘) 1-cosP+ sin? l—(1—28|ﬁ9)+ 2sirf coé
1+ cos @+ sin® 1 cos®+ SR
or M1 2.1
1-cosd+ sin@ t cos2+ sig2
1+cos@+ sin? 1+(2co§9— )+ 2sid cod
1—-cos?@+ sin? 1—(1— ZSII"F 9)4— 2sird coé b
1+ cosd + sin@_1+(2co§6’— :)+ 2si® cof Al 1.1
_ 2sif @+ 2sing cog  2sind(sind+ cod) a1 | 21
2cos 0+ 2si cod  2cay cOs €l :
_Sing _ x *
= oosd tanéd Al 1.1b
(4)
(b) 1-cos&+ S!Mk:BSin2x:> tanX= 3sing o.e M1 3.1a
1+ cos&+ sin&
= Sin2X— 3sin X cos®=
in2x( 1- k)=
= (1- 3cos ) AL 1.1b
= (sin2x=0) cosX:%
X =90 , &wrt35.3 , awrt 144.; Al | 1.1b
Al 2.1
(4)
(8 marks)

Notes




(a)

M1: Attempts to se a correct double angle formulae for bsithh29 and cos2) (seen once)
The application of the formula feaos 2 must be the one that cancels out the "1"
So look focos2) =1 — 2sirfd in the numerator @os?) = 2co$d — 1 in the denominator
Note thatcos® =cosd —sir’d may be useds well asusing co® +sirfd =1

Al 1—(1—28“’? (9)+ 2sirg co8 25in29_|_ 2sing cog

: or _

1+(2c0$0- 3+ 2si co8  2coS 6+ 2sird cof

dM1: Factorises numerator and denominator in order to demonstrate cancelling ofds#)

Al*: Fully correct proof with no errors.
. o ZSinHM sing 2sing
You must see an intermediate line of or or even
2 cos M cost 2cos)

Withhold this mark if you see, within the body of the proof,
e notational errors. E.gcos?d =1 — 2sirf or cos)” for cogd
e mixed variables. E.q:os® = 2co$x — 1

(b)

M1: Makes the connection with part (a) and writes the lhs ag tab@ndonex<«> 6 tan® = 3sin?

Al: Obtainscos X% = % 0.e.with X < 8. You may seesin’ x =%or cos x=% after use of double

angle formulae.
Al: Two "correct values Condone accuracy of awa0°, 3%, 148
Also condone radian values here. Look for 2 of awrt 0.62, 1.57, 2.53
Al: All correct(allow awrt)and no other values in range. Condone> @ if used consistently
Answers without working in (b): Just answers and no working score 0 marks.
If the first line is written out, i.etan 2x= 3sin X followed by all three correct answers scorédQ1



Question Scheme Marks AOs

11(a) h=0.5 Bl 1.1b
Az%x%{0.4805+ 1.9218 @ 0.839%6 1.2069 1.56P M1 | 1.1b
=241 Al 1.1b
3
(b) 2 > ¢ 2Inx M1 | 3.1a
[(Inx)" dx=x(Inx)* = [ xx & a1 | 11b
=x(In x)2—2_|.lnx dx:x(lnx)z—z(xlnx—_[d()
, , dM1 | 2.1
=x(Inx) —Zjlnx dx = x(Inx)"— 2x Inx+
4 2 2 4
J'Z(Inx) dx:[x(lnx) - 2xInx+ 2>(J2
=4(In4)’ - 2x 44+ 2 4-( 2 Iny- 2 2In2 2 | davii | 2.1
=4(2In2)°-16In2- 8 Z In¥+ 4In2
=14(In2)° - 12In 2+ ¢ Al | 1.1b
()
(8 marks)

Notes

(@)
B1: Correct strip width. May be implied b]%'/x%{} or %x{}
M1: Correct application of the trapezium rule.
Look for%><"h"{0.4805Jr 1.9218 @ 0.8396 1.2069 1.5@}3condoning slipsn the digits.

The bracketing must be correct but it is implied by awrt 2.41
Al: 2.41 only. This is not awrt

(b)

M1: Attempts parts the correct way round to achiewgin x)° - #[In x dx o.e.

