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General Marking Guidance

e Allcandidates mustreceive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

e Markschemes should be applied positively. Candidates must be rewarded
forwhat they have shown they can doratherthan penalised foromissions.

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

e Thereisno ceiling onachievement. Allmarks onthe mark scheme should be
used appropriately.

e Allthe marks onthe 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’sresponseis not worthy of credit according to the mark scheme.

e Where somejudgementisrequired, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminers are in doubt regarding the application of the mark scheme
to acandidate’sresponse, the teamleader must be consulted.

e Crossedoutwork should be marked UNLESS the candidate hasreplaced it

with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks forthe paperis 75.

2. The Edexcel Mathematics mark schemes use the following types of marks:

¢ Mmarks: Method marks are awarded for ‘knowing a method and attempting to
applyit’, unless otherwise indicated.

e A marks: Accuracy marks canonly be awarded if the relevant method (M) marks
have been earned.

¢ B marksare unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.
3. Abbreviations

These are some of the traditional marking abbreviations that will appearin the mark
schemes and can be usedif you are using the annotation facility on ePEN:

e bod - benefit of doubt

ft - follow through
o thesymbol \fwillbe usedforcorrect ft
e Ccao-correctansweronly

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

e isw-ignore subsequentworking

e awrt-answerswhichroundto

e SC-specialcase

e Oe-orequivalent(andappropriate)
e d..ordep-dependent

e indep -independent

e dp-decimalplaces

e sf-significant figures

e 3k -Theansweris printed onthe paper orag- answer given

. E ord.. - The second markis dependent on gaining the first mark

4. AllAmarks are ‘correct answer only’ (cao), unless shown, forexample, as Al ft to
indicate that previous wrong working is to be followed through. After a misread



7.

however, the subsequent A marks affected are treated as A ft, but manifestly
absurd answers should never be awarded A marks.

Formisreading 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. If
you are using the annotation facility on ePEN, indicate this action by ‘MR’ in the body
of the script.

If a candidate makes more than one attempt at any question:

a) If allbutone attemptiscrossed out, mark the attempt whichis NOT crossed out.

b) If eitherall attempts are crossed out ornone are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct answer.



General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x+q), where |PQ| = |c| leadingtox=..
(ax® +bx +c) = (mx+ p)(nx +q), where|pq| = |c| and |mn| = |a| leadingtox = ...

2.Formula
Attempt to use correct formula (with values fora, b and c)
3. Completing the square

Solving x*> +bx+c=0: (xi%)ziqic, q#0 leadingtox=..

Method marks for differentiation and integration:
1. Differentiation

Power of atleast one term decreased by 1(x" — x" ")
2.Integration

Power of atleast one termincreased by 1(x" — x"*')

Use of a formula
Where a method involves using a formula that has been learnt, the advice giveninrecent
examiners’ reportsis that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to useit, evenif there are
small mistakes in the substitution of values.

Where the formulais 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, forexample, an exact answeris asked
for, orworking with surds is clearly required, marks will normally be lost if the candidate
resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give
details of what happensin particular cases. General policy is that if it could be done “in
your head”, detailed working would not be required. Most candidates do show working,
but there are occasional awkward cases and if the mark scheme does not cover this,
please contact yourteam leaderforadvice.



Question

hem Mark
Number SEnEmE ars
1 Assume there are positive numbers a and b such that 97a+ﬁ<12 Bl
a
Multiplies by ab = 94> + 4b> < 12ab M1
= 9a’ —12ab +4b* <0 = (3a—2b)" <0 Al
Square numbers cannot be negative, so we have a contradiction AT*
and hence, if aand b are positive real numbers, then 97“+4—b >12
a
(4
marks)

Condone < for < for the first 3 marks in this question

B1: Setsup the argument. It requires the following three aspects

e Wordssuchas ‘assume’ or‘let’
e ‘positive (real)numbers aand b’ orequivalent suchas a>0and b >0

. 9_“+ﬁ<12butcondone 9_“+@312
a b a
9a 4b

MT1: Multiplies PR 12 byabtoreach 9a* +4b*...12ab or 9a* —12ab + 4b>...0Where ...
a

canbe = oranyinequality.

