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1. Two particles P and Q are moving in opposite directions along the same horizontal
straight line.
Particle P is moving due east and particle Q is moving due west.
Particle P has mass 2m and particle Q has mass 3m.
The particles collide directly.
Immediately before the collision, the speed of P is 4u and the speed of Q is u.

33
The magnitude of the impulse in the collision is ?mu

(a) Find the speed and direction of motion of P immediately after the collision.

€))

(b) Find the speed and direction of motion of O immediately after the collision.

&)

(Total for Question 1 is 6 marks)
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Figure 1

A plank 4B, of length 6 m and mass 4 kg, rests in equilibrium horizontally on two
supports at C and D, where AC =2m and DB = I m.

A brick of mass 2 kg rests on the plank at 4 and a brick of mass 3 kg rests on the plank
at B, as shown in Figure 1.

The plank is modelled as a uniform rod and all bricks are modelled as particles.
(a) Find the magnitude of the reaction exerted on the plank
(1) by the support at C,

(i1) by the support at D.

(6)
The 3 kg brick is now removed and replaced with a brick of mass x kg at B.
The plank remains horizontal and in equilibrium but the reactions on the plank at C and
at D now have equal magnitude.
(b) Find the value of x.
“4)

(Total for Question 2 is 10 marks)
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r

3. Two forces, F, and F,, act on a particle 4.

F,=(2i—-3j) Nand F, = (pi + gj) N, where p and ¢ are constants.
Given that the resultant of F, and F, is parallel to (i + 2j),

(a) show that2p —g+7=0
)

Given that ¢ = 11 and that the mass of 4 is 2kg, and that F, and F, are the only forces
acting on 4,

(b) find the magnitude of the acceleration of A4.
(3)

(Total for Question 3 is 10 marks)

J
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4. Ablock 4 of mass 9kg is released from rest from a point P which is a height # metres
above horizontal soft ground.

The block falls and strikes another block B of mass 1.5kg which is on the ground
vertically below P.

The speed of 4 immediately before it strikes B is Tms .
The blocks are modelled as particles.
(a) Find the value of 4.

2
Immediately after the impact the blocks move downwards together with the same speed
and both come to rest after sinking a vertical distance of 12 cm into the ground.
Assuming that the resistance offered by the ground has constant magnitude R newtons,
(b) find the value of R.
(7)

(Total for Question 4 is 9 marks)
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Figure 2
Two particles P and Q have masses 0.1 kg and 0.5 kg respectively.
The particles are attached to the ends of a light inextensible string.
Particle P is held at rest on a rough horizontal table.

The string lies along the table and passes over a small smooth pulley which is fixed to
the edge of the table.

Particle Q is at rest on a smooth plane which is inclined to the horizontal at an angle 8,
4

where tan 6 = 3

The string lies in the vertical plane which contains the pulley and a line of greatest slope

of the inclined plane, as shown in Figure 2.

Particle P is released from rest with the string taut.

During the first 0.5 s of the motion P does not reach the pulley and Q moves 0.75m
down the plane.

(a) Find the tension in the string during the first 0.5 s of the motion.

(6)

(b) Find the coefficient of friction between P and the table.
3)

(Total for Question 5 is 11 marks)

P87438A
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Figure 3
A washing line ABCD is fixed at the points 4 and D.

There are two heavy items of clothing hanging on the washing line, one fixed at B and
the other fixed at C.

The washing line is modelled as a light inextensible string, the item at B is modelled as
a particle of mass 3 kg and the item at C is modelled as a particle of mass Mkg.

) ) ) 3 ) .
The section AB makes an angle o with the horizontal, where tan = Z, the section BC is

12
horizontal and the section CD makes an angle £ with the horizontal, where tan :?, as

shown in Figure 3.

The system is in equilibrium.

(a) Find the tension in AB.

“4)
(b) Find the tension in BC.

3)
(c) Find the value of M.

(5)

(Total for Question 6 is 12 marks)
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7. Two trains, 4 and B, start together from rest, at time ¢ = 0, at a station and move along
parallel straight horizontal tracks.

Both trains come to rest at the next station after 180s.

. . .2
Train 4 moves with constant acceleration 5 ms  for 30 s, then moves at constant
speed for 120s and then moves with constant deceleration for the final 30s.

Train B moves with constant acceleration for 90 s and then moves with constant
deceleration for the final 90s.

(a) Sketch, on the same axes, the speed—time graphs for the motion of the two trains
between the two stations.

&)
(b) Find the acceleration of train B for the first half of its journey.

6))
(c) Find the times when the two trains are moving at the same speed.

“4)
(d) Find the distance between the trains 96s after they start.

3)

(Total for Question 7 is 17 marks)

TOTAL FOR PAPER IS 75 MARKS
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General Marking Guidance

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

e Markschemesshouldbe applied positively. Candidates must berewardedfor
what they have shown they can do ratherthan 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 Thereis 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 fullmarks if deserved, i.e. if the answermatches the mark
scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse is not worthy of credit according to the mark scheme.

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

e Whenexaminers areindoubtregardingthe application of the mark scheme to
acandidate’sresponse, the team leader must be consulted.

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



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks for the 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.
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 willappearin the
mark schemes and can be used if you are using the annotation facility on
ePEN.

e bod - benefit of doubt

o ft - follow through
o the |/ symbol will be used for correct ft

e Cao - correctanswer only

e CsO - correct solutiononly. There must be no errors in this part of the
question to obtain this mark

e isw - ignore subsequent working

e awrt - answers whichround to

e SC: special case

e Oe - orequivalent (and appropriate)
e d..ordep - dependent

e indep - independent

e dp decimal places

o sf significant figures

¢ Xk The answeris printed on the paper orag- answer given
Eord... The second markis dependent on gaining the first mark



. AllAmarks are ‘correct answer only’ (cao.), unless shown, forexample, as Al ft
toindicate that previous wrong working is to be followed through. Aftera
misread 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 acandidate makes more than one attempt at any question:

e Ifallbutone attemptis crossed out, mark the attempt whichis NOT
crossed out.

o If eitherallattempts 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 Mechanics Marking

(NB specific mark schemes may sometimes override these general principles)

Rules for M marks:

o correctnumberof terms

o dimensionally correct

o all terms that need resolving (i.e. multiplied by cos or sin) are
resolved

o onlytermsthat needresolving are resolved

o +/-errorsarecondoned

o sin/cosconfusionis condoned

Omission orextra ginaresolutionis anaccuracy errornot method error.
Omission of mass from aresolutionis amethod error.

Omission of alength from a moments equationis a method error.
Omission of units orincorrect units is not (usually) counted as an accuracy
error.

DMindicates a dependent method mark, i.e. one that can only be awarded
if a previous specified method mark(s) has been awarded.

Any numerical answer which comes fromuse of g = 9.8 shouldbe givenas a
decimalto2or 3 SF.

Use of g = 9.81should be penalised once per(complete) question.

o N.B. Over-accuracy or under-accuracy of correct answers should
only be penalised once per complete question. However,
premature approximation should be penalised every time it occurs.

Marks must be entered in the same order as they appear on the mark
scheme.

In all cases, if the candidate clearly labels their working under a particular
partof aquestioni.e.(a)or(b)or(c)..thenthat working canonly score marks
forthat part of the question.

Accept columnvectorsinall cases.

Misreads - if a misread does not alter the character of a question or
materially simplify it, deduct two from any A or B marks gained, bearing in
mind that after a misread, the subsequent A marks affected are treated as
Aft



Mechanics Abbreviations

M(A) Taking moments about A

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS Right hand side

LHS Left hand side



Question

Number Scheme Marks
IR “ S, —
33 — 33
I= T e P I =z mu 0
— m D E—— 3m
1 2
We<——>E
(a) Impulse-momentum equation for P M1
33 33
- ?mu=2m(vp—4u) or - ?mu:2m(—vp—4u) Al
(speedof P=) 0.7u due East Al
(3)
(b) Impulse-momentum equation for @ M1
33
?mu=3m(vQ——u) Al
(speedof Q=) 1.2u due East Al
(3)
[6]
Notes
Note: Parts (a) and (b) may be marked together. Allow part (b) to be answered
before part (a).
1(a)
M1 Form an equationto find v,.

Either

Form a dimensionally correct impulse-momentum equation for P (using
2m and 4u). Must attempt difference inmomenta. MO if g’s are included
on RHS. Condone sign errors.

Or

Form a dimensionally correct CLM equationin vo(m and u) only. Allow
consistent extra g’s and cancelled m’s and sign errors but masses and
velocities must be correctly paired. Condone sign errors.

Al A correct unsimplified equationin v, (mand u) only
CLM: 2m(4u) +3m(—u) = 2m(v,)+3m(1.2u)
Al Correct answer, both speed and direction. Direction must be stated,

notjust seen onadiagram. Fordirection, accept E (or ‘'unchanged’,
‘same’ or ‘continuesinits original direction’ or ‘towards Q’).

AQif only ‘to theright’ or ‘positive direction’




1(b)

M1

Form an equationto find v,
Either

Form a dimensionally correctimpulse-momentum equation for @
(using 3m and u). Must attempt difference inmomenta. MO if g’s are
included on RHS. Condone sign errors.

Or

Form a dimensionally correct CLM equationin vq(m and u) only. Allow
consistent extrag’s and cancelled m’s and sign errors but masses and
velocities must be correctly paired.

Al

Correctunsimplified equationin vq(m andu) only
CLM: 2m(4u) + 3m(—u) = 2m(0.7u) +3m(v,)

Al

Correct answer, both speed and direction. Direction must be stated,
not just seen on adiagram. For direction, accept E (or ‘reverses
direction’ or ‘opposite direction’ or ‘in the original direction of P’, ‘away
fromP’)

AQif only ‘to theright’ or ‘positive direction’ or ‘changed direction’




Question

Number Scheme Marks
2 R, Rp
A C‘ G TD B
(a) A . A
2: 2m > m 4 - > Im )
< Om »
(i) Form an equationto solve for Rc M1
Relevant equations
M(D): 3R.+(1x3g)=(2x4g)+(5x2g)
Vert: R.+R,=4g+2g+3g
M(C): 3R, +(2x2g)=(1x4g)+(4x3g) Al
M(A): 2R.+5R,=(3x4g)+(6x3g)
M(B): 4R.+1R,=(3x4g)+(6x2g)
M(G): 1R.+(3x3g)=2R,+(3x2g)
R.=49 (N) Al
(i) Form an equationto solve for Rp M1
Correct equation Al
R, =39 or 39.2 (N) Al
(6)
(b) R R
A C‘I G TD B
A lm 2m A
\i 2m » = < Im
2g 4g xg
+ 6m >
Moments equationin x with new Reaction forces Ml
M(B): 4R.+1R,=(3x4g)+(6x2g)
M(D): 3R.+(1xxg)=(2x4g)+(5x2g)
M(C): 3R, +(2x2g)=(I1x4g)+(4xxg) Al
M(A): 2R.+5R,=(3x4g)+(6xxg)
M(G): 1R.+(3xxg)=2R,+(3x2g)
Complete methodtofindxusing R. =R, dMT
x=3.6 Al
(4)
[10]
Notes
2(a) Note: mark parts (i) and (ii) together.

(i)




Form arelevant equationin Rc. Dimensionally correct and the correct
number of terms. A consistent missing g orincluding m with every

MI mass termis an A error. If solving simultaneous equationin Rc and Rp,
mark the first equation seen. If more than 2 equations are written, mark
the ones used.

Al Correctunsimplified equation

Al Correctreactionat Cseeninpart(a), accept 5g.

(i)

Form arelevant equationin Rp. Dimensionally correct and the correct
number of terms. A consistent missing g orincluding m with every

M1 mass termis an A error. If solving simultaneous equationin Rc and Rp,
mark the second equation seen. If more than 2 equations are written,
mark the ones used.

Al Correctunsimplified equation

Al Correctreactionat D seenin part(a), accept 4g.

2(b)
Form a moments equationinxand R. Condone re-using notation Rc

M1 and Rp
MO if a previous R value is used. If more than one moments equationis
used, award this mark for their best equation.

Al Correctunsimplified moments equation. If more than one moments
equationis used, award this mark for their best equation.

Dependent on previous method mark. Dimensionally correct
equationwith the correct terms. Complete method to find x. Must use
dMi Rc=Rpand a second equation. The second equation may be another
moments equation orvertical equilibrium.
Vert: R.+R,=4g+2g+xg
Al Correct answer oe, accept %

SC:Inpart (b) max mark M1A1dMIATif there is a complete method with
a consistent missing g in both equations or forincluding m with every
mass termin both equations.




o
QUESHeI Scheme Marks
Number
Resultant force with terms collected M
Qi=3j)+(pi+gj) =(p+2)i+(¢g-3)j
Use parallel vectorto form an equationinp and g only M1
p+2_ 1
3(a) -3 2 Al
4+2p=-3+¢q dMl
2p —-q+ 7=0 * Al*
(5)
g=11=p=2 BT
Find the resultant force with theirp
R=(p+2)i+(11-3)j (=4i+8j) Mi
Use of N2L with theirRor |R]
3(b) Either F=ma = 4i+8j=2a (a=2i+4j) M1
or |Fl=mla] = 4J§:2|a|
Correctuse of Pythagoras to find |a| or |R|
la| =22 +4  or  [R|=v4+8 "
(|a| =) J20 = 4.5 or better (ms™) Al
(5)
[10]
Notes
Accept column vectors throughout
3(a)
Find the resultant force (Fi+F,) and collect termsin the formR = ai + bj.
M1 May be implied by the components (p+2)and (¢—3)used correctlyin
working.
Use the parallel vectorto form a scalarequationin p and g only. For the
method mark, condone the reciprocal, p+§ = %
q-
Note:
Mi If using the multiplier approach, the markis awarded when the
equationisreducedto p and g only. However, MO if 1 =1
pr2=4 3=2(p+2)
- —3=
g-3=24 1 P
Al Correctequationinp and g only (accept any equivalent form)




Question

Number Scheme Marks
dM1 Dependent on both previous method marks. Complete and correct
method to obtain given answer.
Obtain the given answer from complete and correct working with no
errors and exact values. There must be at least one stage of working
. between theinitial equationin p and g only and the given answer.
Al Allow rearrangement but must equal zero. AO forunconventional
, (2+p)i (1)i
vector notation, eg =
(3+a)i (2)]
3(b)
B1 Correctvalue seen
M1 Use p ortheirp with g =11to find the resultant force as avector. Must
sumthe forces. MO if weightisincluded with resultant force.
Correctuse of N2L with their Ror |R|, must attempt (Fi= F,) only.
M1 Condone ginma ormaterm but MO if weightisincluded with the
resultant force. Allow with p or their p.
Correctuse of Pythagoras (must involve square and add) to find the
M1 magnitude of their acceleration or the magnitude of their resultant
force. Must have two non-zero components. MO if using just |Fy| or
|F2|. Allow with p or their p.
Al Correct answer from correct working. Accept any equivalent form eg

N




Question Scheme Marks
Number
Correctuse of suvat to form an equationin h only
7*=0"+2gh
4(a)
(h=)2.5 Al
(2)
Correctuse of CLM with common velocity afterimpact M1
Ix7=9v+1.5v (v=26) Al
Correctuse of suvat with theirvto form an equationinaonly | M1
4(b) 0’ =6"+2a(0.12)  (a=-150) Al
Correct use of N2L with their acceleration M
10.5¢—R=10.5 (-150) Al
R=1680 or 1700 Al
(7)
[9]
Notes

Note: only penalise use of 9.81once per whole question, only penalise over or
under accuracy once per whole question.

4(a)
M1 Use of suvat to formrelevant equation(s) to solve forh
Al Correct answer, must be positive and a decimal.
4(b)
M1 Use CLMto find the speed of the blocks afterimpact. Dimensionally
correct equation. Must have a common velocity afterimpact.
Al Correctunsimplified equationin one unknown
Correctuse of suvat to forman equationinaonly. Allow ta . Allow with
M1 theirvforthe method mark where vis a calculated value from CLM.
Condoneuse of 12 or1.2instead of 0.12. MO if usingu =7.
Al Correctunsimplified equationin +a only
MT Correctuse of N2L to form an equation in.R. Allow with a or their
calculated a forthe method mark but MO if a=+g
Al Correctunsimplified equationin R only.
Al Correct answer. Must be positive with 2sf or 3sf.
AOif g=9.8Tisusedunless already penalised in this question.
(b) ALT Notef You may see an energy approach forlast 5 marks (WMEQO2
candidate).
M1M1 Energy equation with all required terms present and no extra. Each

term must have the correct structure. Condone sign errors and 12.