May be unsimplified (see schem#yatch for candidates who know or Ieai"rin X dx=xInx—x

xIn x—x
X

(074

who may Writej(ln x)2 dX:I(InX)(HﬂX) dx Inx(xlx x) j
Al: Correct expressiowhich may be unsimfied
dM1: Attempts parts again {@nly condone coefficient errors) &zhieveax(In x)2 - pXInx+yx o.e.

ddM1: Applies the limits 4 and ® an expression of the formxx(ln x)2 + fxIn x+ yx, subtracts and

applies Id = 2In2 at least onceBoth M's must have been awarded
Al: Correct answer

It is possible to dq(ln x)2 dx via a sibstitutionu =1In x but it is very similar.

M1 Al, dMlzjuzeumzuzeﬂ-jm d=u? b Q% 2

ddM1: Applies appropriatemits andusedn 4 = 2In2 at least onct an expression of the form
u’e’ - Bué' +y ¢ Both M's must have been awarded



Question Scheme Marks AOs
12(a) H = ax® +bx+cC andx=0, H=3=H=ax’+bx+3 M1 | 3.3
H =ax®+bx+3 andx=120,H = 27= 27 14408+ 120+ M1 | 3.1b
or‘i‘j_szaxm:owhenx=9o:>180a+b:o Al | 1.1b
" :
H=ax’+bx+3 andx=120H = 27= 27 14408+ 120+
and
‘i'j—szax+b:owhenx:90:>180a+b: 0 dM1 | 3.1b
X
=a=..b=..
1 3
H=———x*4+2x+3 O0.e. :
300x + 5x+ Al 1.1b
(5
(b)(i) ( 1 > 3 j
X=90=H|=-—"-(90 +—=( 90+ 3= 30n
= 300( ) 5( 0 Bl 3.4
(B)(1) H =0:>—$x2+—35’x+3= 0= X=... M1 3.4
x=(-4.868...) 184.868.
Al 3.2a
= Xx=185(m)
3
(c) Examplesmust focus on why the model may not be appropriate
give values/situations where the model would break down: E|g.
e The ground is unlikely to be horizontal
e The ballis not a particle sbhas dimensions/size Bl 3.5b
e The ball is unlikely to travel in a vertical plane (as it will
spin)
e His not likely to be a quadratic functionxn
1)
(9 marks)
Notes

(@)

M1: Translates the problem into a suitable model andiise8 whenx = 0 to establiskc = 3
Condone witta=+1 so H =x* + bx+3 will score M1 but little else

M1: For a correct attempt asing one of the two other piecesf information within a quadratic model
Either usesH = 27 whenx = 120 (withc =3) to produce a linear equation connectrandb for

the modelOr differentiates and use%ﬂ = 0whenx = 90. Alternatives exist here, using the
X

symmetical nature of the curyeso they couldise x = b at vertexor use point (60, 27) or (180,3).

2a
Al: At least one correct equation connectirgndb. Rememberd” could have been set as negative
SO an equation such a&7= 1440@& 12D would be correct in these circumstances.

dM1: Fully correct strategy that useés= ax’ + bx+3with the two other pieces of informatiamorder

to establish the values bbth a and b for the model
Al: Correct equatiomot just the correct values afb andc. Award if seen in part (b
(b)(i)
B1: Correct height including the unitSAO
(b)(ii)
M1: UsesH = 0 and attempts to solve farUsual rules for quadratics.
Al: Discards the negative solution (may not be seen) and identifies awrt 185 m. Conkl@fie rars



Cc
(Bi: Candidateshould either refer to an isswith one of the four aspects of how the situation has been
modeled or give a situation where the model breaks down
e the ball has been modelled as a particle
e there may be tredsr other hazardsh the waythat would affect the motion
Condone answeilsvhere tle link to the model is not completely madech as
e the ball will spin
e ground is not flat
Do not accept answers which refer to the situation after it hits the ground (thishiahWwas modelled)
e the ball will bounce after hitting the ground
e it gives a negative height for some valuesxfor
Do not accept answers that do not refer to the model in question, or else give single word vagnse ans
e the height of tee may have been measured incorrectly
e "friction", "spin", "force'etc
e it does not take into account the weight of the ball
e it depends on how good the golfer is
e the shape of the ball will affect the motion
e you cannot hit a ball the same distance each time you hit it