2 2 2 2 2
Alternatives exist so 2¢_—12ab+4b”  9a” +4b" |, 5ng 9(gj —lz(gj+4...0 are
ab ab b b

all valid methods

Al: Reaches a point at which the contradiction can be proven. Examples of suitable
alternativesinclude

9a’ —12ab+4b* _ (34 ~2b)’

9a® —12ab +4b* <0 = (3a—2b)’ <0, <0 or
ab ab
2 3 2
9(%) —12(%) +4<0=> (f - 2) < 0 but condone attempts with < instead of <

A1*: CSO. Fully correct proof withreason and conclusion.
Look for all of the following

e Acorrectsetup
o correctalgebraleadingto (3a-2b)" <0 0.e.NOT (3a—2b)" <0




e acorrectstatementorreasoninthe correct place thatindicatesa
contradiction has beenreached. Forexample, ‘numbers are >0 when

squared’ or ‘but (3a—2b)° >0’ 0.e.

(3a—2bY’

ab

If the intermediate form isreached there must be some statement

about
abbeing >0 and (301—219)2 >0 (Note that stating > O would beincorrect)

e acorrectconclusionsuchas ‘hence %‘H@ >12 " ‘hence contradiction,

a
so proven’ if theinequality is restated you can condone the omission of a
and b being positive

Simply stating (3a—2b)2 >0 without any words like ‘but’ is insufficient. Stating ‘proven’

without stating areason such as thereis a ‘contradiction’ is also insufficient
A minimal acceptable proof would be;

Assume there are positive numbers a and b such that 9?“ + . 12

a

9a> +4b* <12ab = 9a* —12ab +4b> <0 = (3a—2b)’ <0

As (3a—2b)2 > (0, we have a contradiction. Hence proven



Question

Number Scheme Marks

2 J.lnx jx'zlnxdx——l x—‘[—x—dx M1A]

=i—llnx+_—l(+c) dMIAT
j lnzxdx={_—llnx—l} :(_—llne—lj—(_—llnl—l) ddM1
LoX X x| e e 1 1
—1-2 AT
(¥

(6)

MI1. Anapplication of integration by parts the right way around.
If the rule is quoted it must be correct. (A version appears in the formula
booklet)

1
Accept asevidence jx‘2 Inxdr=+4A4x"Inx+ Bjx“ X = dx o.e.

-1 -1

1
Al:  Acceptacorrectun-simplified application —x—llnx— %X}dx o.e

dMT: Dependent upon having scored the previous M mark.

ltisforreachingaform t4x ' Inx+Bx'o.e
Al:  Acompletely correctintegral.

For students who substitute inlimits look for = (e—l lnej—(l—l lnlj+|:x_}

ddM1: Dependent upon both previous M's.
Itis awarded for
e achievinganintegral of theform +4x" Inx+ Bx"'
e substitutinginlimits and subtracting either way around
e usingbothlne=1 &Inl1=0 and achieving an expression of the

form a + % which may be un-simplified. Note that anintermediate
€

expression of ——+1+ (which may be implied) leading to 1is fine for this mark
c €

Al : csoandcao:l—%or—zﬂCondonel+—%but1—%+cisAO
(]

c € (S



Note that you may see attempts at the integrationvia D & | methods. These are essentially

1 1
the same as via the main method. So still expect to see variations on —;lnx+ I—z dx
X

forthe M1, Al.

All stages of working must be seen (bold sentences), so there is an expectation that the
intermediate step is seen.

\ 1
If Iﬂdx == —lnx - —(+c) appears without any justification score this 1,0,1, 0 followed by

potentially 1,0



Question

Number Scheme Marks
. . dy ) dy Bl
Differentiateswrtx  3'In3+6—=23y" +3xy—
3 ;‘x 2y ydx E’M, Al
Substitutes (2, 3) AND rearranges to getd—y orviceversa
dx M1ALI,
:91n3+6d_y:2+lggz>d_y:9ln3—%:61n3—9:—9+1n729 Al
dx 2 dx dx 12 8 8
(7)
(7 marks)

B1: Differentiates 3* —3*In3 orequivalent suchas ¢*™* — ¢*"*In3

B1: Differentiates 6y — 6%

M1: Uses the product rule to differentiate 1 x y2.

d
Look for sight of py2 +quay p,q>0

Al. Acompletely correct differential. It need not be simplified.
Variations on thisinclude 3 In3dx+6dy =2 y*dx + 3xydy

Note that % =3" 1n3+6% =3y? +3xy% is AO unless thereislaterrecovery to

the correct answer

M1: Substitutes x =2, y =3 into their expression to find a ‘numerical’ value for &

The expression must contain only two % terms, one from differentiating 6y, the

other from differentiating :xy?