KE + GPE =work done

%(10.5)62 +(10.5)g(0.12) =0.12R

Al

Al

Correct equation with at most one error
Correct equation

Al

1680 or1700, correct answer, 2 or 3 sf




Question

Number Scheme Marks
R a
T
F < %
0.1g
b}
)
3
5(a) Correct use of suvat to form an equationina only. M1
0.75= O+%a(0.5)2 Al
(@=)6 Al
Correctuse of N2L for @ M1
0.5gsin@—-T =0.5a Alft
(T=)0.92(N) Al
(6)
R=0.1g B1
5(b) | correctuse of N2L with P M1
Either P: T—-F=0.1(6)

Al

Orsystem: 0.5gsin@—F =(0.5+0.1)(6)
Useof F=uR forP, uxtheirR M1
4 =0.327 or 0.33 Al

(5)

[1]

Notes

Note: only penalise use of 9.81once per whole question, only penalise over/under
accuracy once per whole question.

3 (a)
Use of suvat to form sufficient equation(s) to form an equationin a only.
M1 If using more than one equation, award the method mark when an
equationinaonly hasbeenreached.
Al Correctequationinaonly
Al Correct acceleration




Correctuse of N2L for Q@ to forman equationinT(and a). Thereisno
need to substitute for the trig value or accelerationbut MO ifa=g.

il Dimensionally correct and correct terms. Condone sin/cos confusion
and sign errors. Including m with every mass termis an A error.
CorrectequationinT(no need toreplace trig). Maybe in a or follow

ATft .
through their calculated a.

Al Correctanswer, must be a decimal.

5(b) Note: If both surfaces are assumed to be rough, max possible mark B1
MOAO M1A0

Bl Correct expression for Rfor Pseen orimplied
Use of N2L horizontally for P or for the whole system (indicated by the
massinthe materm). Noneedtoreplace TorabutMOifa=g.If the

M equationis seenin earlierworking, it must be usedin (b) to earnthe
marks here. Dimensionally correct and correct terms. Condone sin/cos
confusion and sign errors. Including m with every mass termorginthe
matermisanAerror.

Al Correctunsimplified equation.

(Allow with their tension from part (a) if using N2L for P only)

M Use of F'=uR.MustbeusedwiththeirRforP, notsimply statedasa
formula.

Al u=0.3270r0.33 Must be adecimal with 2 or 3sf.




Question

Number Scheme Marks
Tse ‘rffﬁ'
Useof sina=2 or cosa=% or a=37 orbetter Bl
Vert equilibrium at B M1
6(a) Typsina =3g Al
T,=49 (N) Al
(4)
Horiz equilibrium at B Ml
T pcosa=Ty Al
6(b)
T, =390r392 (N) Al
)
Use equilibrium to form at least one equationin Tep Ml
Atleast one correct out of:
e HatC: T,cosf=T, (102cos f=T,..)
e VatC: T,sinf=Mg (102sin B =Mg) N
e Hsys: T,cosa=T, cosp (%TAB:IOZ(%))
6(c) o Vsys: T,sina+T,sinf=3g+Mg  (iT,+102(1)=3g+Mg)
Two correct equationsin Tep Al
Form an equationin Monly
Eg tanﬂ:% = 1_2:”Mg” dMi
TBC 5 TBC
(M=)9.6 Al
(®)
[12]

Note




Question
Number

Scheme Marks

Note: only penalise use of 9.81 once per whole question, only penalise over or
under accuracy once per whole question.

6(a)
Bl Either correct trig ratio for aseen anywhere orimplied.
Method to form an equationin Tas (and ) using equilibrium at B. Trig
M1 doesnot needtobereplaced. Including mwith a numerical mass term
isan A error. Dimensionally correct and condone sin/cos confusion.
Al Correctunsimplified equation, trig does not need to be replaced.
Al Correctanswer, accept 5g.
6(b)
Method to form an equationin Tsc (and ) using equilibrium at B. Trig
doesnotneedto bereplaced. Condonere-using the letterTinan
MI equation but MO if clearly assuming the same tension value in different
sections of the string. Including m with a numericalmasstermisan A
error. Dimensionally correct and condone sin/cos confusion.
Al Correctunsimplified equation, trig does not need to be replaced.
Al Correctanswer, accept4g.
6(c)
Method to form a dimensionally correct equationin Tep using
equilibrium at C or the whole system. Trig and tensions do not need to
be replaced. If more equations are listed, mark the two that are used.
M1 Relevant equations may be seenin earlier working but must be used
here to earnthe mark. Condone re-using the letter Tin an equation.
SC: Note that Tcp=101.92. If the answer to part (b) is 102 (or better) and
then102isused correctlyin(c) then all marks are available in part (c).
Al Atleast one correct unsimplified equation. Trig and tensions do not
needto bereplaced.
Al Two correct equations. Trig and tensions do not need to be replaced.
dM1 Dependent on previous method mark to form an equationin M only.
Must use at least one valid equation but dMO if Tep = Tag (g use Tep = 49)
48 .
Al Correct answer, accept 9.60 and ?8 since g cancels.




Question

Number Scheme Marks
BT
0 (trap)
tramn B
/\ -
(triangle
7(a) _ with 2
train A4 .
inters.)
0 90 1;0 180 B1
all figs
(3)
7(b) Using train A, method to find the distance or half distance M1
Forexample, area of trapezium or half trapezium or suvat
1
e —(180+120)20
(180+120) Al
. %(90+60)20
Combining with train B, complete method to find the M1
acceleration
Forexample, area of triangle or half area of triangle or suvat
e "500"=L0xry = p=10 o TV
2 3 90
. "3000"=1(180><V) _ poi0 7 AT ft
2 90
.« "1500"=Lq90?
2
(a —)E 0.37 orbetter Al
27 7
(5)
7(c) Methodtoformanequationint M1
"aﬂtl:"§x30" A'l ft
t,=54(s) or t,=126(s) Al
t,=54(s) and t,=126(s) Al
(4)
7(d)
Method to find maximum speed of train B
M

"a"x90 (=% = 33.3)




Complete method to find the distance moved by train B for
90,, t,, 96 or 84,, t,, 90

——_— 0, 100

' 27 7 3 ;
s:z'('u-i—v)z
_1 (100 280 M1
s—zx( 3 + Y )xﬁ

30 o0 96 150 180

Correct distance, forexample,

e Areaof trapezium/suvat %(%+@j6 (:2:1933)

9 Al
e suvat @x6—l(&J62 (:Lw=193.3j
3 2\ 27 3
Complete and correct method to fnd the required distance.
Forexample %—(6@0)
2[]- rain 4 : : dM-l
1500 i1zui 1380
30 é!u gs 150 180
22
= TO accept /73 orbetter(m) Al
(5)
[17]
Notes
7(a) |

B1 Shape of graph fortrain A: isosceles (approx.) trapezium, start and finish
on the horizontal axis.

Bl Shape of graph of train B: should be anisosceles (approx.) triangle. Must
start and finish on the horizontal axis. The graphs should intersect at two
points.

Bl All figures on the same horizontal axis: 30, 90,150, 180. Accept
equivalent delineators.

7(b)

M1 Complete method using train A to find the distance (or half the distance)
between the stations.

May use area of their graph but it must be a trapezium. The formula for

the area of a trapezium or a triangle must have the correct structure.

May use of suvat but MO if a =2 for 7 >30. May see 20 or their %x 30.
Al Correctunsimplified expression for the distance or half distance.




Mi

A complete method by combining with train B to find the required
acceleration.

Alft Correctunsimplified equationin a, follow through their distance.
Al Correct answer, accept 0.37 orbetter
7(c)
M1 Correct methodusing train Bto form an equationinarelevant time, t
Alft Correct expression, follow through their a and their 20
If using second half, with v=u +at, follow through theira, 20 and &
Al Atleast one correcttime
Al Both correct times
7(d)

Mi Method to find the maximum speed of train B. This may appearona
graph orinearlierworking. It must be usedin part (d) to earn the mark
here.

M1 Method to find the distance travelled by train Bin the ‘extra’ 6 seconds
Note: the method to find the area 'Eb« 1 [{100 280
of the additional trapezium leads EZ: *Tet [(T_ZO) " [T_ZD)] p
straight to the final answer Lo

1[40 100) (_ 220) -
——+— |6 |=— [
203 9 3 B
The final 4 marks are all available. % %
Al Correct distance, acceptrounded values in their working
1100 280 1
eg —(—+—j6 or —(33.3+31.1)6
20 3 9 2
dMi1 Dependent on both previous method marks. Complete method
comparing train A and train B distances to find the required distance.
Must use a correct method for calculating distances before subtraction.

Al Correctanswer, accept 73 or better. Accept more significant figures but
must be rounded correctly to their choice of s.f. Exact value is 73. 3

(d)

ALT1 For candidates who do not use the maximum speed and use the
distance from the end.

m: Complete methodto find the distance from the end point for train B.

Al s:O—l(—szw (:ﬁznoaéj

20 27 3
dMi1 Dependent on both previous method marks. Complete and correct

method comparing train A and train B distances to find the required

distance. Must use a correct method for calculating distances before

subtraction: 1380—%




Al

Correct answer, accept 73 or better. Accept more significant figures but
must be rounded correctly to their choice of s.f. Exact valueis 73. 3
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8m

Figure 1

Figure 1 shows a sketch of a beam 4B, with weight 240N and length 8 m.

The beam is held in equilibrium in a horizontal position by two vertical ropes.
The ropes are attached to the beam at the points C and D, where AC =2m
and DB = x metres.

The beam is modelled as a uniform rod and the ropes are modelled as
light inextensible strings.

The tension in the rope at D is 90N.

2
(a) Show that x = 3

The rope at C will break if its tension exceeds 183 N. The rope at D cannot break.
A package of weight I/ newtons is now attached to the beam at 4.
The beam remains horizontal and in equilibrium.

The package is modelled as a particle.
It is given that the rope at C does not break.

(b) Find the greatest possible value of .

&)
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Figure 2

Particle P of mass 7m and particle QO of mass 3m are moving in opposite directions
along the same straight line on a smooth horizontal surface. The particles
collide directly.

Immediately before the collision, the speed of P is ku and the speed of Q is u, as shown
in Figure 2.

Immediately after the collision, the speed of P is w and the speed of Q is 2w.

The direction of motion of Q is reversed by the collision.
The impulse received by Q in the collision has magnitude % mu.

(a) Find w in terms of u.

(&)

(b) Find the two possible values of k.
3

P 7 8 8 4 4 A 0 6 2 8




Question 2 continued

(Total for Question 2 is 8 marks)

4

7

Turn over »

o 7 2 8

A

7 8 8 4

P

O]



[In this question i and j are horizontal perpendicular unit vectors.]

A particle P of mass 2kg moves on a smooth horizontal surface under the action of two
forces F, and F,, where F = (-2i + 3j)N and F, = (4i + 2j)N.

(a) Find the acceleration of P.

3)
At time ¢ = 0, the velocity of P is (3i — 4j)ms™’
(b) Find the speed of P when ¢ = 3 seconds.

“)
An additional force, F, = (bi + cj)N, is applied to P.
The resultant of F,, F, and F, is equal to A(i + j)N, where / is a constant.
(¢) Show that b—c =3

3)
The resultant of F , F, and F, has magnitude 102 N.
(d) Find the two possible F, forces.

“4)
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4.

The point 4 is 10 m above horizontal ground.
At time ¢ = 0, a particle P is projected vertically upwards with speed Sms ' from A.
Particle P moves freely under gravity.

(a) Find the greatest height above 4 reached by P.

The point B is on the ground, vertically below A.

At time 7= 1 second, a particle Q is projected vertically upwards with speed 7ms "’
from B.

Particle O moves freely under gravity.

Particles P and Q collide at time ¢ = 7 seconds.

(b) Find the value of T.

(c) Find the speed of P at the instant immediately before the particles collide.

3

C))

2
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Figure 3

A box of mass 4kg is placed on a rough horizontal surface.

A force of magnitude P newtons, acting at 30° to the horizontal, is applied to the box,
as shown in Figure 3.

The coefficient of friction between the box and the surface is %
The box is modelled as a particle.

(a) Find the value of P when the box is on the point of sliding along the surface.

(6)
The value of P is now increased to 25 and the box moves along the surface.
Find
(b) the acceleration of the box,

)
(c) the speed of the box when it has moved 1.5m.

(2)

DDA A 0 c—.
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Figure 4

The point O lies on a straight horizontal road.
At time ¢ =0, a car leaves O and travels along the road.

The velocity-time graph in Figure 4 shows the velocity, vms ', of the car at time
t seconds for the first 35 seconds of its journey.

(a) Find
(i) the acceleration of the car for the period 0 <7< 10

(i1) the deceleration of the car for the period 30 < ¢ < 35

(2)
(b) Sketch an acceleration-time graph for the car for the period 0 < 7 < 35

(2)
(c) Find the distance travelled by the car for the period 0 < ¢ < 35

(2)
When ¢ =5, a motorcycle starts from rest at O.
The motorcycle travels along the same road as the car and in the same direction.
For the period 5 < ¢ < 20, the acceleration of the motorcycle is A ms , where 4 is a
positive constant.
The motorcycle catches up with the car when ¢ =20
(d) Find the value of 4.

“4)
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Figure 5
A block P of mass 2m is held at rest on a fixed rough plane.

5
The plane is inclined to the horizontal at an angle a, where tana = D

One end of a light inextensible string is attached to P.

The string is parallel to a line of greatest slope of the plane and passes over a smooth
light pulley which is fixed at the top of the plane.

The other end of the string is attached to a block O of mass 5m.

Block Q hangs vertically below the pulley, as shown in Figure 5.

The system is released from rest with the string taut and block P moves up the plane.

Immediately after the system is released, the tension in the string is 7" and the
acceleration of the blocks is a.

The blocks are modelled as particles and air resistance is ignored.

(a) Write down an equation of motion for Q.

(2)
The coefficient of friction between P and the plane is %
(b) Find T in terms of m and g.
(7
(c) State how the solution to part (b) uses the fact that the string is inextensible.
(1)
The magnitude of the force exerted on the pulley by the string is kmg.
(d) Find the value of k to 3 significant figures.
C))
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General Marking Guidance

e 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
forwhat 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 Thereis 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 fullmarksif deserved, i.e. if the answermatches the mark
scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse is not worthy of credit according to the mark scheme.

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

e Whenexaminersareindoubtregardingthe application of the mark scheme to
acandidate’sresponse, the team leader must be consulted.

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



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks for the paperis75.

2. The Edexcel Mathematics mark schemes use the following types of marks:
e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.
e A marks: Accuracy marks canonly be awarded if the relevant method (M)
marks have been earned.
e B marksare unconditional accuracy marks (independent of M marks)
e Marks should not be subdivided.

3. Abbreviations
These are some of the traditional marking abbreviations that willappearin the
mark schemes and can be used if you are using the annotation facility on ePEN.
e bod - benefit of doubt
o ft-followthrough
e the \/ symbolwill be used for correct ft
e Cao-correctansweronly
e CsoO -correctsolutiononly. There mustbe no errorsin this part of the
question to obtain this mark
e isw-ignore subsequent working
e awrt-answerswhichroundto
e SC:specialcase
e oOe-orequivalent(and appropriate)
e d..ordep-dependent
e indep-independent
e dp decimalplaces
o sf significant figures
e X Theansweris printed onthe paper orag- answer given
o[_ord..The second markis dependent on gaining the first mark



. AllAmarks are ‘correct answeronly’ (cao.), unless shown, forexample, as Al ft
to indicate that previous wrong working is to be followed through. Aftera
misread 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 acandidate makes more than one attempt at any question:

e |Ifallbutoneattemptiscrossed out, mark the attempt whichis NOT
crossed out.

e Ifeitherall 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 Mechanics Marking
(NB specific mark schemes may sometimes override these general principles)

e RulesforMmarks:

o correctnumberofterms

o dimensionally correct

o all terms that need resolving (i.e. multiplied by cos or sin) are
resolved

o onlytermsthat needresolving areresolved

o +/-errorsarecondoned

o sin/cosconfusionis condoned

e Omissionorextraginaresolutionisanaccuracy errornot method error.

e Omissionof mass fromaresolutionis amethod error.

e Omissionof alengthfromamoments equationis amethod error.

e Omission of units orincorrect units is not (usually) counted as an accuracy
error.

e DMindicatesadependentmethod mark,i.e.one that can only be awarded
if a previous specified method mark(s) has been awarded.

e Anynumerical answer which comes from use of g = 9.8 should be given as
adecimalto2or 3 SF.

e Useofg=9.81shouldbe penalised once per(complete) question.

o N.B. Over-accuracy or under-accuracy of correct answers should
only be penalised once per complete question. However,
premature approximation should be penalised every time it occurs.

e Marks must be entered in the same order as they appear on the mark
scheme.

e |Inall cases, if the candidate clearly labels their working under a particular
part of a question i.e. (a) or (b) or (c)..then that working can only score
marks for that part of the question.

e Acceptcolumnvectorsinall cases.

e Misreads - if a misread does not alter the character of a question or
materially simplify it, deduct two from any A or B marks gained, bearing in
mind that after a misread, the subsequent A marks affected are treated as
Aft



Mechanics Abbreviations

M(A) Taking moments about A

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS Right hand side

LHS Left hand side



Question
Number

Scheme

Marks

Notes

la

M(C)

M1

Or equivalent to form an equation
inxonly.

vert: 240 =T, +90

M(A4): 2T, +90(8—x)=240x4
M(D):(6—x)T, =240(4—x)
M(B): 6T, +90x =240x4
M(G):2T. =90(4—x)

with T, eliminated to give an
equationinxonly.