The method using an alternative form of the equation can be scored in a very similar way.
The first M is for the completed square form of the quadratic showing a maximxmot

So award M1 forh= a(x 99)° cor H= a(90 x)’ c . Condone for this mark an equatieith

a=1 =H=(x-90)" +c orc=3 = H =a(x-90) + 3 but will score little else

Alt () H :a(x+b)2+c andx=90 atH = H =a(x- 9C)2+c M1 3.3
H =3 whenx = gr:> 3=810(a+cC M1 3.1b
Al 1.1b
H =27 whenx=120= 27= 90@+c
H =3 whenx=0=3=810(G+cC
and dM1 | 3.1b
H =27 whenx=120= 27= 90@+c
=a=..C=...
1 2
H= — 90)° 300.e .
306 % ) Al 1.1b
(5)
(b) x=90=H =0+ 30= 30n BlL |34
(1)
H =0= 0=——(x— 90 + 30= x= .. M1 | 3.4
300
= x=185(m) Al 3.2a
(2)

Note thatH = i(x 90)°  30is equivalent toH — —i(go— x)° + 30
300 300

Other versions using symmetry are also correct so please look carefullyeapalhses

E.g. Using a starting equation bf = a(x—60) (x—120)+b leads toH = 3—éo(x 60) (x 320) 27



Question Scheme Marks AOs

13 2 2 2

2 t°+5 4

(x-3) +y2:(t2+1_3j +(t2+1j M1 | 31a
(2-2%) +18° _4+8°+4°

SN v dM1 | 1.1b
4(t4+2tz+1) 4(t2+jl)2 .

o () Sl

(3)

M1: Attempts to substitute the given parametric forms into the Cartesian eqoiatienlhs of the
Cartesian equation. There may have been an (incorrect) attempt to multitiig ()XI{- 3)2 term.

dM1: Attempts to ombine(at least the lhg)sing correct processingto a single fractionmultiplies
outand collectderms on the numerator.
Al*: Fully correct proof showing all key steps

Question Scheme Marks AOs
Alt t?+5 5— X
X=——=xt?+x=t*+5=t?==—
t°+1 x-1
5-x
16| —= M1 3.1a
y= 4t :>y2_ 162 _ (x—l)
_t2 1 - 2 2 . 2
* (t +1) (5 X+1j
Xx-1

5-x
yzzle{x‘1j =16(5_Xj><[ (=) 1]2:>y2=(5—X)(X—J) dM1 | 1.1b

(5_x jz x—1 5— X+ X—
07X
x-1

y’=(5-x)(x-1) = y*= 6x-x*-5

= y?=4—(x-3)° or other intermediate step Al* | 2.1
= (x=3)" +y*=4*

©)

(3 marks)

Notes
M1: Adopts a correct strategy for eliminatintp obtain an equation in terms»oéndy only. See scheme.

Other methods exist which also lead to an appropriate equation. E.¢t us;(c}_/gi

dM1: Uses correct processing to eliminate the fracteonbstart to simplify
Al*: Fully correct proof showing all key steps



Question Scheme Marks AOs

14 dy 2+~/x— (x— 4)2x2 M1 51
2+f (2+Vx) AL | 1.1b
::2+\/;—(X—4)%X_% 2++/x—1/x+2x2 :2\/;+%x+2

(2+x) (2e%) (2] A

_ x+4/x+4 (2+\&)2 1
> Al 2.1

zf(2+f) 2/x( 2+/x) 2x

4

(4 marks)

Notes

M1: Attempts to use eorrect rule e.g. quotient or product (& chain) ndeachievehe following forms

a(2+\/§)—ﬂ(x—4)x’% 2
Quotient : 5 but be tolerant of attempts where (m-} &) has been
(2+ \/;)
incorrectly expanded Produz<:2+ \&)_1 +BX? (x- 4)( 2+ &)_2