Alternatively rearrangesto find % and substitutesinx =2, y=3 FYlacorrect % is

3*In3-1.5)"
3xy—6

Condone slips (e.g. sign and coefficient slips) when rearranging or simplifying under

this method.

dy _ 9In3 -2
& 12
So, the denominatorforinstance must not be left as (18 — 6)

Al: Any correct numerical answere.g.

2 which must be partially simplified.




Al: Exactansweronly andinthe required form.

The order of the terms on the numeratoris notimportant so accept In729-9

ISW after a correct answer



(IQ\ll:err?Ingn Scheme Marks
4 (a)
2)-3)
1 L 1 2 2 2 MI1AT
(129 —1+(—5j(—2x)+2—!(— 2x)
2+3x 3,
m—(2+3x)(l+x+5x +... dM1
=2+4+5x+6x" * Al*
(4)
1. . 2+3x
Sub x=—intoboth sides of — 2
(b) x== Nty 2+45x+6x M1
43
20 _ 453 dM1
“—=—=JI0=..
9 200 V1o
10
1359
10 =—=
V10 130 Al
(3)
(7 marks)

(a)

M1: Uses the binomial expansion with 5 = _%to achieve correct binomial coefficients for

terms 2 and 3 combined with the correct powers of x

Look for 1+ (— %j(*x) + m(*x)z

2

2)-)
or 1+(— %)(i2x)+ %(i 2x)2 condoning missing/invisible brackets.

If nointermediate formis seenaward for 1+ x+ = 2

[\

1
Al: Correct simplified orunsimplified expression for (1 - 2x)_5 :

The correct simplified form 1+x+%x2 scores M1, Al. Condone additional terms

dMT: Multiplies their binomial expansion by (2 +3x) . Itis dependent upon the previous M.
Note that this is a proof with a given answer so individual terms must be seen, and
notjust the simplified expansion

Look for 4 correct terms of the 5 for their (2+3x)(1+ax +bx’*+) = 2+ 2ax + 2bx” +3x +3ax” +...

Al*: 2 +5x+6x*> Correct answer only and it must follow all M1, Al, dM1.
There must be no extraterms



(b)

M1: Sub x = 21—0 into both sides of the given expression AND sets equal. Condone missing

brackets.
2+3><i 1 12
Soa||OW—2O=2+5><—+6><—
1 20 20
1-2x—
20

Itis acceptable to have partially simplified orindeed simplified expressions.

43
/0 453 4310 _ 453

/ 200 60 200

dMT1: For an allowable method of proceeding to an answer for {10 as a fraction
Examples of allowable methods are

e simplifying thelhsto

2
43410 245X b6 60
o and then multiplying their ( 20 20 by o e

o 43 1 1°
e simplifyingthelhsto 22 _o.e. andthendlwdlng_oebythelr 2+5><2—0+6><—

6410 20

1359 4300
Al: Accept JI0 =—20or J/10 = ——
P 430 1359



Question Scheme Marks
Number
d4 ~ d4 dr
n f — =, — = , — = 2
5. Oneo 790 & 27X T 187x B1
d4 =~ dA4a 14
Twoof —=—-, —== , — = 2
720 @ 27x . 187x Bl
d4d ~ d4 14
All thr f 22 22 & 2
eeo T°-20 & 27X e 187x B1
Main
Full attempt to find %
g d—V—d—ngxg—ISﬂ'xzx 22 "
“dr dx T d4T dr 27x 20
. dr drv 1 9
Finds —atx=2 - = 2 2 7
57 X = P 1872 XSO 107[ dM1Al
(6 marks)
Note that the M1 may be foundin two steps:
: dx d4 d4 dx dv  dV dx
E.g.lFinds — from =2 _ =2, 2 followedby — = — x—
9 dt dr  de  dr Y~ @
E.gliFinds ¥ from ¥ _ 4 H ¢oowed by & -4, 4
d4 dx d4 dx de d4 dt
d4
Alt T =20 Bl
3 1
V:67rx3,A:7zx2:>V:6ﬂ'(£)2 d—V:9(ﬁ)2 B1, Bl
T dA /4
1
d_V_d_VX%:d_V_g(é)le
dt —d4"dr — dr ~ \xz) 20 M
x=2=A=4r arf _9 dMIAT
dr lu=ar 10
(6 marks)
Main method:

Condone the use of other letters such as S for Aorrforx

Ignore any reference to units
The marks have now changed in this question to B1, B1, B1, M1, dM1, Al

d4d ~ d4 dV

Bl: Statesorusesoneof —=—, =27x, — =187x>
de 20

dx
B1l: Statesorusestwo of %:1, %:2“, d—V:187zx2

dx
=£, %:ch, d—V=187zx2

B1: States oruses all three of
de 20 dx

Note that the circumference of the circle is 27zx. You should not be awarding B1 for sight of

2rxunless you can see it set equal to, or implied equal to %




M1. Forafull attempt at finding CL—I; . There are many ways to do thisincluding

. Inonestep:Usesd—V:d—Vx%x%withﬁzi,%szandd—V:qx2
dd dx d4 dr de 20 dx dx

e Intwosteps: Finds & from ¢ _ 44 dvyish 44 _ 7 jnqdd
dt dr dx dt de 20 dx
C dv drv dVv dx ... dV . dx
followed by finding — from — = — x— with — = gx? and their —
y 94 a dx o dr P df

Condone slips whenrearranging the chainrules but they must at least be correct to start
with.

. . , ¢ dd a :
Condone slips on the coefficients of x and x? of b and e respectively

If they state the chainrule 4 _ 4 & then make an algebraic error they may be awarded this
dr  dx dr

method mark
dMT1: Fora full attempt at finding the value of Cil_lz/ at x=2 ltisdependentupon

the previous M

Al: 272' orQ.91r or %n ...... ork=0.9etc

10
Alt method: Solution obtained directly via %

Bl: States oruses ¥4 - 7
dr 20

3
B1: Differentiates their y = g 42 — % — 742

1
dv A\2 dv 9 L
B1: Acorrect —:9(—) o.esuchas =L _ _~_ 4>
d4 d4 &

drv dr d4

. dv .
M1: For a full attempt at finding — using — = —x—.
P 9 T w

T

a A

To award this, candidates must be using u_r and — =r4?
de 20 d4

dM1: Finds the value of CL—Z/ at A=4r Itisdependentuponthe previousM

.9 18 ~
Al: E;z or0.91 or 2—072' ...... ork=0.9etc



(a)

B1:

M1: Attempts »? &

QISSHen Scheme Marks
Number
T
6.(a) X—Eza—g Bl
2. (.2 : 2
Jy dx—Jy adt-J(Zstt) 3cost(dt) M1
Uses sin2¢=2sintcost = [(4sinzcosr)’ 3cost dt dM]
(%)
Volume = Iﬂyzdx =48r I sin’¢ cos® ¢ dt Al
0
(4)
(b) uzsint:%zcost B]
/’cjsinzz‘cos3 tdt = kJ.u2 cos” ¢ du
:kjuz(l—sinzt)du:kIuZ(l—uz)du M1
35
uwoou
S
[
3 5 l
Volume = 48| 1 |" 177 ddMIAT
3 5 0 10
(5)
(9 marks)
3 V4

X:§:>a:€

. This may be seen as the top limit on the integral

dt

It will usually be seen within J.yz %dt — I(...sinZt)z (+) S cos rdt , but you can condone

bracketingissues and the loss of the integral signs as well as the dt

dM1: Uses sin2¢ = 2sinzcos within their answer to Iyz %dt - ﬁ_[sinztcos3 t dt

Note that the previous M mark must have been scored.

Condone sin® 2t — 2sin® tcos® t for this mark

The form of the answer is given so expect to see both the integral sign and the dt




a

Al: Volume = 487rjsin2zcos3 tdr.CSO
0

You can follow through ontheirvalue of a, 4 = % , but avalue (not necessarily correct)

must be present.
The form of the answeris given so any integrals should include dx’sand dt’s
correctly placed

(b) Using the substitution
du
cost

B1: States % =cost orequivalent. It canbe awarded forreplacing the dt by

M1: Substitutes fully using u =sin¢ producing anintegral justin terms of u. Accept

cos’ t =+1+sin’¢
So award for the form J_rkJ.u2 (£1+u* ) du

dMT: Multiplies out to form a polynomial expression of the form +au’ + bu* andintegrates
each term with correct powers for their expression

ddMT: All previous method marks must have been scoredin (b).
Itis forusing correct limits within a suitable expression

Itis forsubstituting B,o} into an acceptable expression and subtracting

either way around.