240><2:(6—x)><90

Al

Correctunsimplified equationin x
only.

Al*

Obtain given answer from correct
working, with at least one line of
intermediate working, e.g. after

240x2=(6-x)x90, if they use

M(C).
N.B.Need ‘x =’

[3]

1b

M(D)

M1

Or equivalent to form an equation
in Wonly.

MO if 183 is neverused, including
use of 182.

MO if 90 or150 is used.

N.B. Use of Wgis an A error.

vert: 240+ W =183+T,
M(A):2><183+TD><%=240><4
16
M(C):2W+TD><?=24O><2
M(B):6><183+TD><§=240><4+8W
10
M(G):2><183=TD><?+4W

with T, (=81) eliminated to give an
equationin Wonly.

240><Q+W><2=183><E
3 3 3

Al

Al

Unsimplified equationin W only
with at most one error




Correctunsimplified equationin
W only

W=)24

Al

Cao
N.B. Allow decimals (3.33,7.33
etc) inworking.

N.B. Allow use of T. <1830R

T ,, 183 for first 3 marks but must
have equality for the final Al.

[4]

(7)




Question
Number

Scheme

Marks

Notes

2a

either

or

ku H % u

w % % 2w

w 2w

N.B. Must be using
correct pairings of
masses and velocities
for allM marks in this
question.

Useof I =mv—mu forQ

Mi

Dimensionally correct
and subtractionseenor
implied. (They are
subtracting a negative,
so they could go direct
to “+”)

MO forimpulse-
momentum for P oruse
of mfor massif not
subsequently replaced.
Condone sign errors.

Al

Correctunsimplified
equationinuandw

Al

0.083u orbetter
N.B. Must be a single
decimal or fraction

[3]

2b

Use of I =mv—mu for P or
equivalent

M1

Use impulse-momentum
for P or CLM for one valid
option with theirw
substituted, which must
be a multiple of u but
could also containk’s if
they’ve used CLMin (a).
Allow anextrag
throughout the CLM
equationormcancelled
consistently. Condone
sign errors.




MO forimpulse-
momentum for Q or use
of mfor massif not
subsequently replaced.

EITHER: (see diagram)

2 12
or Tmku —3mu = Tmu + Gmu
12 12

OR: (see diagram)
Tmu_ Tm [l—(—ku)j
2 12

or
—Tmu 6mu

+
12 12

Tmku —3mu =

Alft

Correct unsimplified
equation for k but allow
uncancelled m’s.
Follow theirw

EITHER: % - __
12

Al

0.58 orbetter
(0.58333..)

N.B. % _7 must be
12

entered on ePEN for this
A mark.

Use of [ =mv—mu for P or
equivalent

M1

Use impulse-momentum
or CLM correctly for
second valid option with
their w substituted.-i.e.
the velocity of P should
have the opposite sign
to thatusedin their first
equation.

Allow anextrag
throughout the CLM.
equationormcancelled
consistently.

OR: =2
12

Al

0.42 orbetter
(0.41666..)

N.B. % — > mustbe
12

entered on ePEN for this
A mark.

[5]

(8)




Allow column vectors orijform for vectors throughout.

QLS Scheme Marks Notes
Number
3a Resultant force o
= (<21 +3j+4i+2§) = (2i+5) (N) B’ Seenorimplied
Correctuse of F=ma M1 Must have added the forces
Acceleration Al Isw if they find the
=(i+2.5§)(ms?) magnitude
[3]
3b v=(3i—4j)+3a M1 Useof v=u+at
v =(3i—4j)+3(i+2.5j) Alft Correct unsimplified
Follow theira
Use of Pythagoras Correct method to obtain
DM1 the speed, dependenton
M1
V| =6 +3.5* =6.95 (ms,,) 6.9 orbetter(6.94622.....)
Al Allow 19 oe
\/ 4
[4]
3c Resultant force i’sandj’s must be collected
. . B1 but can be unsimplified
=((2+b)i+(5+ N ’
(( )l ( C)J)( ) seenorimplied.
Correctuse of directionto
form equationinband c MO if they use a specific
only M1 numerical value for 4 or
e.g2+bh=5+c theyuse 2+h=—(5+c¢)
or 2+b=Aand 5+c=A with
A eliminated
b3 AT Obtain given answer from
= correct working
[3]
3d Use magnitude of resultant
to forman equationinb and | Ml Allow square roots
c
Correct unsimplified
200 = (24bY 4 (54 ¢V equationwith no square
(2+0) +(5+c) Alft roots. Follow their
resultant.
ioni e.g.
Formanequationinborc DMT g

only

200=2(5+c¢)  or200=2(2+b)’




dependent on M1

ALT1I:
Use magnitude of resultant | M1
to form equationin /
200= 1%+ 1’ Al
Use either A=100r A=-10 DM1 | Dependent on Ml
to find equationsinband c
2+b=10and 5+c=10
Or 2+b=—10and 5+c=-10
F, =(8i+5j)N AT Both forces, condone

F, =(-12i-15j)N

missing N’s.

[4]

N.B.Iftheygofor 2+5=10
and 5+c¢=10 toobtain

(8i+5j)N only, allow

M1AIMIAO for obtaining
one force.

(14)




Question

Scheme Marks Notes
Number
4a Correctuse of suvat to give an Complete method -
equationin honly M1 e.g. they may find
' the time (25/49) first
e.g. 0=5"-2gh
Al Correctunsimplified
) equationin honly
or 5=0-2gh
2or3sf
1.3 0r1.28
o (m) Al Noisw if they add 10.
[3]
4b Use suvat to form an expression M1
for the distance travelled by
either particleinterms of Tort.
1
e.g. +(5T—-—gT? Case1(P)
9 ( 2 el For Casel, allow
1 2 consistentuse of t
J_{7(T—1)—Eg(T—l) }Case](Q) forT
OR
1
J_{S(t +)——g(t+ 1)2} Case 2 (P)
2 .
. For Case 2, penalise
+(7¢ —Egtz) Case2(Q) incorrectuse of T
Use suvat to form a correct M1 N.B. MOMlonePENis
expression, in terms of the same not possible.
variable, for the distance
travelled by the other particle
104+5T L g72 =7(T 1)~ L g (T -1
280~ 28 Al Correctunsimplified
Or 10+5(H1)_%g(t+1)2 =7t_%gt2 equationin T or theirt
(T'=)1.9 or 1.86 Al 2o0r3sf

[4]

ALT1

Find position and velocity of Pat t
=1

10.1m above ground, moving
downwards at4.8 m s then:

J_r(4.8t+% gt”) (P) M1

J_r(7t—% o) (Q) M1




(4.81+%gt2)+(7t—%gt2) =10.1 Al

(T'=)1.9 or 1.86 Al

ALT 2

Find position and velocity of Q at
t=0:

11.9 m ‘below’ ground, moving
upwards at16.8 ms' then:

+(5T — % gT?) (P) M1

i(16.8T—% g (Q) M1

16.8T—%gT2 —(5t—%gT2)=21.9 Al

(T'=)1.9 or 1.86 Al 2or3sf
4c e.g. v=-5+gTorv=5-gT Complete method
Mi using suvat
andtheirT
MO forv=5+ gT
Speedof P = 13 or 13.2 (ms™) Al 2or3sf

Must be positive.

[2]

(9)




Question

Scheme Marks Notes
Number
ba % .
F %{j/
4g
Needrelevant terms.
Resolve horizontally Ml Condo.ne sm/co.s
confusion and sign
errors
Peos30°= F Al Corref:t unsimplified
equation
Needrelevant terms.
Resolve vertically Ml Condo.ne sm/co_s
confusion and sign
errors
Psin30°+ R = 4g Al Corres:t unsimplified
equation
P32, UseF=§R to obtain
2 3
DMI1 an equationin P only,
:P(l+ﬁj:4g dependent on
2 4 previous M marks
(P=)22or21.8 Al 2 or 3 sf
[6]
5b N.B. If they increase their value
of Pby 25, treatasan MRi.e.
they canscore all three M marks
in (b) and M1Alftin (c)if they get
v=4.70r4.74.
Ml Needrelevant terms.
Condone sin/cos
confusion and sign
Ao R=26.7 errors
255in30°+ R =4g ( ) MO if not using 25
and/oruses theirR
from (a)
N.B. MiforR=26.7
Needrelevant terms.
Condone sin/cos
confusion and sign
Equation of motion M1 errors

MO if not using 25
and/oruses 2/3RforF,
where Ris their R from

(a).




25¢c0s30°—F =4a

Al

Correct unsimplified
equation

25co0s30° —%(4g —25sin30°) = 4a

DMI

Use r = %R to obtain

an equationinaonly,
dependent on both
previous M marks

0.96 or 0.963 (ms’2)

Al

2 or3sf

[5]

5c

e.g. v’ =2xaxl.5

Mi

Complete method to
find an equationinv
only using theira
which must be
POSITIVEand not g

1.7 or 1.70 (ms’l)

Al
cso

2 or 3 sf

Beware of a ‘correct’
answer froman
incorrect value of a.

[2]

(13)




Question

Scheme Marks Notes
Number
6ai Acceleration = 3 (ms™) B1
i Decceleration = 6 (ms ™) B1 Must be positive
(-)6isBO
[2]
6b Give BOD for the
middle section.
’ B1ft
”””” - T, Any 2 horizontal lines
B1ft correct
¢ o 3 correct horizontal
lines and no other solid
lines, and 10, 30, 35, 3,
-6 marked. Condone
dotted vertical lines
N.B. Follow their
accelerations forone
+ve and one -ve.
[2]
6¢c Distance travelled M1 Or equivalent method
(20+35) for total distance
= wa
Or = Unsimplified
1 1 expression must be
5><10><30+(20x30)+5><5><30 correct for this mark
Or =%><3><102 +(2O><3O)+%><6><52
=825(m) Al Accept 830
[2]
6d Distance travelled by
1 2254
motorcycle=—x Ax15| = ——
2 2 MT Allow a forA.
1 Condone 20 for15
or —x15V
2
seen
Using equal distances travelled
bybothatt=20tosetupan M1 Condone 20 for15

equationin Aonly (i.e. mustalso
use V =15A if necessary)




2254 _ 1 10x30+10%30 Al Correct unsimplified
22 equationinaorAonly
20+10
Or: 2254 :( )><30
2 2
1 (20+10)
Or: EXISV: x30
and (V=)60=15A
(A=)4 Al

[4]

(10)




Question Scheme Marks Notes
Number
7
N.B. If m’s missing consistently,
can score max
(a)M1A0
(b)MIAOMIM1AODMOAO
(d)M1AIDMOADO.
Forinconsistent omission of
m’s, mark as per the
scheme.(Omissionof anmis an
M error)
7a Equation of motion for Q: M1 Need corre_ct terms.
Condone sign errors.
5mg —T =5ma Al Correct equation
[2]
7b ) Condone sine /cosine
Resolve perpendicular to the MT confusion
plane N.B. R =mgcosa isMO
R=2mgcosa Al Correctunsimplified.
F:éx2mgcosa M1 UseoszéR
Need correct terms.
Equation of motion for P: M1 Condone sign errors
and sin/cos confusion.
Correct equation.
T—F—2mgsina = 2ma Al Condc?ne combined
equation:
Smg—F —2mgsina =7ma
Solve for T, dependent
onfirstand third M
10mg —2T =10ma marks.
DM1 | N.B.DMOif they do not
5T —5mg =10ma "
use the 2 equations
that have earned
marks.
15
=28 Al Accept 2.1mg orbetter

7

[7]




7c

The acceleration of both blocks
/ particlesis the same.

Bl

Orequivalent.

N.B. Accept: ‘They
have the same
acceleration

but not ‘it (or the string)
has the same
acceleartion.’

BOif include additional
incorrect statement
e.g. same tension,
string won’t break

[1]

7d

Resolve to find force on pulley

Mi

Complete method to
obtain theresultant
force, allow sin/cos
confusion but must be
correct numerical angle
orcorrect interms of

(24

2Tcos(90 _aJ
2

Al

Correctunsimplified
expression

ALT

Use cosinerule to find force on
pulley

Mi

Complete method to
obtain the resultant
force.

Allow WITHOUT ROOT

JT? +T? =2xTx T cos(90° +ax)

Al

Correct unsimplified
expression WITHROOT
but must be correct
angle.

ALT

Use horizand vert components
and Pythagoras

Mi

Complete method to
obtain the resultant
force, allow sin/cos
confusion, Allow
WITHOUT ROOT

\/(TCOSO()Z +(T +Tsina)’

Al

Correctunsimplified
expression WITHROOT

N.B. ForALT1and 2, allow
without root sign, if they equate

itto (kmg)’ oe

Substitute for T and trig. and
solve for T, must take square
root when appropriate, and
must be a multiple of mg

DM1

Dependent onthe
previous M1




k=3.57 to 3sf

Al

904/13

3 sfonly [ o1

AO
3.57mgoeis AO

|

IS

[4]

(14)
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1 A particle of mass 4kg is moving with velocity (2i + 3j)ms71 when it receives an
impulse of (7i — 5j)Ns.

Find the speed of the particle immediately after receiving the impulse.

5)
(Total for Question 1 is 5 marks)

2 Three particles of masses m, 4m and km are placed at the points whose coordinates are
(-3, 2), (4, 3) and (6, —4) respectively.

The centre of mass of the three particles is at the point with coordinates (c, 0).

Find
(a) the value of £,

3)
(b) the value of c.

3)

(Total for Question 2 is 6 marks)
3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

At time ¢ seconds (¢ > 0) a particle P has position vector r metres, with respect to a
fixed origin O, where

r=(16t-30)i+( — £ +2)j

Find
(a) the velocity of P at the instant when it is moving parallel to the vector j,

3)
(b) the magnitude of the acceleration of P when ¢ =4

“4)

(Total for Question 3 is 9 marks)

2 P87439A



Q
-
Q

AL

Figure 1

The uniform plane lamina ABCDEF shown in Figure 1 is made from two
identical rhombuses.

Each rhombus has sides of length a and angle BAD = angle DAF = 6.
The centre of mass of the lamina is 0.9a from 4.

(a) Show that cosd=0.8

C))
The weight of the lamina is W.
A particle of weight kI is fixed to the lamina at the point A.
The lamina is freely suspended from B and hangs in equilibrium with DA horizontal.
(b) Find the value of £.
C))

(Total for Question 4 is 9 marks)

P87439A



70°
2m

30°

Figure 2

A uniform rod 4B has mass 6kg and length 2m. The end 4 of the rod rests against a
rough vertical wall.

One end of a light string is attached to the rod at B. The other end of the string is
attached to the wall at C, which is vertically above A.

The angle between the rod and the string is 30° and the angle between the rod and the
wall is 70°, as shown in Figure 2.

The rod is in a vertical plane perpendicular to the wall and rests in limiting equilibrium.

Find
(a) the tension in the string,

“4)
(b) the coefficient of friction between the rod and the wall,

(3)
(c) the direction of the force exerted on the rod by the wall at 4.

(2)

(Total for Question 5 is 11 marks)

P87439A



6. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A particle P moves on the x-axis.

At time ¢ seconds, t > 0

» the acceleration of P is (27 — 3)msﬁ2 in the positive x direction
« the velocity of P is vms ' in the positive x direction
Whent=3,v=2

(a) Find v in terms of 7.

4
The particle first comes to instantaneous rest at the point 4 and then comes to
instantaneous rest again at the point B.
(b) Find the distance 4B.