2t(2+t)-(t*—4) , 1

t* -4 dy dy d ( ) 15

Alternatively witht =/x, y= e Vi v (2+t) XX with same rules
Al: Correct derivative in any form. Must be in terms of a single variable (which cotild be

M1: Following a correct attempt at differentiation, it is scored for myitngl both numerator and

denominator b)& and colleang termsto form a single fraction. It can albe scored fromu
%

2
For thet = /X, look for an attempt to simplifywx —1
(2+1) 2

Al: Correct expression showing all key steps with no errors or omissgrgmnust be seen at least once
X

Question Scheme Marks AOs
14 X_4 (Vx+2)(vx-2) 5 o ML | 2.1
=== VY= = X
Y=ok Y >+ JIx AL | 1.1b
dy__1 M1 | 1.1b
dx  2x Al 2.1
(4)
(4 marks)
Notes
M1: Attempts to uselifference of twasquaresCan also be scored using
—4 (t+2)(t-2)
R e A

Al: y:&—Z ory=t-2
M1: Attempts to differentiate an expression of the fo;m\/;+ b

Al: Correct expression showing all key steps with no errors or omissgrgmnust be seen at least once
X



Question Scheme Marks AOs
15()) n=1 2=8, 3= 3,(8> 3
n=2,3=27,3=9,(2% %
. M1 2.1
n=3, £=064, 3= 27,( 64 Zy
n=4, 5=125 3= 81( 125 §
Soifn<4,neN then o+ 17> 3 Al 2.4
&)
(i) Begins the proof by negating the statement.
" W : " M1 2.4
Letmbe odd " or "Assumm is not even
Setm=(2p=1) and attemptn® + 5= (p+ 1+ 5=... M1 2.1
=8p%+ 120° + 6p + 6 AND deducesven Al 2.2a
Completes proof which requires reasomd conclusion
e reason for B>+ 120? + 6p + 6 being even
e - Al 2.4
e acceptablestatement such as "this is a contradiction
so if m®+ 5is odd therm must beevert
(4)
(6 marks)
Notes

(i)
M1: A full and rigorous argument that ussdsof n =1, 2, 3 and 4 an attempto prove the given
result. Award for attempts at botim ¢ 1)*and 3 for ALL valueswith at leas6 of the 8 valuesorrect
There is no requirement to compare their sizes, for example staf/th&
Extra values, say= 0, may be ignored
Al: Completes the proof with no errors and an appropriate/allowable conclusion.
This requires
e all the valuedor n =1, 2, 3 and 4orrect Ignore other values
e all pairs compared correctly
e a minimal conclusion. Accept or hence proven for example
(i)
M1: Begins the proof by negating the statem8et scheme
This cannot be scored if the candidate attempteth odd and even
M1: For the key step in setting=2p+1 and attempting to expari@p + 1> + 5
Award for a 4 term cubic expression.
Al: Correctlyreaches2p + 1* + 5 = §° + 120? + 6p + 6 andstateseven
Alternatively reacheg2p — 1)2+ 5 = §3% — 120? + 6p + 4 andstateseven
Al: A full and complete argument that completes the contradiction.feefscheme.
(1) A reasonwhy the expressiong8 + 120° + 6p + 6 or §° — 120% + 6p + 4 is even
Acceptable reasons are
e all terms are even
e sight of a factorised expression E.Q28 120°+ 6p+ 4 = 2( 4% — 6p?> + 3p + 2)
(2) Acceptable concluding statement
Acceptableconcluding statements are
e "this is a contradiction, soif® + 5 is odd thermis even"
e "this is contradiction, so proven."
e "Soifm®+ 5is odd themmis even"
S.C If the candidate misinterprets the demand and does not use proof by contradictidasat sta

counter example to the statementrtf + 5 is odd them must be even” such as wh&h= 32 then they
can score special case mark B1



	 ''this is a contradiction, so if m3 + 5 is odd then  m is even''
	  ''this is contradiction, so proven.''