Alternatively, it is for substituting [%,0} into an acceptable expressionintif uisreplaced

by sint

177 517
Al: V=——o0esuchasy ="
4 10 4 30

(b) Otherwise
B1: Writes their & j sin®tcos’ tdr as k j sint(1—sin’ ¢ cos

M1: Multiplies out into aform that can beintegrated +...sin? fcosz +...sin* rcos ¢

allowing for cos” ¢ = +1 +sin” ¢

dMTI: Correctintegration. Look forthe form...sin® ¢ +...sin° ¢

ddMT: Dependent upon both previous M’s in part (b).



Scored for substituting [%,0} into an acceptable expressionint

177 517
Al: Vv =——o0esuchasyV ="
4 10 4 30



Question

Number Scheme Marks
7(a) 1 A B - 42-x)+B(@A-x) = A=..0or B=.. |M]
4-x)2-x) (4-x) (2-x)
1 1 . _1 1
A=—-—,B=— givin 2 2
Py MM T oty Al
[2]
dx 1
= _ _ >S0=>|—————dx = |k dt
©) g = FAmNEmx), 120 I (4-x)2-x) J
l1n(4— x)—lln(z— x)=kt (+c) M1, Al
2 2 B ’
_0 x- 1 1 1
{t—O,x—O:>} —In4——=In2=0+c{=>c=—In2 M1
2 2 2
L@ =L@y =+ 12— m[A=*) - o
2 2 I S n[4—2x) -
4-x 2k
4—2x © M
4 —x = 4™ —2xe®™ = 4 — 4e* = x — 2xe™”
4 — 4o dM1, AT*
= 4—462]“ = x(l—2ezkt) = X:m (*)
[6]
4 _ 460.2t 0t
(c) = | = 20 2¢ =3 M1
:>0.2t=1n% =t =awrt 2.03 Al
[2]
10 marks

(a)
M1: Forforming a correct identity leading to one value of A or B.
1 A B

Forexample, 111 A(2—-x) + B(4—x) from = +
(4-x)(2—x) (4-x) 2-x)

A=..or B=...
This would be implied using cover up rule and reaching one correct fraction
Al _~2 , 2 orany equivalent form. Itis not scored for just the values
4-x) 2—-x)

ISW after sight of a correct answer. It may be awarded in part (b)

(b)
MT1: Integratestotheform + Aln(4— x) £ uln(2—x), A#0, u#0
Note thatversionssuchas +AIn(8— 2x) + uIn(4—2 x), A=0, u=0 ARE correct

and finds at least one of




Al: Fully correctintegration of both left and right-hand side condoning a missing
constant of integration.

Look for %111(4— x) — %111(2— x) =kt 0.€.suchas 2—1k(1n(4— x) —In(2— x) )=

]

(4)

Note that you may see beingintegrated to —ln(8 2x)

1
Similarly, —— beingintegratedto —Eln(4 2x). These are both correct

(2—)

M1: Using both t=0 and x=0 in anintegrated equation containing a constant of integration and
finds the value of c. If the kis ‘moved’ to the LHS, c willbe foundinterms of k.
Itis dependent upon havingintegrated to aform equivalent to
+tAn(4—x) £ uln(2— x)=1(t) +c O.€e.

M1: Starting from an equation of the form + Aln(4— x) £ uln(2— x) =+kt + ¢, A, u, k, c # 0 O.€.
and applies a fully correct method to eliminate theirlogarithms. To score this
e thelnsmustbe correctly combined
e allexponential work must be correct at the point when the logarithms are removed
Forexample, in@— x) — In2— x) = & +In2=(4—x)— (22— x)=e " isMO

—x)

AND1n(4—x)—1n(2—x)=kt+ln2:>lni4;x)=kt+ln2:>(4—_xz 2 M]BUT( )—e’“+2isMO

- X) 2-x 2-x
There must be a constant of integration but it need not have been evaluated.
(See below for this type of solution)

dM1: Dependent on the previous M mark. A complete method of rearranging to make x
the subject. It can be awarded when the two termsin x are on one side of the equation
and the termsindependent of xare onthe other,
So, following the award of the previous mark, look for
e crossmultiplicationleading to two termsin xand two terms independent of x
e collectingtwo xterms one side of the equation and two terms independent of
xonthe other

There must be a constant of integration but it need not have been evaluated.
(See below for this type of solution)

A1*: CSO. Note that this is a given answer and all steps should be seen before awarding this
mark.