(6)

(Total for Question 6 is 10 marks)
7. A particle P is projected from a fixed point 4 with speed 12ms ' atan angle a above the
horizontal and moves freely under gravity.

As P passes through the point B on its path, P is moving with speed 8 ms ' atan angle f
below the horizontal.

(a) By using the principle of the conservation of mechanical energy, find the vertical
distance between 4 and B.

“4)
Particle P takes 1.5 seconds to travel from 4 to B.
(b) Find the size of angle a.

3)
(c) Find the size of angle p.

3)
(d) Find the length of time for which the speed of P is less than 8ms .

“4)

(Total for Question 7 is 14 marks)

P87439A



8. Three particles 4, B and C, each of mass m, lie at rest in a straight line L on a smooth
horizontal surface, with B between 4 and C.

Particles 4 and B are projected directly towards each other with speeds 5« and
4u respectively.

At the same instant, particle C is projected directly away from B with speed 3u.
In the subsequent motion, 4, B and C move along L.
Particles 4 and B collide directly.
The coefficient of restitution between 4 and B is e.
(a) Find
(1) the speed of 4 immediately after the collision,

(i1) the speed of B immediately after the collision.

(7
Given that the direction of motion of 4 is reversed in the collision between 4 and B,
and that there is no collision between B and C,
(b) find the set of possible values of e.

4)

(Total for Question 8 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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Question 1

Write the answer to Question 1 on these 2 pages
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Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 5 marks)
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Question 2

Werite the answer to Question 2 on these 2 pages
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Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 6 marks)

5
“mm NN 000 -
P 8 7 4 7 4 A 0 5 3 2 Turn over




7

Question 3

Werite the answer to Question 3 on these 4 pages
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Question 3 continued
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Question 4

Write the answer to Question 4 on these 4 pages
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Question 5

Werite the answer to Question 5 on these 4 pages
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Question 6

Write the answer to Question 6 on these 4 pages
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Question 7

Write the answer to Question 7 on these 4 pages
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Question 8

Write the answer to Question 8 on these 7 pages
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Question 8 continued

(Total for Question 8 is 11 marks)
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All candidates must receive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

Mark schemes should be applied positively. Candidates must be rewarded
forwhat they have shown they can do rather than penalised for omissions.
Examiners should mark according to the mark scheme not according to
their perception of where the grade boundaries may lie.

Thereis no ceiling on achievement. All marks on the mark scheme should
be used appropriately.

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

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

When examiners are in doubt regarding the application of the mark
scheme to a candidate’s response, the team leader must be consulted.
Crossed out work should be marked UNLESS the candidate hasreplaced it
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotal number of marks for the paperis 75.

2. The Edexcel Mathematics mark schemes use the following types of marks:
e 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.
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 appearin
the mark schemes and can be usedif you are using the annotation facility
on ePEN.

e bod -benefit of doubt

e ft-followthrough

e thesymbol fwill be usedforcorrect ft

e cao-correctansweronly

e CsoO -correctsolutiononly. There must be no errorsin this part of the
question to obtain this mark

e isw-ignore subsequent working

e awrt-answerswhichroundto

e SC:specialcase

e Oe-orequivalent(andappropriate)

e d..ordep-dependent

e indep -independent

e dp decimalplaces

o sf significant figures

e 3k Theansweris printed onthe paperorag- answer given

e [_ord..The second markis dependent on gaining the first mark



. AllAmarks are ‘correct answer only’ (cao.), unless shown, forexample, as Al
fttoindicate that previous wrong working is to be followed through. Aftera
misread 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 acandidate makes more than one attempt at any question:

e Ifallbutone attemptis crossedout, mark the attempt whichis NOT
crossedout.

e 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 Mechanics Marking

(N.B. specific mark schemes may sometimes override these general
principles)

e RulesforMmarks:

o correctnumberofterms

o dimensionally correct

o alltermsthat needresolving (i.e. multiplied by cos or sin) are
resolved

o onlytermsthat needresolving are resolved

o +/-errorsarecondoned

o sin/cosconfusionis condoned

e Omissionorextraginaresolutionisanaccuracy errornot method error.

e Omission of mass from aresolutionis a method error.

e Omission of alength from amoments equationis a method error.

e Omission of units orincorrect unitsis not (usually) counted as an
accuracy error.

e DMindicates adependent method mark,i.e. one thatcanonly be
awarded if a previous specified method mark(s) has been awarded.

e Anynumerical answerwhich comes fromuse of g = 9.8 should be given
asadecimalto 2 or 3 SF.

e Useof g=9.81shouldbe penalised once per(complete) question.

o N.B.Over-accuracy orunder-accuracy of correct answers
should only be penalised once per complete question. However,
premature approximation should be penalised every time it
OocCcCurs.

e Marks must be enteredinthe same order as they appear onthe mark
scheme.

e Inallcases,if the candidate clearly labels theirworking under a
particular part of a questioni.e. (a) or (b) or(c)..then that working can
only score marks for that part of the question.

e Acceptcolumnvectorsinall cases.



e Misreads - if amisread does not alter the character of aquestionor
materially simplify it, deduct two from any A or B marks gained, bearing
in mind that after a misread, the subsequent A marks affected are

treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS Right hand side

LHS Left hand side



SUESTE Scheme Marks
Number
1 Impulse-momentum equation M1
(7i—5j)=4v—4(2i+3j) Al
V= Ei+zj Al
4 4
=I5+ 7 M
Z%\/ﬁﬂ.l(ms*) Al
(5)
(5 marks)
Notes

N.B. Column vectors are acceptable throughout

Use of Impulse-Momentum principle, dimensionally correct, correct
M1 number of terms and must be a difference of momenta (condone
subtractionin wrong order)
Al Correct equationoe
Al Correctvelocity seen orimplied
Ml Use of Pythagoras’ ontheirv
Al Caofromacorrectv.4.1orbetter(4.138236...)




CULEE Scheme Marks
Number
2(a) Moments about x-axis M1
mx2+4mx3—kmx4=0 Al
k=35 Al
(3)
2(b) Moments about y-axis M1
mx—=3+4mx4+kmx6=(5+k)ymxc
mx—3+4mx4+3.5mx6=8.5mxc Alft
c=4 Al
(3)
(6 marks)
Notes
All terms needed and no extras. Must be dimensionally consistent (allow
(a) M1 : . ) o :
with gineachterm or consistent missingm). Condone sign errors.
Al Correctunsimplified equation. Allowin vector form.
Al oe
All terms needed and no extras (k does not need to be substituted). Must
(b) M1 be dimensionally consistent (allow with gin each term or consistent
missing m). Condone sign errors. Award if seenin part (a).
ATft Correctunsimplified equation with their value of k substituted. Award if
seeninpart(a). Allowinvectorform.
Al cao
Question

Number

Scheme Marks




3(a) Differentiaterw.r.t. t M1
dr
v=—=| (16=9¢")i+(3t* -2¢)j
V=S (16-0r )i (a2 A
Setsicomponent=0: 16-9/° =0 M
t= % " dM1
16 4 8
V=|3x—=2X—|j==]
)i .
(5)
3(b) Differentiatevw.r.t. t M1
(azi—jzj (—18¢)i+(6r-2)j Alft
Substitutest =4 and finds magnitude dMl
la| =~/72% +22% =4/5668 =75 (M s°?) Al
(4)
(92 marks)
Notes (N.B. Column vectors are acceptable throughout)
(@M1 Differentiatesrw.r.t. t: atleast one power decreasing by oneinbothiandj
components.
Al Correctvector
M1 Sets theiricomponent equal to zero.
dMT Solves fortand substitutes to find a velocity (or speed). Dependent on both
previous M marks.
Al Cao. Penalise extra solutions unless clearly discounted. Must be avector.
ISW if they go onto find a speed.
(b) M1 Differentiatesvw.r.t. t: atleast one power decreasing by oneinbothiandj
components.
Al Follow theirv providing bothiandjcomponents are non-zero.
Substitutes t =4 into theiracceleration and uses Pythagoras’ tofind a
DM1 . )
magnitude. Dependent on previous M mark
Al Cao. 75 orbetter(/75.28612...) from correct working.




Question

Scheme Marks
Number
4(a) Vertical distance fromAto Cis a+acos@ Bl
“Half the vertical height of the diagram”
Using the symmetry of the figure, the centres of mass of the M1
rhombuses lie on a straight line passing through the centre of
mass.
0.9a = l(a+acosé?) Al
2 Al
cos@=0.8 * Al*
(5)
Altl Distance from A to centre of rhombus =ac0s§ B1
“Moments using CoM of two rhombuses” M1
Taking moments about an axis through A parallel to FB
o o 0 o Al
Aacos—.cos—+ Ad.acos—cos— =21x0.9a
2 2 2 Al
cos9=2coszg—l=0.8 * Al*
(5)
Alt2 Distance from Ato centre of rhombus (= AX =) acosg B1
“Vertical height of CoM rhombus” l;
Using the symmetry of the figure,
the centres of mass of the
rhombuses lie on a straightline M1
passing through the centre of mass:
AY = AXcosg
2
A
acosgxcosg =0.9a Al
2 2 Al
c0s<9=2cosz§—1=0.8 * AT*
(5)
Alt3 Shape EFBC EDC FAB lamina
Mass/Are , . . ) 2
2a°sin @ a sin@cos@ | a sinfcosb 2a°sin @
a B1
CoM acos6’+£ a+3acos<9 gacosé’ 094
2 3 3
Moments equation (“Rectangle minus triangle plus triangle”) Ml




.- ( a) - (2 2 ) - Al
2a " sin@| acos@+— |—a sinfcosf@| —acosf@+a——acosf [|=2a sin@x09a
2 3 3 Al
cos@=0.8 * Al*
(5)
Alt4 Shape EDF & BCD AFD & ADB lamina
Mass/Area 2xla2 sin @ 2xlaz sin @ 2a’sin @
2 2 B]
CoM %a(1+cos9) %a(l+cos€) 0.9a
Moments equation (“two upper triangles and two lower M1
triangles”)
1 1 2 1
2><—a(1+cos6?)><—a2 sint9+2><—a(1+cosQ9)><—a2 sin@ = 2a’ sin @x 0.9 Al
3 2 3 2 Al
cosf#=0.8 * Al*
(5)
Alt5 AM =acos@ (where Misthe midpoint of BF) B1
“Midpoint of midpoints” M1
CoMlies at midpoint of DM
0.9a:acost9+l(a—acos¢9) Al
2 Al
cosf#=0.8 * Al*
(5)
Alté “Working out the heights and trigonometry”
C
e
______ onaf L
0.4a 0/// B
0.5a
0.5a
0/ 0.5a
A
0.4aseenorimplied B1
Use of line of centres of rhombuses and trigonometry M1
0.4a Al
cosf =
0.5a Al
cosf#=0.8 * Al*

(5)




4(b) Taking moments about B: M1
kW (acos@) =W (0.9a—acos6) Al
Al

1

k=—
2 Al
(4)
Alt Taking moments about A: Ml
0.9aW =(k+1)W xacosd=(k+1)x0.8aW Al
Al

1

=—
2 Al
(4)

(92 marks)
Notes

N.B. Be aware that candidates may have worked on a diagram on the question paper
and may use their own labelling.

(a) Bl a+acosf seen
M1 Use of the symmetry of the figure for the height. Condone sin/cos
confusion.
Al Unsimplified equation with at most one error.
Al Correctunsimplified equation.
Al* Obtains given answer from correct exact working.
Alt1 Bl May be marked on adiagram
Taking moments about an axis through A parallel to FB. Correct number of
Ml terms and dimensionally consistent. Condone sin/cos confusion. Any
correctratiosin place of A; may frequently see a2siné.
Al Unsimplified equation with at most one error.
0
Al Correctunsimplified equation. [cos25:0.9j
Al* Obtains given answer from correct exact working.
Alt2 B1 May be marked on a diagram
M1 Use of the symmetry of the figure for the height. Condone sin/cos
confusion.
Al Unsimplified equation with at most one error.
0
Al Correct unsimplified equation. (cos2 57 O.9J
Al* Obtains given answer from correct exact working.
Correct division of lamina with correct mass ratios
Alt3 Bl . L : :
Penalise errors in distance via the moments equation
M1 Moments equation about axis parallel to FB. Correct number of terms and

dimensionally consistent. Condone sin/cos confusion.




Al Unsimplified equation with at most one error.

Al Correctunsimplified equation.

Al* Obtains given answer from correct exact working.
Correct division of lamina with correct mass ratios

Alt4 Bl . L : :
Penalise errors in distance via the moments equation

M1 Moments equation about axis parallel to FB. Correct number of terms and
dimensionally consistent. Condone sin/cos confusion.

Al Unsimplified equation with at most one error.

Al Correctunsimplified equation.

Al* Obtains given answer from correct exact working.

Alt5 BT May be marked on adiagram

M1 Use of the symmetry of the figure for the height. Condone sin/cos
confusion.

Al Unsimplified equation with at most one error.

Al Correctunsimplified equation.

Al* Obtains given answer from correct exact working.

Alté Bl May be on a diagram (seen orimplied). Could be implied by use of O.1a.
Use of the symmetry of the figure: the CoMlies on alinejoining the centres

M1 : .
of the rhombuses. Condone sin/cos confusion.

Al Unsimplified equation with at most one error.

Al Correctunsimplified equation.

Al* Obtains given answer from correct exact working.

(b)M1 Moments about B. Must have both terms but condone sign errors and
sin/cos confusion.

Al Unsimplified equation with at most one error.

Al Correctunsimplified equation. (0.8kW=0.1W)

Al Cao
Moments about A and use of CoM on FB. Must have correct number of

Alt M1 . : )
terms but condone sign errors and sin/cos confusion.

Al Unsimplified equation with at most one error.

Al Correctunsimplified equation.

Al Cao
If a candidate does not specify the point about which they are taking

N.B. moments, do not condone a “mixed approach”. E.g. “ kW(a Ccos 9) =0.9alw”
isMO

Question

Number

Scheme Marks




5(a) Moments about A: MT
6g(x1)xsin70°="T'sin30°x2 ﬁ}
T=550r55.3(N) Al
(4)
5(b) Resolve horizontally: T'cos50°=R(=35.5) Bl
Resolve vertically: Ml
Tsin50°=6g+ F Al
Useof F = uR (6g—Tsin50° = ,uxTCOSSOO) M1
u=0.46 Al
(5)
5(c) _"R"
tan & 7D M1
(6 =) 65°tothe upward vertical oe (25° above the horizontal) Al
2)
(1T marks)
Notes
A complete method to find T. Moments equations must have the correct
(a)M1 number of terms and be dimensionally consistent (missing g is an A error).
Condone sin/cos confusion and sign errors; allowincorrect angles.
Al Unsimplified equation with at most one error.
Al Correctunsimplified equation.
Al 2 or 3 sfonly
Resolve horizontally. Tdoes not need to be substituted but ft theirvalue
(b) Bl ;
rom (a).
Resolve vertically: condone sign errors and sin/cos confusion but must
M1 N R
use 40°or50
Al Correct equation/ T does not need to be substituted but ft theirvalue
from (a).
Ml Use of F = uR. Must have found a value for FandR.
Al 0.46 orbetter(0.4638131241..)
N.B. Forthe first three marks if other methods attempted, e.g. resolve
parallel and perpendicularto rod ortake moments about B or C:
Alt Blforfirst correct equation seen
MI1Alforthe “best” second equation seen
N.B. M(B) 6g(x1)xsin70°= Rx2xcos70°+ F'x2xsin70°
Correctuse of trigonometry (E.g. tan = Rort ) with their numerical
(c)M1 F R
values (seen orimplied).
Correctangle and directionindicated (allow clear angle on a clear
Al diagram)

65° orbetter (65.11751087...) or 25° or better (24.88248913..)







UGN Scheme Marks
Number
6(a) Integrateaw.r.t. t M1
(v=)£* =3t (+c) Al
Substitutetoevaluatec: r=3,v=2 =c¢=2 M1
v=1>—3t+2 Al
(4)
6(b) v=0=t2-3t+2 (=(t-1D(t-2)) =>t=.. Ml
t=1,2 Al
2
_ 2_
S‘L (£ =3t+2)ds M1
2
:‘:lt3—§t2+2t} Alft
37 2 .
1, 3,3 1 3
=1 =(2) —=(2) +2(2) |-| =—=+2
HOREORECIEEREE] oM
Distance =% (m) Al
(6)
(10 marks)
Notes
(a) M1 Integrate the given expression for a. Must see both powersincrease by 1.
Al Correct expression. Condone missing +c.
Ml Use of givenvalues to find ¢ (or definite integral with values substituted)
Al Caoincluding “v="
(b) M1 Settheirv=0 andsolve fortto get two values.
Al Cao
M1 Integrate their v(must have at least two terms). At least two powers
increasing by 1.
Alft Condone without limits. Ft theirv(atleast two terms).
A correct method forthe required distance, E.g. use of theirvalues of t as
limits. Dependent on previous M.
dM1 Must see evidence of substitution: E.g. atleast %-%
1 2
MO forincorrect sums, E.g. jo dt‘l'jl dt
Al 0.17 orbetter(donot accepte.g. 0.166). Must be positive.




CULEE Scheme Marks
Number
7(a) Conservation of Energy: Ml
1 , 1 ) Al
2m><12 —2m><8 + mgh Al
(h=)4.1(m) Al
(4)
7(b) Vertical distance: M1
"4.1"=12sinax1.5—§x1.52 Alft
a=57° Al
(3)
7(c) Equationinaand gonly M1
Eg. Horizontally: Eg. Vertical and horizontal
12cosa =8cos f components:
¢ _12sina—-1.5g, 0.709 Alft
an f = D cosez (— . )
B=35° Al
(3)
7(d) Max height, T Timeswhenv=38 Timeswhenh=4.08 M1
2(1.5-T) T,-T T,-T dM1
T= 125:“ O=8sinﬂT—%gT2 4.08:12sinaT—%gT2 Alft
0.94(s) Al
(4)
(14 marks)
Notes
Energy equation with correct number of terms and dimensionally correct
(a) M1 including mass. MO if no energy equation used or forincorrect energy
formulae.
Al Unsimplified equation with at most one error.
Al Correctunsimplified equation.
Al 4.10r4.08 only (2 or 3sf)
Complete methodto find an equationin sin a only, using their h.
(b) M1 This equation could be obtained by getting two equations in a¢and g, which
don’trequire h, and eliminating g
Alft Correct equation, ft their hif used. (sina=0.839)
Al 57°or57.1° (or1.0 or 0.996 radians) [57.06178257..]
Amethodtoreachanequationinaand gonly.
E.g. Equating horizontal speedinterms of aand 8
(c)M1 or finding the vertical velocity components at B, v, , and then using
_ |vV| .o |Vv|
tan 5 = Ey— or sinff= =
ATft A correct equationin a(need not be substituted) and g, ft theirhand a
Al 35°0r35.4° (or0.617 or 0.62radians) [35.35311389...]




v, canbe foundinanumber of ways [vy =4.628911565..]

v=u+tat: v,=12sma-1.5g

Vi=ul+2as v, :\/(l2sin05)2 —2g xtheir &
N.B. 1 )

h——gx1.5
s = vl—lal2 o h=1.5v, +lg><1.52 =% __ 2" " 2 3
2 2 1.5 3 4
s =[”+"jr : h:(—lzsm“”ijl.s:wv _2 _12sing
2 2 h

Method to find an appropriate time(s), T, that could be used to find the
() M1 required time:

E.g.time to maximum height, times to height 4.08, times to speed being 8.

MO for total flight time unless they go on to use appropriately.
dMl A correct overall method to use their T to find the required time.
Alft Correctequationfortheir T, ft theirh, a, B
Al 0.94 or 0.945 obtained from correct working. [0.9446758295..1]




Question

Number Scheme Marks
8(a) 51 " 3
— & =
7 7
CLM: M1
Smu—4mu = mv+mw (u=v+w) AT
NEL: M1
w—v =9ue Al
Solve forvorw DMI
w="2(9e+1) Al
2
u
v= 2(1 9e) Al
(/)
8(b) Use of v < O tofindinequality involving e M1
1
5 <e Al
Use of w < 3u M1
l<egE Al
9 9
(4)
Notes
(@M Conservation of linear momentum. Needs all terms and dimensionally
consistent but condone sign errors.
Al Correct equation (mmay be cancelled)
Ml Impact law. Condone sign errors but must not be reciprocal.
Correct equation with directions consistent with momentum equation.
Al N.B. Mark the equations evenif inconsistent with any directions on their
diagram
ddM1 Solve forvorwdependent on both previous M marks.
Al Correct expression for speed of B after collision.
Al Correct expression for speed of A; mustinclude modulus as demand
specifies speed.
(b)M1 Inequality considering direction of Areversed (i.e. theirv < Q)
Al Correctlowerinequality. Must be strict inequality.
M1 Secondinequality requiring speed of B to be less than or equal to the
speed of C but condone strictinequality (w < 3u)
Al cao
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.

Figure 1

\/

A car of mass 500kg is towing a trailer of mass 150kg along a straight horizontal road.

The trailer is attached to the car by a towbar, as shown in Figure 1.
The towbar is parallel to the direction of motion of the car and the trailer.
The towbar is modelled as a light rod.

The resistance to the motion of the car is modelled as a constant force of
magnitude 350 N.

The resistance to the motion of the trailer is modelled as a constant force of
magnitude 200 N.

The engine of the car is working at a constant rate of 10.5kW.

At the instant when the car and the trailer are moving with speed 14ms™', the
acceleration of the car is ams ~and the tension in the towbar is 7 newtons.

Using the model,
(a) find the value of a,
4)
(b) find the value of 7.
3)
NV O 0 S
P 7 8 8 4 5 A 0 2 2 8
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Question 1 continued

(Total for Question 1 is 7 marks)
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[In this question, i and j are perpendicular horizontal unit vectors.)
A particle P of mass 2kg is moving on a smooth horizontal plane with velocity 4ims"'
The particle receives a horizontal impulse of magnitude /29 Ns.

Immediately after receiving the impulse, the velocity of P is (3i + Aj)ms ', where 1 is a
positive constant.

(a) Find the value of 4

C))
(b) Find the size of the angle between the direction of motion of P immediately before
receiving the impulse and the direction of the impulse.
(&)
NN 00 O 0 S
P 7 8 8 4 5 A 0 4 2 8
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Question 2 continued

(Total for Question 2 is 7 marks)
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3.

[In this question, the perpendicular unit vectors i and j are in a horizontal plane.]

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A particle Q is moving on a smooth horizontal plane.

At time ¢ seconds, ¢ > 0, the position vector of Q, relative to a fixed origin, is r metres
and the velocity of Q is vims'

It is given that v = (2¢ + 3)i + (z2 —5t— 15)j

(a) Find the acceleration of Q when ¢ =4

2
When ¢ =1, r = 6i — 2j

(b) Find an exact expression for r in terms of ¢, i and j

(C))
When ¢ = T, particle Q is moving in the direction of the vector 5i — 3j

(c) Find the exact speed of Q when t=T
)

P 7 8 8 4 5 A 0 6 2 8




Question 3 continued

7

Turn over »

o 7 2 8

A

7 8 8 4

P 5

O]



s
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Question 3 continued

(Total for Question 3 is 11 marks)
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4. In this question you may assume, without proof, that the distance of the centre of

. .. . . oo e . 4r
mass of a uniform semicircular lamina of radius » from its diameter is 3—
T

A

8a

Figure 2

The uniform lamina ABDE is a rectangle with 4B = 2a and AE = 8a.
The uniform lamina BCD is a semicircle with diameter BD = 8a.
The points P and R lie on BD with BP = RD = 2a.

The uniform lamina PQOR is a semicircle with diameter PR = 4a.

The mass per unit area of the lamina ABDE is equal to the mass per unit area of the
lamina BCD.

The uniform template ABCDE, shown shaded in Figure 2, is formed by joining the
lamina ABDE to the lamina BCD and removing the lamina POR.

The distance of the centre of mass of the template from BD is d.

The template is free to rotate in a vertical plane about a smooth horizontal axis through
B and hangs freely in equilibrium with BD at an angle ¢° to the downward vertical.

(b) Find the value of ¢.
3)

The weight of the template is 15W. A particle of weight kW is attached to the template
at E.

The template is again free to rotate in a vertical plane about a smooth horizontal axis
through B. The template is held in equilibrium, with BD vertical, by a horizontal force
of magnitude W which is applied to the template at £ and acts towards D.

(c) Find the value of k.
“4)

NN A O o
p 7 8 8 4 5 A 0 1 0 2 8
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Question 4 continued
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Question 4 continued

: (Total for Question 4 is 12 marks)
L J
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30a C B
Ta
0
A 25a 0
Figure 3

A smooth solid hemisphere is fixed with its plane face in contact with rough horizontal
ground. The hemisphere has centre O and radius 7a

A uniform rod 4B, of length 30a and weight W, rests in limiting equilibrium on the
hemisphere with end 4 on the ground. The rod is in contact with the hemisphere at the
point C. The rod is at an angle @ to the ground, as shown in Figure 3.

Points 4, C, B and O all lie in the same vertical plane.
Given that 40 = 25a
(a) show that AC = 24a

1)

(b) Show that the magnitude of the normal reaction on the rod at C is % w
3

The coefficient of friction between the rod and the ground at 4 is u

(c) Find the value of u
(6)

14
M A A A S
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Question 5 continued

: (Total for Question 5 is 10 marks)
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s

6.

Two particles, P of mass 9m and Q of mass 3m, are at rest on a smooth
horizontal surface.

Particle P is projected with speed 4u towards Q and P collides with Q.
The coefficient of restitution between the particles is e.

(a) Show that the speed of Q immediately after the collision is 3u(1 + e).

The total kinetic energy lost in the collision between P and Q is kmu’

Given that e = E

(b) find the value of £.

After being struck by P, particle Q goes on to hit a fixed vertical wall. The wall is
perpendicular to the direction of motion of Q.

In the collision with the wall, O receives an impulse of magnitude 2 1mu.

(c) Find the coefficient of restitution between Q and the wall.

(©))

(C))

(&)

P 7 8 8 4 5 A o 1 8 2 8
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5m

Figure 4
. . _ 5
A rough straight ramp is fixed at an angle a to horizontal ground, where tano = T

The point 4 is at the bottom of the ramp and the point B is at the top of the ramp.
Points 4 and B are on a line of greatest slope of the ramp, with 4B = 5m, as shown in
the sketch in Figure 4.

A particle of mass 0.5kg is projected up the ramp from 4, along the line 4B, with
speed Ums . At the instant when it reaches B, the speed of the particle is 26 ms '

The coefficient of friction between the particle and the ramp is %

(a) Find the work done against friction as the particle moves from 4 to B.

3)
(b) Use the work—energy principle to find the value of U.

“4)
After leaving the ramp at B, the particle moves freely under gravity.
The particle is above the level of B for T seconds.
(c) Find the value of T.

3)
The particle hits the ground for the first time at the point C.
(d) Find the distance AC.

(6)
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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 Markschemesshouldbe applied positively. Candidates must be rewarded
forwhat 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 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 hasreplacedit
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks forthe paperis75.

2. The Edexcel Mathematics mark schemes use the following types of marks:
e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, 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 appearin the
mark schemes and can be used if you are using the annotation facility on
ePEN.

e bod - benefit of doubt

o ft - follow through

e the \/ symbol willbe used for correct ft

e Cao - correctanswer only

e CSO - correct solutiononly. There must be no errorsin this part of the
question to obtain this mark

e isw - ignore subsequent working

e awrt - answers whichround to

e SC: special case

e Oe - orequivalent (and appropriate)

e d..ordep - dependent

e indep - independent

e dp decimal places

o sf significant figures

¢ Xk The answeris printed on the paper orag- answer given

[ ord.. The second mark is dependent on gaining the first mark



~

AllAmarks are ‘correct answeronly’ (cao.), unless shown, forexample, as Al ft
toindicate that previous wrong working is to be followed through. Aftera
misread 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:

e Ifallbutone attemptis crossed out, mark the attempt whichis NOT
crossed out.

o If eitherallattempts 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 Mechanics Marking
(N.B. specific mark schemes may sometimes override these general principles)

e RulesforMmarks:

o correctnumberofterms

o dimensionally correct

o alltermsthat needresolving(i.e. multiplied by cos orsin) are
resolved

o onlytermsthat needresolving areresolved

o +/-errorsare condoned

o sin/cos confusionis condoned

e Omissionorextraginaresolutionis anaccuracy errornot method error.

e Omissionof mass fromaresolutionis amethod error.

¢ Omission of alengthfromamoments equationis amethod error.

e Omission of units orincorrect unitsis not (usually) counted as an accuracy
error.

e DMindicates adependent method mark,i.e. one that canonly be
awarded if a previous specified method mark(s) has been awarded.

e Anynumerical answerwhich comes fromuse of g = 9.8 should be given as
adecimalto2or 3 SF.

e Useofg=9.81shouldbe penalised once per(complete) question.

o N.B. Over-accuracy orunder-accuracy of correct answers should
only be penalised once per complete question. However,
premature approximation should be penalised every time it occurs.

e Marks must be enteredinthe same orderas they appear on the mark
scheme.

e |Inallcases,if the candidate clearly labels their working under a particular
part of aquestioni.e. (a) or(b) or(c)..then that working can only score
marks for that part of the question.

e Acceptcolumnvectorsinall cases.



e Misreads - if amisread does not alter the character of aquestionor
materially simplify it, deduct two from any A or B marks gained, bearingin
mind that after a misread, the subsequent Amarks affected are treated as
Aft

Mechanics Abbreviations

M(A) Taking moments about A

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS Right hand side

LHS Left hand side



Question

Number Mark Note

Use the mass to determine

which part of the systemis

being considered.

Ta Equation of motion forthe car M1 Need all terms.

and trailer Dimensionally correct. MO

orforeachwith T eliminated if theyuse powerasa
force.
Condone sign errors.

F—350—-200=(500+150)a Al Correct unsimplified
equationin Fand a

10500

Useof (F=) 14 (5750) seen M1 | Independent
MO forjust 14F =10500,
with no subsequent
working.

P Al Accept 0.31 orbetter.

13 0.30769......
[4]
1b Equation of motionforthe caror | Ml Need allrelevant terms.

the trailer to give anequationinT
and aonly.

Dimensionally correct. MO
if they use powerasa
force.

Condone sign errors.

T-200=150% ' Alft Corre;t unsimplifieq
13 equation, follow theira.
or 750-350-7=500x '%'
73200 Al Accept 250 orbetter
13 246.15338.......
[3]

(7)




Question

Number Mark Note
2a (3i+25) /
I Ns
4i ms™

Impulse momentum equation Ml Must be subtracting but condone
subtractionin the wrong order
Condone poornotatione.g.
V29 =2(3i+2j)-2(4i) (=2(-i+4j))

(I=) 2(3i+4j)—2(4i)(=2(-i+4j)) | A1 | Correctunsimplified expression

forl
Accept 2(i—2j)

Correctuse of magnitude for M1 Allow with square roots onboth
theirimpulse e.g. 29 =4(1+1°) sides
A=2.5 Al Or equivalent. Must be positive.
[4]
2b Correctuse of trig or scalar M1 MO if they use (3i + 1j)
productto find ratlo.fora . MO for tan™ z—tan_l 4 or similar
relevant angle, for4iand theirl 5
e.g. tant9:ii or i% or
24 2
equivalent sin or cos equation.
Correctratioforarelevantangle | Alft | Follow their A
e.g. ‘[aln6?=iz or ié or
5 2
equivalent sin or cos equation
e.g cosé’—_—2
- J29
111.801409...°c0r1.9513027.... Al Accept 110°0r2,2.0radians or
radians better
[3]

(7)




Question

Mark Note
Number
Accept column vectors throughout
apart fromin the answer to part (b).
3a Use of a=d_V (a=2i+(2t—5)j) Mi At least two powers of t going
de downby 1.
t:4:>a:2i+3j(ms*2) Al Isw if they find the magnitude.
[2]
3b Use r:Ivdt M1 At least two powers of t going
up byl
r:(t2+3t+A)i+(lz3—§t2—15t+Bjj Al Allowwfchout constant of
3 2 Integration
Useoft=1, r=6i—2j.tof|nd.the M1 (1+3+A:6, 1—5—15+B:—2]
(vector) constant of integration 3 2
Must find Aand B.
(t2 +3t+2)i+(lt3 _3p —15t+2]j Al Cao (exact)
3 2 6
[4]
3c Use the velocity and the directionto | M1 Condoneif 5and -3 onthe
formanequationinT. wrong sides of the equation.
—3><(2T+3)=5><(T2—5T—15) oe Al Correctunsimplified equation
inTort
5T°—19T-66=0 ((5T+11)(T—6)=0) | DM1 | Simplify and solve forT,
> T=6 dependentonMl.
Use of Pythagoras with their T: M Independent but not available
b \/(2><6+3)2 +(62 —5><6—15)2 if thgy have more thanone
positive Tvalue.
v=4/306 (: 3@) (ms—l) Al Must be exact, accept either.
Iswif they goonto give a
decimal.
[5]

(1)




Question

Number Mark | Note
4a ABDE | BCD | PQR | template
Mass | 16 87 27 | 6r+16 Bl Correct massratios
From | —a 16a | 8a | (d) Bl Correctdistances
BD 3r | 31 from BD or from a
parallel axis
(Condone sign
error)
Moments about BD, using their table Ml Allowuse of a
parallel axis.
N.B.cofmof ‘RHpart’ = 1124 then Dlme.n3|onally
187 consistentterms.
(112(1 x67z)—l6a _ (67 +16)d Allterms re.q.uwed.
187 Correct pairings
Condone sign
error(s)
16a+87x 2% 2759 _ (67 +16)d Al Correct |
3z 3z unsimplified
equationfortheir
parallel axis.
_ 64a  32a A1* | Obtaingiven
3(16+67)  3(8+37) answer from fulland
correct working.
Needd= not x
[5]
4b Vertical distanceof cofmfromB=4a | Bl Seenorimplied
Use of trigonometry to obtain a Ml MO if they don’tuse
relevantangle 4a
32a
tangg = ————
3(8+37r)><4a
e.g.
(: LJ (=0.153...)
3(8+37)
¢=8.7 Al 8.7 orbetter
(8.700966...)
[3]
4c Moments about B orany other M All terms required.

complete method to obtainin
equationink, Wand a only.
e.g.resolve horizontally (X = W) and

Terms dimensionally
consistent.
Condone sign




vertically (Y = (15 + k) W) and Moments errors.
about another point.
3 X ISW —2akW =8ax TV Al | Unsimplified
3(8+37) equation with at
Al most one error
Correct
unsimplified
equation
48127 , . Al 0.59 orbetter
(k)= S T3n orequivalent single (0.59116...)
fraction
[4]

(12)




Question

Number Mark Note

ba Correctuse of Pythagoras B1* | Allow quotation of the

e.g. AC= ,/(zsa)z —(7a)* =24a * Pythagorean triple without

detailed working.
Need ‘AC =’
BO if error(s) in working

e.g. J576a

1

5b Moments about A orequivalent | Ml Dimensionally consistent.
complete method. Condone sine/cosine
confusion.