Condone aline where abracketismissede.g. In2—-x < 1n(2—x) aslongasitisreplacedin
subsequentlines

. . . ' 4 _ 4e2kt
If acandidatereaches x —2xe? — 4 — 42« itis acceptable tojust write down x = T
— 4€

. . 4eZkt _
However, 2xe? — x= 4e* —4 must proceed to the givenanswervia x =

Wo.e.such as
e —

(2e2k’ —1)x= 4’ —4 to score the Al*

Alt (b) and the order of scoring the marks
M1, Al: %111(4— X) — %111(2— )=kt +¢

In(4— x) —In(2— x) =2kt +C
(4— x) okt 4 C (4— x) —ere¢—— 3ZdMT]scored at this stage
2-x 2-x)

AS ezkt+C :ezkt % eC — Aezkt

(4— x)=(2— x)4e* = Axe®™ —x=24e*" MW scored at this stage

Aezkt _

Usesr=0,x=0 =244

= A=2 «— 2" Ml scored at this stage

(c)

M1: Substitutes x = 1 and k£ = 0.1into the given equationin part(c)and
proceedsto pe’ =g, pg>0

Al: Proceedsto awrt 2.03 (Note that M1 must have been awarded to award this mark)

Alternatives exist via 44 _2x = ¢2but essentially the same method applies
— zX

SC: Answers without (sufficient) working
= [here may e more space than you need.

® You should show sufficient working to make your methods clear. Answers without
working may not gain full credit.

ars

An answer of 2.03 with little or no valid working meriting the M1 mark can score SC 1,0



Clzsien Scheme Marks
Number
AandBarewherey=0s0
8(a) £ -9%=0=t(t*-9)=0=>¢r=3 (0and—3) M
Substitutes r=3 inx=3>+2x3=15B(15,0) AT*
B1
A=(3,0)
(3)
8(a) _1E. 2 3 Caf
ALT Usesanswerx=15: *+2t=15=¢=3 (-5H) M1
Substitutes ;=3 in y=f -9=27-27=0v B(15, 0) AT*
B1
A=(3,0)
(3)
d
5) dy %_3%—9
de  dx/  2t+2
Y
- Y dv 3-9 dy_9
titut = to =X = -z
Substitutes ¢ 3|nod)C S S w2 M1A1
.9 .
th Z with t t t t
Uses their 4W| (15,0) to produce tangent equation dMI AT
9x—-4y—-135=0
(4)
(c) Substitutes x = +2¢, y=¢>—9¢,intotheir 9x—4y-135=0
= 9(r* +21)-4( -9t)-135=0 M1
=4 —9¢* =54t +135=0
= (1> —61+9)(41+15)=0 dM1
15
t——T Al
105 1215
Coordinat fXxX —
oordinates o are[ T ” j dMI1Al
(5)
(12 marks)

(a)

MI: States # —9r=0 o.e.SUChas y =0 =¢=3

No working needs to be seen for solving the equation and other values may be present
including O and -3

AT*: Substitutes r =3 in x = #*> + 2¢ to show that the x coordinate of Bis 15 (and the y coordinate
isO)
Thiscanbestatede.g.sub =3 iNnx=¢ +2t= x=15
orelseyouneedsee someworkingsuchas 9+ 6, 3> +2x30.e



)

Itis a given answer so you must see evidence followed by a statement B=(15,0) o.e.
suchasB x=15,y=0

Sojuststating r =3 followed by x =15 and B =(15, O) will score M1, AO*

Bl: States 4=(3,0) (need not see working)

Alt (a)

MI1:Sets > +2t=15=1=3

Al*: Substitutes 1 =3 in y=f -9=27-27=0and makes acomment that B is on the x-axis
B1: States 4 =(3,0) (need not see working)

(b)
M1: Attempts to find the value of %at t=%3

d
)/dt _ Quadratic function

dx/  Linear function
Y

ort=-5, %must be attemptedyvia

Al: Achieves %: 9/4 following M1

dM1: Uses (15,0) with the value of their gradient found using a correct method to find an
equation

of the tangent.

It is dependent upon the previous M mark

Al: Achieves 9x—4y—135=0 oranyinteger multiple of this

(c)

M1: Substitutes x = +2¢, y =¢* —9¢ into their ox—4y-135=0 toformasimplified cubic
equationinjustt

dMT: Thisis dependent upon the previous M mark. Itis foran attempt at using a non-calculator
method to solve a cubic equationusing the factthat t =3 isaroot. So, look foran attempt to
divide their simplified cubic equation by (t - 3) or > —61+9

Al: Achieves ¢ = —%5 o.e. following correct cubic and correct factorisation. Look for prior

working of
o (7 —61+9)(4r+15) =0, whichmay ormay not be followed by (r —3)*(4r+15) =0
o (+—3)(4r +3r—45) =0 followed by a solution of the quadratic that could be viaa

calculator

Note that 4¢° —9r* =541 +135=0=> (1 —3)’ (4t +15) = 0is dMO, AO unless an explanation



is given alluding to the fact that 7 = 3is a double root, so (¢ —3)2 is afactor, and so
4% —9¢* — 54t +135=(t—3)’ (At +B) =0
givingA =4 and B =15 viainspection

dMT: Uses their value of t to find either the x ory co-ordinate of X.
Itis dependent upon the FIRST M only and achieving a correct value of t for their equation.
It canbeimplied by a ‘correct’ value
, 105 1215 ,
Al: Coordinates of Xare (E_6_4j or exact equivalent, forexample, x= 6.5625,

y=-18.984375

We are likely to see solutions without sight of the necessary steps required by the question
Solutions lacking necessary steps are scored as follows
Alternative 1; Via a simplified equationin t
Substitutes x=¢+2¢,y=¢-9¢,iNt09x -4y —-135=0
= 9(¢% +2¢)—4(£> —91)—135=0
=4 -9+ —54t+135=0=1=-3.75.

So,X = (105 _1215]
16° 64

ScoresSC1,0,0,1,1

M1: method shown

dMO: method not shown as presumably done via a calculator
AO: correctvalue for t but following dMO

dMT: For one correct coordinate (allowing either of (6.56,~18.98)to 2dp) asitimplies a

correct method

Al: For exact answer (@’_@]
167 64

Alternative 2; Scores SCO0, 0,0, 1,1
No simplified equationint
Substitutes x =/ +2¢, y=¢—9¢,iINt0 9x—4y—-135=0

= 9(r* +26)-4( -91)-135=0

=t=-3.75.
105 1215
SoX= (E_Ej but allow (6.56, —18.98)via this method

See Alternative 1for the award of the final two marks



Question

Scheme Marks
Number
9(a) A1, a,5), B(b,—1,3), I:r = —i —4j+ 6k+ A(2i + j—Kk)
Either 4:1=1 or B:1=3 M1
leadingto a=-3, b=5 Al, Al
(3)
(b) AB == £(('5i' - j+ 3k)~ (i ' 3j'+ 5K)); = 4i +2j- 2k M1, Al
(2)
4 1 3 -3
(c) R%@{3J[3J[ 0] or @{ 0] M1
2 5) (-3 3
4 (3
2 e 0
. -2) -3 dMi
cos CAB =
V@ +(2) +(=2) J3) +(0) +(-3)°
cosCAB = % - ? — CAB=30’ Al
(3)
(d) Area CAB = %@Jﬁsinsot =33 M1, AT
(2)
-1 2 9 -1 2 -7
(e) Forone of OD, = {4] +5[ 1} = [1] or OD, {4} - 3{ 1} = [7 M1, Al
6 -1 1 6 -1 9
-1 2 9
Forbothof OD, = | —4 +5( 1] = [1} and
6 -1 1
» N (7 M1, Al
oD, {4} - 3[ 11 = 7}
6 -1 9
(4)
(14 marks)

(a)

M1: Finds the value of 1 atAorBbutisimplied by acorrectvalue foraorb

Al: Atleast one of aorb correct
Al: Bothaand b correct

(b)

M1: Attempts to subtract the components either way around.