Allow M1AOAOQ if a’s never
appear.

MO if they use 25a instead
of 24a

W x15axcos @ =24aN Al Correctunsimplified
equation

15 W - 3W* AT* | Obtain given answer from

N=— .
25 5 correct working.

Must see use of (cosé :)i_:

[3]

5¢c Resolve vertically: M First equation (enterfirst
on ePEN). Condone
sine/cosine confusion.
Condone sign error.

R,+Ncos@=W (RA =£W) Al Correctunsimplified
125 equation

Resolve horizontally: M1 Second equation (enter
second on ePEN).
Condone sine/cosine
confusion. Condone sign
error.

F,= Nsing(zﬂwj Al | Correctunsimplified
125 equation

Alternatives for either of the above equations:
Resolve perpendiculartotherod: N+ R, cos@ =W cos @ + F, sin 6

Resolve parallelto therod: Wsin@ = F,cos@+ R, sin0
M(C): 9axW cosO+24ax F,sin@=24ax R, cosb




M(B): 6aN +30ax R, cos@ =30ax F,sin@+15axW cos &
M(G): 15ax F,sin@+9aN =15ax R, cos 6

Use F, = uR, toobtainan DM1 | Substitute theirvalues
equationin x only. correctly, dependent on
both M’s, to obtainan
equationin zonly.

This markis only available if
they use the equations for
which they have been
awarded marks.

Al Accept 0.4,0.40 orbetter

_2l or an equivalent fraction
H=0 g (0.39622...)

[é]

(10)




Question

Number Mark Note
6a % 4u
TN T
[P |'f Q \"'|
. 9m ) \ 3m )
N NP4
% Ve % Vo

Use of CLM M Need all terms.
Dimensionally
consistent
Must be using the
correct masses.

Omx4u =9mv, +3mv, Al Correctunsimplified
equation

Impact Law M1 Used the correct way
round
(Vsep = exvapp)

vy =V = 4ue Al Correctunsimplified
equation

Obtain (v,)=3u(1+e) * A1* | Obtaingivenanswer
correctly with at least
oneline of
intermediate working.

[5]
¢b v, =u(3-e) (=zuj or negative of o
3 Bl Seenorimplied

these
Correct form for KE.

KE lost Need all terms.

_ l,gm_(4u)2 _1_9m.(vp y _1'3m'(vg )2 M1 Condone subtraction

2 2 2 the wrong way round
i.e. all signsreversed.
1 , 1 70} 1 , | Alft Correctunsimplified

= 39’”-(4“) _5-9’"(?) _5-3’"-(5”) expressioninmandu

_ 2 2 2 only

o NG ) Follow their v,

(k=)10 Al cao

[4]




éc

w=Suf or =Suf

BI

Orequivalent. Seen
orimplied

Condone a sign error
here.

21mu =3mxS5u—3mxw

(w=-2u)

M1

Impulse momentum
equation.
Dimensionally
correct.

Must be using 3m.
Condone sign error
andintermsofe.

(f9) 2 oe

Alcso

[3]

(12)




Question

Mark | Note
Number
/a Fo- le.ngz M1 Use of F = uR. Allow cos o
13 Condone sine/cosine
confusion
Workdone =F__ x5 DM1 | Fortheir F_
Dependent on previous
Ml
Work done =7.5()) Al 7.5() or7.54 (J)orllo—3g
Not o8 (follows
13
substitutionforg).
[3]
7b Work-energy equation M1 Need allterms. Condone
signerrorsand
sine/cosine confusion.
Lop 21.262+lg.58ina+theirWD Alft | Unsimplified equation
4 4 2 with at most one error
Alft | Correctunsimplified
equation
(U=)27 Al 27 or27.3 (2 sf or 3 sf)
[4]
/cC Useof v=u+at M1 Complete method using
suvat
—26sina =26sina—gl'" (20=gT) | Al Correct unsimplified
OR equationinTort,
0=26sin0¢><T—%gT2
OR
T -2 26sina
g
(T=)2.0 Al 2,2.00r2.04 (2sf or 3sf)
[3]
7d Use of S:qugtz M1 (?omplete methoq for
2 time to ground using
suvat
Al Unsimplified equation

—5sina = 265sin 0{1‘—%gt2

with at most one error




(1=22177...) Al Correct unsimplified
equation
ALT1: time up + time down M1 Complete method using
suvat
26sina 2 (26sina)2 ) Al UnS|mpI|f|ed equation
2 +§ T+5sma with at most one error
Al Correctunsimplified
=(1.0204 + 1.1973) equation
Horizontal distance, X =26cosaxt | DM1 | Use of ucosar or
(53.22) equivalent, dependent
onMl.
Total distance =5cosa+26¢cosaxt | Ml Use of: theirX + 5cosa
=58 (m) Al 58 0r57.8 (2sf or 3sf)
[6]

(16)
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2x

x+7 2x

Figure 1

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Figure 1 shows a sketch of a triangle LMN and a sketch of a triangle POR.
Triangle LMN is an equilateral triangle with sides (x + 7)cm.

Triangle POR is a right-angled isosceles triangle with PO = PR = 2xcm and angle
OPR =90°

(a) Find, in its simplest form in terms of x, the length OR.

(2)
Given that the perimeter of triangle LMN is equal to the perimeter of triangle POR,
(b) find the value of x, writing your answer in the form a2 +b, where a and b are
integers.
)

(Total for Question 1 is 7 marks)

P87431A
m |



2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve has equation

y=x(x+3)(x-2)

(a) Find, in simplest form, Y
dx 3
3)
(b) Hence find the range of values for x such that
b,
dx
“4)
(Total for Question 2 is 7 marks)
3. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.
Solve the equation

2y2+1:1—§
y

(5)
(Total for Question 3 is 5 marks)

P87431A 3
COmmC] Turn over



°e0(4,7)

P(-1,4) e Diagram not
drawn to scale

@)
=V

o R(p,-3)

Figure 2
Figure 2 shows the points P, Q and R.
Points P and Q have coordinates (-1, 4) and (4, 7) respectively.
(a) Find an equation for the straight line passing through points P and Q.

Give your answer in the form ax + by + ¢ = 0 where a, b and c are integers.

3
The point R has coordinates ( p, —3), where p is a positive constant.
Given that angle QPR = 90°,
(b) find the value of p.
(Solutions relying on calculator technology are not acceptable.)
3

(Total for Question 4 is 6 marks)

4 P87431A
m |



5. Find

j@dx =0

22

writing the answer in its simplest form.

(©)

(Total for Question 5 is 5 marks)

6. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

The equation
k(3x" +8x+9)=2—6x
where k is a real constant, has no real roots.

Find the range of possible values for £.

(7)
(Total for Question 6 is 7 marks)

\. J
P87431A 5

([ Turn over »




Diagram not
drawn to scale

3.5 radians

Figure 3
In this question you must show detailed reasoning.
Figure 3 shows the design for a company logo.

The design consists of a triangle ABE joined to a sector BCDE of a circle with radius
6cm and centre E.
The line AE is perpendicular to the line DE and the length of AE is 9cm.

The size of angle DEB is 3.5 radians, as shown in Figure 3.

(a) Find the length of the arc BCD.

(2)
Find, to one decimal place,
(b) the perimeter of the logo,

3)
(c) the area of the logo.

“4)

(Total for Question 7 is 9 marks)

P87431A
m |



YA
S(4,10)
y=g(x)
!
P(-3,4) e 0(0,4)
p B
0| R(2,0) X
Figure 4

Figure 4 shows a sketch of the graph of y = g(x), —3 < x < 4 and part of the line / with

. 1
equation y = Ex

The graph of y = g(x) consists of three line segments, from P (-3, 4) to O(0, 4), from
0(0, 4) to R(2, 0) and from R(2, 0) to S(4, 10).

The line / intersects y = g(x) at the points 4 and B as shown in Figure 4.

(a) Use algebra to find the x coordinate of the point 4 and the x coordinate of the
point B.
Show each step of your working and give your answers as exact fractions.

(6)
(b) Sketch the graph with equation
3
y=Jg@) -3<x<d
On your sketch show the coordinates of the points to which P, O, R and S
are transformed.
(2)

(Total for Question 8 is 8 marks)

P87431A 7
COmmC] Turn over



9. The curve C has equation y = f(x), x > 0 where

2
F(x) = 30 + 22F

Given that the point P (4, —8) lies on C,

(a) find the equation of the normal to C at P, giving your answer in the form y = mx + ¢,
where m and ¢ are constants.

C))

(b) Find f(x), giving each term in its simplest form.

(5)
(Total for Question 9 is 9 marks)

10. (a) On the axes in the answer book sketch and clearly label the graphs of
(i) y=x(a—x)
(i) y=x'(b-x)
where a and b are positive constants b > a

Show clearly the coordinates of all the points where the curves cross or meet the
coordinate axes.

C))

(b) Show that the x-coordinates of the points of intersection of

y=x(4-x) and y= x2(7 —X)

are given by the solutions to the equation

x(x —8x+4)=0
(2)

The point 4 lies on both of the curves and the x and y coordinates of 4 are both positive.

(c) Find the exact coordinates of 4, leaving the answer in the form ( p+ q\/g , r+ s3 ) ,
where p, g, r and s are integers.

(Solutions relying on calculator technology are not acceptable.)

(3)
(Total for Question 10 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS

8 P87431A
m |
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Question 1

Write the answer to Question 1 on these 2 pages

N0 O o
P 8 7 4 6 6 A 0 2 2 4




s 1e N

Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 7 marks)
14 J

3
“mm N0 O 0 -
P 8 7 4 6 6 A 0 3 2 4 Turn over
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Question 2

Write the answer to Question 2 on these 2 pages

NN 0 0 o
P 8 7 4 6 6 A 0 4 2 4
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Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 7 marks)
14 J

5
“mm NN 0 -
P 8 7 4 6 6 A 0 5 2 4 Turn over




r

Question 3

Write the answer to Question 3 on these 2 pages

N0 O O 0 o
P 8 7 4 6 6 A 0 6 2 4
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Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.

(Total for Question 3 is 5 marks)
14 J

7
“mm N0 0 -
P 8 7 4 6 6 A 0 7 2 4 Turn over
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Question 4

Write the answer to Question 4 on these 2 pages

NRNOD 0O 0 0 o
P 8 7 4 6 6 A 0 8 2 4
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Question 4 continued

This is the end of Question 4 answer space. Please turn the page for Question 5 answer space.

(Total for Question 4 is 6 marks)
14 J

9
“mm NN O -
P 8 7 4 6 6 A 0 9 2 4 Turn over
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Question 5

Write the answer to Question S on these 2 pages

L J:

NN Y 1 0 A O 20 o
P 8 7 4 6 6 A 0 1 0 2 4
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Question 5 continued

This is the end of Question 5 answer space. Please turn the page for Question 6 answer space.

(Total for Question 5 is 5 marks)
14 J

11
“mm NN Y 0 O 0 -
P 8 7 4 6 6 A 0 1 1 2 4 Turn over
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Question 6

Write the answer to Question 6 on these 2 pages

L J:

NN Y 0 O 20 o
P 8 7 4 6 6 A 0 1 2 2 4
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Question 6 continued

This is the end of Question 6 answer space. Please turn the page for Question 7 answer space.

(Total for Question 6 is 7 marks)
14 J

13
“mm NN Y 0 A 20 -
P 8 7 4 6 6 A 0 1 3 2 4 Turn over
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Question 7

Write the answer to Question 7 on these 2 pages

L J:

NN Y 1 0 A0 o
P 8 7 4 6 6 A 0 1 4 2 4
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Question 7 continued

This is the end of Question 7 answer space. Please turn the page for Question 8 answer space.

(Total for Question 7 is 9 marks)
14 J

15
“mm NN Y 0 O A 20 -
P 8 7 4 6 6 A0 1 5 2 4 Turn over
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Question 8

Write the answer to Question 8 on these 4 pages

L J:

NN Y O 0 o
P 8 7 4 6 6 A 0 1 6 2 4




Question 8 continued

17

Turn over »

8 7 4 6 6 A o0 1 7 2 4

P
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Question 8 continued

18

P 8 7 4 6 6 A 0 1 8 2 4

m |
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Question 8 continued

This is the end of Question 8 answer space. Please turn the page for Question 9 answer space.

(Total for Question 8 is 8 marks)
14 J

19
“mm NN Y O 0 -
P 8 7 4 6 6 A0 1 9 2 4 Turn over
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Question 9

Write the answer to Question 9 on these 2 pages

L J:

NN Y 0 O O 20 o
P 8 7 4 6 6 A 0 2 0 2 4
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Question 9 continued

This is the end of Question 9 answer space. Please turn the page for Question 10 answer space.

(Total for Question 9 is 9 marks)
14 J

21
“mm NN Y 0 O 20 -
P 8 7 4 6 6 A 0 2 1 2 4 Turn over
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Question 10
Write the answer to Question 10 on these 3 pages
Va
0 X
. J :

NN Y 0 20 o
P 8 7 4 6 6 A 0 2 2 2 4



Question 10 continued

23

Turn over »

8 7 4 6 6 A 0 2 3 2 4

P

O]



~

Question 10 continued

(Total for Question 10 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS

P 8 7 4 6 6 A 0 2 4 2 4

m |
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General Marking Guidance

e 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
forwhat 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 Thereis 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 fullmarks if deserved, i.e. if the answermatches the mark
scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse 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 Whenexaminersareindoubtregardingthe application of the mark scheme to
acandidate’sresponse, the team leader must be consulted.

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



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. The total number of marks for the paper is 75.

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

M marks: Method marks are awarded for ‘knowing a method and
attempting to apply it’, unless otherwise indicated.

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

B marks are unconditional accuracy marks (independent of M marks)
Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in
the mark schemes and can be used if you are using the annotation facility
on ePEN:

bod - benefit of doubt
ft — follow through

o the symbol f will be used for correct ft
cao - correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC - special case

oe - or equivalent (and appropriate)

d... or dep - dependent

indep - independent

dp - decimal places

sf — significant figures

% — The answer is printed on the paper or ag- answer given

C or d... - The second mark is dependent on gaining the first mark



4,

b)

7.

All A marks are ‘correct answer only’ (cao), unless shown, for example, as
Al ft to indicate that previous wrong working is to be followed through.
After a misread however, the subsequent A marks affected are treated as A
ft, but manifestly absurd answers should never be awarded A marks.