If no methodis shownitisimplied by two correct coordinates/components () for their A
and B

Al: Correct vector and with correct notation. Allow columnvector approach,so | 2

-2
4
isfinebut | 2j |isnot.
-2k
4 1
(c)M1: Attempts vector AC or CA by subtracting | =3 |and their | a |either way around.
2 5

Condone the coordinate form here, so (—3, 0, 3) forvectorAC.
If the method is not explicitly seen then award fortwo correct components (f.t. on their a)
dM1: Uses the scalar product of +48 and +4c¢ to find the value of cos CAB

To score this mark
e Bothvectors, ABand AC must have been attempted via subtraction

e Thescalarproduct must have beenattempted correctly
e The magnitudes of the vectors must have initially been attempted via a correct

method
Alternatively, the cosine rule could be used following the calculation of all three sides of

triangle ABC

Al: Correctly proceeds to CAB=30"or % radians. Note that cos CAB:—gfollowed by 150°

or 30 isAO

(d)
M1: Applies %‘EH%‘ sin'30" '. The magnitudes of the vectors must have been found using
acorrect method.
Forangles that haven’t exact trig ratios, some work must be seen orimplied. The demand is
foranexactvalue forthe area, soif cosCAB =k isfoundin part (c) then sinCAB = «/1—7
must be attempted here.
AT: 333 but must follow correct sides with angle CAB= 30°0r150°

(e) There are afewdifferent waysto achieve these coordinates solook carefully at what
has been attempted

The diagram may help interpret the method used. Note that 0,0,1,1is not possible

M1: A correct method to find one possible position of point D



Method 1. via the equation of |
Substitutes 1 =5ie. A=4; +(4,—-1,) OR 4 =-3ie. 1=1,-2(4,— 4,) into the equation of line
Method Il; viavector AB

5 4 1 —4
Attempts OB+AB=|'-1'|+| 2|= OR attempts OA+2xBA=|"-3"|+2x| 2 |=
3 -2 5 2

Amongst many other alternativesinclude 04+2x 48 and 04 —-2x 48 (Use handy diagram)

Method lll: Via modulus approach

-1 2
Letting OD = | 4| +4| 1| andusing (4D*)=4x(A4B*)
6 -1

gives (2 —2)" +(A—1) +(-A+1)" =4x'24'
Thisleadsto 60> =124 +6=96=A* -2 -15=0=> A =5,-3

The M’s can only be scoredif (4D*) = 4x(4B%)is applied with AD?and AB2found using the
sum of the differences squared. The resulting 1’s must then be substitutedinto

-1 2
OD = |-4|+] 1
6 -1

forthe M’s to be scored. Itis unlikely, under this method for1,1,0,0 to be scored.

Method |V:via anarea approach
Thisis similar to method Il except candidates start with

area ACD =%>< AC x AD xsin BAC =2 x"ans to (d)"

If the earlier parts of question are correct you should see

%xﬁx\/(zx—z)z+(x—1)2+(1—x)2 x%:2x3\/§ leadingto (21—2)" +(A—1)" +(1-21)" =96 as

before. Correct processing when forming the equationinlambda is expected via this method
As with method lll you should expect to see the squaring applied correctly and M’s are only

-1 2
awarded when the resulting )’s are substitutedinto 0D = | -4 | +4| 1
6 -1

Al: One correct coordinate, either D(9,1,1) or p'(—7, -7, 9) but condone the vector forms

M1: Acorrect method to find BOTH possible positions of point D.
Note that via method Il both values of Lare found when the equationis solved

Al: Both possible coordinates, D(9,1,1) and p'(-7, -7, 9) but condone the vector forms



Alternative route for(c) and (d)

Triangle ABC can be shown to be right angled at C via use of Pythagoras. This will only work if
they have the correct values of aandb.

Soas (x/ﬁ)z =(«/§)2 +(\/3)2 = Angle Cis 90°
J6

Hence angle A=invsin— = %which givesangle A=30°

J24
AND area ABC = %x\/ﬁxﬁﬁﬁ

Score(c)
M1: For 4C or ¢4 whichmay beimplied within an attempt at ‘Zj‘

M1. Proves angle Ais aright angle via Pythagoras’ Theorem and uses a correct trigonometric
identity (implied)

Al: Correct answer

Part (d)

M1: Use of %bh but it must follow a proof of angle Abeing aright angle

Al: Correct answer

Handy diagram )

S C(4.-3,2)

>

% w7