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. 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:

If all but one attempt is crossed out, mark the attempt which is NOT
crossed out.

If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect 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

(x2 +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 touse correct formula (with values fora, b and c)
3. Completing the square

Solving x* +bx+c=0: (x4 £g9%c, ¢#0|eadingtox=..

Method marks for differentiation and integration:
1. Differentiation

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

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

Use of a formula
Where a method involves using a formula that has been learnt, the advice givenin
recent 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 use it, 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 inthe
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
“inyourhead”, 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 leader for advice.



Question
Number

Scheme Notes

Marks

1(a)

{OR® =}(2x)" +(2x)’
Valid attempt at Pythagoras' Theorem. Condone omission of brackets e.g.,
{OR =}2x* +2x* Ifnosumseenonly accept {QR2 =} 8x* or {OR =}/8x” or

correct answer {OR =} 22x or \Bx. If trig, must see a correct statement e.g.,

2 . .
Q—);=sm45( )

M1

{OR=}2V2x or \Bxnote.g., N Allowe.g., 2xv/2, x+8.

Must be seenin part (a) and do not condone * but allow all remaining marks to be
scored

Al

(2)

(b)

Question has: "Solutions relying on calculator technology are not
acceptable”

3(x+7):4x+'2\/§x'
Sets perimetersequale.g., x+7+x+7+x+7 =2x+2x+'2/2x"

1
Allow kx or kx2 or kx* orfor '24/2x"
Allow the odd slipif the intentionis cleare.g. 3(x+7) —>3x+7

M1

:>(1+2ﬁ)x=21

Collectstermsinxandreaches 4x = Bwhere Ais arationalnumber + a surd
and Bis arational number. Could be implied by X = anintermediate answer
Must have had kx for '24/2x!

dMi

21 21
Correctintermediate answerx =———or x =

(1+2\/§) (1+\/§)

Implied by —3 + 6+/2 provided there is some relevant minimal algebra

Al

21 y (2&—1)
(2v2+1) (2v2-1)

Any correct method seentorationalise an expression of form % where Cisa

rational number + asurd and Dis arational number. What is shown above is
sufficient. Can be implied but not by just a calculatoranswer.

M1

= {x=}62-3 62 =3 or —3+ 62

Al




Squaring both sides - example: 3(x+7) =4x+2/2x (M)
=22 x=21-x= (202x) =(21-x) =8 =441 42x+x> = 7 + 42x 441 =0
Squares and obtains a 3TQ (dMT1) Correct 3TQ (Al)

—6J_r1/62—4(1)(—63) _ _
Solvesviavalid non-calculator method
2(1)

=x'+6x-63=0=x=

(M1)
= x =" — = 34642 Thisanswer only (A1)

(3)

Total7




QNLLJJer:kt)IZ: Scheme Notes Marks
2 Question has: "Solutions relying on calculator technology are not
acceptable”
(a) Correct expansion.
3,2 Terms collected.
W =hr(re3)(x-2) = 42"~ 6x Implied by a correct Bl
answer
{d_y =}3x2 +2x-6
dx
M1: Forreducing the power of xby one for atleast one term M1
Indices may not be processed. Allowif .x" —..x""' seenanywherein Al
an attempt at the product rule which may be partial
Al: Correct expression as shown (termsin any order)
Must be seeninpart(a).
(3)
(b) MT: Sets their
quadratic =2 (oruses
any inequality sign)
and attempts to find
the critical values by
dy solvinga 3TQ (not a
= =3x"+2x-622=> 2TQ) via a valid non- M
4 calculatormethod. Al
37 +2x=8=0=(3x-4)(x+2)=0= {x=}—2,§ MO if Oisusedinstead
of 2.
Roots may be
complex.
ATl Critical values of
.
3
x<=2, x2 i
M1: Selects the outside region appropriately for theirreal critical
values.Donotcondonee.g., -2 > x > 4
Canfollow previous MO provided they have solved a2 or 3term
quadratic with a positive x* coefficient, possibly by calculator (if so,
must be correctroots for theirequation - to 3sf if necessary). Allow if
M1
the work shows that they have solved e.g., Al
3x*4+2x—6=0 {:>x=ﬂ}
but do notacceptusing theseroots from 3x* +2x—-8=0 ore.g.,

3 4+2x-622
May have strict inequalities or one strict, one non-strict.

Al: Correctregion. Any appropriate notation. Condone "and"
butnot ~.




Must be using x for both parts of theregionnote.g., x, < -2, x, = %

ISW once a correct answeris seen evenif anincorrectly modified
answer follows.
Note that 00110or 0010 are possible.

Answeronlyisnomarksbute.g., 3x2 +2x-6>2, x<-2, xZ%iS oomn

(4)

Total7




Question
Number

Scheme Notes

Marks

3

Question has: "Solutions relying on calculator technology are not
acceptable”
Note that the "= 0" may be implied by solutions

M1: Multiplies through
by y2 andforms a 3TQ equationin y2
May be writtenas e.g.,
2
Z(yz) +y> =15
Al: Any correct 3 term equation
May have replaced y2 withe.g., x

2y2+1:g:>2y4+y2—1520
y

M1
Al

Solves an equation which could be
writtenin the form ay* +by* +c¢ =0,
a, b, c # 0 by avalid non-calculator

method (see guidance) and finds at

= (2y*=5)(y* +3)=0={y" =}... least one real value for »°.

May have replaced y2 withe.g., x

Do not condoneif solutions are
wrongly labelled

e.g.,as y=...instead of y2 =...

dMi

b{yz}i@ or i\/g

AT: One correct solutionfroma correct 3TQ. Note thate.g.,
10
= (2)’2 —5)()/2 —3) =0=>{y =}g still scores this mark. Accept awrt £1.58

Al: Both correct exact solutions from a correct 3TQ. Ignore any of +J-3
or +V3ibut AO if any (real orcomplex) wrong solutionis offered. Do not

5
condone if clearly % but apply BOD if marginal.

May not be labelled but final AO if e.g., x = ... unless defined earlier

Al
Al




Alternative:

M1: Factorises allowing for sign/coefficient errors only
AT: Correct factorisation

2y—2:0:>2y2—5:O:>y2:£; y:i\/gori@
¥ 2 2 2

dMT: Proceeds with sign/coefficient errors only to areal value for ye.

Do not condone if thisis mis-labelled e.g.,as y =... if should be y2 =..
AlAl: as above

(5)

Total 5




Question
Number

Scheme Notes

Marks

4

P(-1,4), 04, 7)., R(p,-3)

(a)

{GradientPQ =} 21— 22 — T4 {zé}
x-x, 4--D[ 5
Correct attempt at gradient of PQ which may be unsimplified. There must
be no evidence of obtaining this fortuitously e.g. by use of anincorrect
formula.
See below for methods involving simultaneous equations.

B1

y_4=%(x_(_1)) or 4:%(—1)+c, :>c=...{?}:>y:...

3 3 23
—7=2(x—-4)or T==(4)+c, =Dc=..—=>y=...
y=T=2(x-4) s4) {5} y
Obtains a consistent equation of the line for their gradient using point P or
@. Allow this mark with any gradient If y =mx+c¢ must correctly substitute,

reach € =... andformequationunless "y = mx+c" seen.
Score the first two marks together for
23 3 23

(1) y-7_ x4 3
or = ord=-m+c, T=dm+c=>m==, c=—= y=—x+—
4-(-1)  T-4 4-(-1) 5 5 575

Allow simultaneous equations to be solved by calculator

M1

= 3x-5y+23=0 oranintegermultiplee.g., -3x+5y-23=0
Allow terms in any order but all on one side with=0

Onlyallowe.g., a=-3,b=5,c=-23 ifax+by+c=0iSseen

Al

(3

(b)

Question has: "Solutions relying on calculator technology are not
acceptable”

=7 " 5 "

p+1 3

Correctly takes negative reciprocal of a positive value #1 andforms a
correct consistent ftlinear equationin p (or other variable) by an
appropriate method.
ORe.g., (p+1)+7+5 +3 = (p-4) +10°
Alternatively, uses Pythagoras correctly to obtain a correctimplied linear
equation.
Note thatitis possible to form an equation using trigonometry. If so it must
be consistent and correct and must not have any trig expressions.

ORe.g, 4=-3(-1)+c, -3=-3p+c=>T=3+3porc=1=>-3=-3p+1

5
e.g., Gradient PR = "—5":>

Award for appropriate simultaneous equations using Pand R and the
correct negative reciprocal of their positive gradient. Must also combine

their equations correctly for their gradient which can be implied by “ with

no wrong working, provided there has been some working whichmighte.g.,
be just writing down the simultaneous equations

M1

e.g., 5p+5=21:>p=? or 2p+84=116—8p:>10p=32:p:%

dMi
Al




dM1: Solveslinear equationinp. Thisis notimplied by just p :1;6— must see a

+1 3
AT: p:?, 3% or 3.2 Acceptjust i butnotiflabelledasx=... etc.

previous linear equationor —— ="-—" (Condone using another variable)
p

(3)

Total 6




Question

Scheme Notes Marks
Number
5 M1: Writes as a sum of two
terms. Award for ..x? +..x? with
p #qandone of porqcorrect

K (indices processed).
4\/;2_3=4\/2;— 32 Sy P37 Allowif oneofporg=0 M
2 Al

2x 2x 2x 3
) -2
ATl 2x 5% "oe- coefficients
could be unsimplified but
indices must be processed
1
'[4&;3 dx =—4x ° +ix71 +c
2x 2
dMT: Raises a power of xby one. Allow if thisis done onaterm
individually. Powers may be unprocessed
1
Al: For one correct term either —4x *or +%x71 which may be left
e dMi1
unsimplified but powers processed Al
Al: Fully correct and simplified including an arbitrary constant e.g. Al
i 1
—4x’ +Ex7 +c
Accept equivalent answers such as __4 .3 . .butIlSWonceacorrect
Jx o 2x
expression has beenseen.
lgnore spurious integral signs, "dx", or if labelled as derivative
(5)

Total 5




QUESLEN, Scheme Notes Marks
Number
6 Question has: "Solutions relying on calculator technology are not
acceptable”
Expresses equation correctlyasa
three term quadratic or states the
k(35 +8x+9)=2—6x = A correcta,bandc
. ccept 3kx® +8kx +6x +9k —2 = 0 With B1
3o’ + Bk +6)x +9k-2=0 LHS termsin any order
Could be implied by attempt at
discriminant
(8k+6)" —4(3k)(9% -2)
= —44k*> +120k +36
{=11k* =30k 9|
M1: Uses »*> — 44c correctly allowing for a =+3k, b = +8k+6 and
c=39% 2 or c =19 . M1
No needto expand for the M mark. Al
If e.g., a =3k* isuUsed then the 'x's must disappear later. Could be seen
withinuse of quadratic formula/CTS. May see e.g. »°...4ac With = orany
inequality signfor...
Al: Any correct three term quadratic expression for »? — 44c (Mmay be under
root sign)
dM1: Foran attempt at finding the
critical values viaavalid non-
calculator method. Must see the
c.g. (11k+3)(k—3)=0=k =3, 3 prgcise 3TQthatisthensolved(see | dMI
11 guidance). May have complexroots. Al
Requires previous M mark.
Al: Correctcritical values. Could be
labelled withx =... orunlabelled
k< —i, k>3
11
M1: Chooses outside region appropriately for theirreal critical values. Must
not be fortuitous frome.g., two errors that correct themselves. Signs may
non-strict orone strict, one non-strict. Requires FIRST M mark. May use
€.g.x M1
Donotcondonee.g., —%>k>3 Al
Al: Correctregion - any suitable notation but must be using k only. Do not
condone g, < _%, k, >3 ISWonce acorrectansweris seenevenif an
incorrectly modified answer follows. Condone "and" but not ~
Note thate.g.,1110011is possible
(7)

Total7




Question
Number

Scheme

Notes

Marks

7

Ignore unitsin parts (b) and (c).
Thereis no credit for quoting correct formulae and then mis-applying.
Question says "...you must show detailed reasoning"”

(a)

r@=6x3.5=21cm

M1: Any correct numerical expression or value for the arc length
Al: 2lemonly but allow e.g., 21.0 cm or 210 mm. Not awrt. Units required.

M1
Al

(2)

(b)

AB? = 9% + 6* —2x9x6cos(%ﬂ—3.5j

{=79.115..., AB=8.89..}

Correct expression for, orequation
involving, AB? or AB - but allow
with any angle in the cosinerule,
evenifitisnegative orhascome

from mixed units.

Not implied by awrongvalue if
thereisnowork - only accept awrt
78 or79 (or 8.8 or 8.9) provided no

incorrect method seen.
Approaches that do not use the
cosine rule must validly reach

AB*> =awrt780r79 OR AB = awrt8.80r8.9

M1

P=6+9+"21"+ 4B =...

Obtains a value using
6 + 9 +their(a) + their AB

dMi

P=449

awrt 44.9

Al

(3)

(c)

{Areatriangle ABE =}
l><6><9sin(i7r—3.5j
2 2
ore.g., %x9x6cos(3.5—7r)

{=25.284...}

Fully correct numerical
expression orvalue forthe area of
ABE
If angle is a decimal must be awrt
1.2(1.212...) orif degrees awrt 69°
(69.46...)

Implied by awrt 25 (25.28433..)
provided noincorrect method
seen
Alternative multi-step
approaches where the workis not

clearmustvalidly reach
Area ABE = awrt25

Mi

{Area sector BCDE=}
%x62 x3.5{=63}

Any correct expression orvalue
forsectorarea

Bl

l><6><9sin é72—3.5 +l><62 x3.5=88.3
2 2 2

dM1: Obtains a value for sector +
triangle. Sector must be

%x62 x3.5{=63} or 6°x3.5{=126} 0€

dMi
Al




Al: Awrt 88.3 |

(4)

Total 9




Question

Scheme Notes Marks
Number
8(a) Ignore any y coordinates given and any labelling of points
Note that coordinate pairs are 4(%, ) & B(%, %)
lx=—2x+4 Sets lx:ax+4 where a <0 Ist
2 2 M1
dMT: Sets %x=—2x+4 and
1 5 8 obtains avalue for x (which dMi
—x=2x+4{>—x=4=> =} — O¢€ .
2" * { 2" } tx=} 5 could be decimal) Al
Al: Correctvalue. Mustbe a
fraction
lx=5x—10 Sets lx=5x+b where b <0 3rd
2 2 M1
dM1: Sets %x =5x—10and
1 9 20 obtains a value for x (which dM1
—x=5x-10{==x=10 =}—0¢ -
YT {: 2" :}{x S could be decimal) Al
Al: Correctvalue. Mustbe a
fraction
There is no credit foranswers only - some algebraic working must be
seen.
(6)
(b) 4 S(4.15) A sketch graph goingfromLtoR
’ made up of 3 straight line segments
with two points positioned and
labelled appropriately (P scoresif it
P(-3,6) __0(0,6) isin Q2, @ on positive y-axis, Ron
positive x-axis, Sin Q1but graph
» might not be the correct shape) Bl
O| R(2,0) x May use numbers on axes rather
than coordinates. Letters are not
, , required. Coordinates may be
Do ngt pe concerned W|th slcallng indicated separately (e.g.,
e.g. if Pisclosertotheoriginthan | fo|iowingjust having the letters on
Retc. the sketch) but anything marked on
Thereisno credit forthe correct sketch take precedence.
pomt§ bL’Jt n,o ske'tch. Fully valid sketch: same shape
Mayuse P, 0', R' & S’ orother (horizontal line in Q2 to y-axis, then
letters - ignore any labels used V withits vertex on the x-axis in Q1
for the points. but condone S being below P& Q
Ignore any intersections with andignore the relative gradients of dBi

1
Y 2

ore.g., y:%x shown

@R and RS) with all 4 points correct.
May use numbers on axesrather
than coordinates. Letters are not
required. Coordinates may be




indicated separately butany
marked on sketch take
precedence.

(2)

Total 8




Question

Scheme Notes Marks
Number
Question parts are marked separately throughout this paper (except for
9 Q10) e.g., there are no marksin (b) forintegration thatis clearly an
answer to (a).
(a) ) M1: Attempts f'(4) and achieves
£'(x) =30+ 6—5x avalue. Allow slips in substitution
Jx butif only avalue is given it must M1
, 6—5x4> be -7 Al
(f'@)=)30+ J4 =7 Al: Correctvalue. May be
implied laterif uncalculated
Uses the correct negative
reciprocal of their f'(4)#0 or 1
correctly with (4, -8)to obtaina
y+8 =l(x_4) straight line equation.
7 If y=mx+c must correctly
or : ~ M1
60 substitute,reach ¢=... and
y:’"x”:‘g=_(4)+C:>c="'{‘7}:>y= form equation unless
"y=mx+c" seen
Allow this mark if they use their
£"(4)
y= %x_g_ This form only with
:yz%x—% exactvalues. Allowif yonone Al
side and the two otherterms on
the otherside.
(4)
(b) MT: For 30 - 30x orraises the
1 3
powerof ..x ? or ..x? byl
F(r) =30+ 6-5x" .o, 6x_% ~ ng - Al:Two correct terms M1
Jx Al: Correct expression. Al
1 5 1 3
{£(x) =} 30x +12x2 —2x2 (+¢) {F(x) =}30x+12x> = 2x2 (+¢) Al
No constant required.
May be unsimplified but indices
must be processed
If parts/substitution are used then award the Mfor 30 —» 30x
otherwise integration must be completed and a correct form
achieved to score any marks.
1 5
-8 :30(4)+12(4)5 —2(4)5 +c=>c=..
Substitutes (4, -8) correctly into their f(x) and finds value of ¢ dM1

Allow slips after substitution but must note.g., mixup xandy
You make have to check for consistency if there is minimal working




1 5

Correctand simplified four
term expression. AO if stops at
c=-88.

{f(x) or y=} 30x+12x> —2x> —88 Do notneedtosee f(x)=... Al
Condoneif e.g., aspurious
integration sign remains
(5)

Total 9




Marks

UL Scheme Notes
Number
10 For this question, mark the parts togetherso e.g., marks for (b) and (c)
may be scored forappropriate workiin (a).
(a) For any negative quadratic
curve 1st Bl
(i.e.,notaninverted V shape)
) Forany quadratic curve
y=x(a-x), y=x'(b-x), b>a>0 that intersects the x-axis
atthe originand a, witha
_1-“ indicated on the positive 2nd B1
x-axis. If coordinates, must
be the right way round
unless axis labelled
For any negative cubic
AN s shaped curve (min then 3rd B
max - not point of
inflection)
For anegative cubic
shaped curve with a 4th B1
, _ minimum turning point at
lgnore arjylabelllng of the graphs with the origin
the equations. Work on.the sketch Fakes Acompletely correct
precedence. If coordinates are given diagram. Cubic crossing
separately they must be identified e.g., the positive x-axis at b to
labelled P, Q onthe sketchand givenin the right of .
the answer space. Give BOD as a "slip of If coordinates. must be the
the pen" if curvature poor at the ends of right way roun’d unless axis
5th B1

the graphs. Allow asymmetry of the
quadratic. Note that the vertex of the
parabola could be above the maximum
of the cubic.

labelled.

The curves donotneedto
intersectin Q4 and do not
be concerned about the
relative gradients. Ignore
any coords for

intersections if given.

(5)




Question
Number

Scheme Notes

Marks

10(b)

Sets x(4-x)=x*(7-x)and
{x(4—x) =x*(7—x) :>} Ax—x"=T7x" =%’ multiplies out both

{x(4_x) = (T—x) :} X(4—x) = x(Tx— %) bracketsto achleve'a
correctform orfactorises

RHS to correct form

M1

{:> X’ —8x? +4x=0} :>x(x2 —8x+4)=0

Proceeds to the given answer with no errors seen. No intermediate
stepisrequired.
Accepte.g., 0 =(4+x2 —8x)x but musthave O = or =0 andbe fully

factorised

AT*

(2)

(c)

Question has: "Solutions relying on calculator technology are not
acceptable”

—(-8)+./8* —4(1)(4
(B4 L0
2(1)
M1: Attempts to solve x* —8x +4 = 0 by valid non-calculator means (not

factorisation). May be complexif using CTS but see guidance.
Al:{x :}4i2\/§ but allow {x :}4i\/§ and may just give one solution.

Fraction must have been dealt with.

X -8x+4=0=>x=

M1
Al

x:4_2\/§y:x(4—x):2\/§<4—2\/§):—12+8\/§

M1: Chooses either of their x =41 243 (rational number + surd) and uses
y = x(4—x) ory=x"(7-x) to obtain a value (rational number + surd).
Method may not be shown - if so value must be correct for theirx. If
workingis shown allow slips suchas (4-243)(4-4-23)=... o
(4-2v3)(-243) =...

May be seen onthe graphin(a). Note also that
x=4423>y=-12-83

M1

dM1: Shows a method of finding y (achieving rational number + surd)
fromthe correct x = 4—2\/§ (may use both) E.g.

(4-243)(243) =... or (4-243) (4-(4-2453) =..
Must start with a correct expression so do not condone starting with
(4—2\6)(4—4—2\6) or (4-2@)(—2\5)
However, (4—2\@)2(%2\/5) requires the correct
(28-16v/3)(3+2v3) or 2/3(4—24/3) seen

Requires previous M mark

dMi

(4-2v3,-12+83)
Correct coordinatesin thisform. Acceptx = —2\/§+4, y= 8/3-12

Al




If both are given then the correct solution must be identified e.g.,
A(4—2\/§,—12+8\/§) andnote that the otherintersectionis

(4+2\E,_12_8\B) which canbe ignoredif the correct pointis

identified.
p=4,q=-2,r=-12, s =8 is AO without sight of (p+q\6, r+s\/§)

Note that 00111, 00110 and O0100 are possible.

(5)

Total12
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r
1. The curve C has equation
2 5
y=6x"+ 3Jx+ 3 x>0
.ody L .
(a) Find . writing the answer in simplest form.
3)
. 1 5),.
The point P| —, — |lies on C.
4 2
(b) Find the equation of the tangent to C at P, writing your answer in the form
v =mx + ¢ where m and ¢ are integers.
3)
\_ ) AN

2
N O O A o
P 7 8 8 4 8 A 0 2 3 2



Question 1 continued

(Total for Question 1 is 6 marks)

8

3

Turn over »

0 3 3 2

A

7 8 8 4

P

O]



~ )
2. Find
I(x—3)2(2x+5) dx
writing the answer in simplest form.
3
- v,

NN O A o
P 7 8 8 4 8 A 0 4 3 2
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(Total for Question 2 is 5 marks)
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3. The sides of a triangle are in the ratio 2:4:5

(a) Find the size of the largest angle of the triangle, in degrees, to one decimal place.
(2)

Given that the area of the triangle is 140 cm’

(b) find the length of the shortest side, in cm, to one decimal place.
3)

6
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(1) Using the laws of indices, solve

3PS _1 27
9
3)
(i1) Find the real roots of the equation
X 4l= 36
x'—4
“4)
MR 0 OO0 emo
P 7 8 8 4 8 A 0 8 3 2

) I
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Question 4 continued
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Question 4 continued

: (Total for Question 4 is 7 marks)
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Figure 1

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(a) Express 2x° — 16x + 50 in the form
a(x+ b)Y +c¢

where a, b and c are constants to be found.

=V

3)
Figure 1 shows a sketch of the curve C with equation y =2x" — 16x + 50
Given that in Figure 1
* M is the minimum point on C
* line / passes through the origin and intersects C at the points M and P
(b) find, using algebra and showing your working, the x coordinate of P.
)
The region R is shown shaded in Figure 1.
(c) Use inequalities to fully define R.
(2)
12
VDR O S
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Question 5 continued
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: (Total for Question 5 is 10 marks)
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r

6. (a) Sketch the graph of the curve C with equation

4k
x—2k

y

where £ is a positive constant.
On your sketch show

» the coordinates of any points where C cuts the coordinate axes
» the equation of the vertical asymptote to C

)

The straight line / has equation

y=6—-2x

Given that there is at least one point of intersection between / and C,

(b) find the range of possible values of k.
)

L
16
VDT O S
P 7 8 8 4 8 A 0 1 6 3 2




Question 6 continued

17

Turn over »

7 8 8 4 8 A 0 1 7 3 2

P

O]



s

Question 6 continued

18

p 7 8 8 4 8 A 0 1 8 3 2

m |




14 h

Question 6 continued

: (Total for Question 6 is 9 marks)
L J
19

ommC MR D O 0
P78 8 48 A0 19 3 2 Turn over -




Figure 2

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

Figure 2 shows the plan view of a design for a swimming pool.

The design consists of a sector POS of a circle centre O joined to a major sector
QORTQ of a different circle, also with centre O.

Given that

« angle POS is 1.65 radians

« the area of sector POS is 30m’

e PO=28m

(a) show that, to 3 significant figures, OQ = 8.83m

(b) Find the total surface area of the swimming pool in m” to the nearest integer.

(c) Find the total perimeter of the swimming pool in metres to 2 significant figures.

P 7 8 8 4 8 A 0 2 0 3 2
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve has equation y = f(x), x >0

Given that

f'(x)=2x+ % +k, where k is a constant
X

the equation of the tangent to the curve at x = V2 is y=>5x ~32

(a) find the exact value of .

()

(b) Find an equation of the normal to the curve at x = 2
(2)

(c) Find f(x), writing your answer in simplest form.
“)
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Figure 3

Figure 3 shows a sketch of part of the graph of the trigonometric function with
equation y = f(x)

(a) Write down an expression for f(x)

(2)
The point P lies on y = f(x) and is shown in Figure 3.

(b) State the coordinates of the point to which P is transformed when the graph of
v = f(x) is transformed to the graph with equation

ﬁ)y=f(x—ﬁj
6 )

(i) y=—%ﬂﬂ
@)

A
28
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10.

BZ N
C /
R
P
0
I 0 X
Figure 4

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

Figure 4 shows a sketch of the curve C with equation

y=2x +%x2 —-2x+5

The line / is the normal to C at the point P where x =0
The line / also intersects C at points Q and R as shown in Figure 4.

(a) Find, using algebra, the x coordinate of point Q.

(6)

The point 7 lies on C.

Given that

» the tangent to C at T is parallel to /

* the x coordinate of 7 is positive

(b) find, using algebra, the exact x coordinate of 7.
“4)
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Question 10 continued

(Total for Question 10 is 10 marks)
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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 for
what they have shown they can doratherthan 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 Thereisno ceiling onachievement. All marks on the 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’sresponse is 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 schemeto a
candidate’sresponse, the teamleader must be consulted.

e Crossedoutwork should be marked UNLESS the candidate hasreplaced it with
an alternative response.



General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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 applyit’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M)

marks have been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the

mark schemes and can be used if you are using the annotation facility on ePEN:

bod - benefit of doubt
ft - follow through
o the symbolfwill be used forcorrect ft
cao - correct answeronly
cso - correct solution only. There must be no errors in this part of the
question to obtain this mark
isw - ignore subsequent working
awrt - answers whichround to
SC - special case
oe - orequivalent (and appropriate)
d.. ordep - dependent
indep - independent
dp - decimal places
sf - significant figures

* -The answeris printed on the paper orag- answer given



o [ ord..-Thesecondmarkis dependent on gaining the first mark
4. AllAmarks are ‘correct answer only’ (cao), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly

absurd answers should never be awarded A marks.

5. For misreading which does not alter the character of a question or materially
simplify it, deduct two from any A or B marks gained, in that part of the question
affected. If you are using the annotation facility on ePEN, indicate this action by

‘MR’ in the body of the script.

6. If acandidate makes more than one attempt at any question:
a) If allbut one attempt is crossed out, mark the attempt which is NOT crossed
out.
b) If either all attempts are crossed out or none are crossed out, mark all the

attempts and score the highest single attempt.

lgnore 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|pg| =|d |eadingtox= ..

(ax® +bx+c) = (mx+ p)(nx+q), where|pg| =|c| and |mn| =|d| jeadingtox = ..
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 amethod involves using a formula that has beenlearnt, the advice givenin

recent 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 use it, evenif there

are small mistakes 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.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
bedone “inyourhead”, 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 leader for advice.



?\Il:?nsggp Scheme Marks
1(a) y=6x2+3\/;+§
d 3 -2
(aszle—i-Ex 2 MI Al Al
3
Notes
(a)

. . .y . 5
M1: Attempts to differentiate achieving one correct index or for N -0

1
Award for 6x> —...x or 3Jx —..x 2 (oe) or for §—> 0

1
1
Allow indices to be unprocessed for this mark e.g. 6x° —...x*" or 3vx —..x2

1

2

‘ w
—
V)]

Al:  One correct simplified algebraic term. E.g. 12x or %x_ oe e.g.

2

B
N | =

=

Condone 12x' for 12x for this mark.
1 L L
Do not allow 3><§x ? for 75X 2
Award as soon as a correct simplified term is seen.

1
Al: [%) =12x+ % x * or simplified equivalent such as 12x + 13 .

NG
Do not allow 12x1 for 12x for this mark.

ud_y_u

There 1 d f
ere 1s no need for "

so just look for the correct expression and apply isw once a correct

answer 1s seen.

dy | _ 3 4 dy | 3
(aj—12x+§x +c¢ scores AQ here as does e —12x+§x +0




(b) 1 . d
SRR PYLINE IV e
X—4:dx—12><4+2x ] —...(6) M1
15 1
- - :> _ - " 6 " X——
(4 2j Y ( 4]
ore.g. dM1
—"6"x+c:>§—6><l+c:>c—
- 2 - 4 T e
= y=6x+1 Al
3
(6 marks)
Notes
(b)
: 1 . . dy : . dy -
M1: Substitutes x = 1 into their ™ and finds its value. Their ™ cannot be the same as "y".
Score for sight of x = % substituted consistently into their % followed by a value or it may
be implied by a correct value for their % if no substitution is seen.
Condone a miscopy of their % if the intention is clear.

dM1:

Al:

Do not award this mark for work such as
1

dy 3 1], 3(1)2 5 _
(dxj 12x+2x +c= 12[4J+§£Zj +c—0(or§J:>c—...

Correct method for finding the equation of the tangent (not the normal). Look for the correct use

: 1 . .
of their non-zero % at x = 1 and the point (i, gj with the values correctly placed.

. 1
If the form y =mx+c is used they must proceed as faras ¢ = ... e.g. %z "6”Z+c =>c=..

Depends on the first method mark.

y=6x+1 Cso

Note if they do not use part (a) for part (b) e.g. just use a calculator they will need to obtain a

gradient of 6 for the first mark, then apply the scheme.




S Scheme Marks
Number
2. I(x—3)2(2x+5)dx
(x=3)’ (2x+5) = (xz —6x+9)(2x+5) ..
ore.g. M1
(x—3)’ (2x+5) = (x—3)(2x2 —x—lSj ..
=2x" —7x" —12x+45 Al
2 1 4 7 ;5 2
(x-=3) (2x+5)dx:§x —3X —6x" +45x+c M1 Alft Al
(5 marks)
Notes
M1: Attempts to multiply out. Look for an attempt to multiply two brackets together to form a

Al:

M1:

Alft:

quadratic before the result is combined with the third bracket.
Condone slips e.g. (x— 3)2 =x”+9 and it may be left unsimplified but it must lead to an

expression that could be simplified to the form ax’ +bx* +cx+d where a,b,c,d #0
Condone an answer appearing without an intermediate step only if it is of the form (or can be
expressed in the form) 2x + px* +qx+45 where p,g#0

For 2x° —7x”> —12x+45 but allow this unsimplified with the terms uncollected

e.g. 2x° +5x> —12x” —30x+18x+45 and award this mark as soon as a correct expression is
seen. Inclusion of “+ ¢” here scores A0 but the final mark is still available.

So (x—3) (2x+5) =2x" ~7x> —12x+45+¢ is A0 but

j(x—3)2(2x+5)dxzf(2x3 _7x —12x+45]dx+c is ok for Al

For an attempt to integrate any 2 terms with different powers of their simplified or unsimplified
expression by increasing the power of x by 1 following an attempt to expand all 3 brackets.
It is for any 2 of, X > ...x4, O ...x3, X ...xz, k— kx

+1

Allow indices to be unprocessed e.g. XX

There must have been an attempt to expand all 3 brackets so do not award for e.g.
3

(x—3)2 :x2—6x+9—)%—3x2+9x

ore.g. (x—3)2 (2x+5) —>(x—3)2 (x2 +5x) or (x—=3)" (2x+5)—> %(x—3)3 (2x+5)

For 2 different correctly integrated and simplified terms with different powers with indices
processed.

Follow through on any two different terms with different powers of their simplified or
unsimplified expansion.




1 T : : : .
Al: §x4 —%x3 —6x” +45x+c or exact simplified equivalent including the + ¢ all on one line.
Apply isw once a correct expression, including “+ ¢” is seen.

Condone the presence of spurious integral signs and/or dx’s.

Alternative attempts to integrate such as integration by parts or by
substitution - send toreview.




Question
Number

Scheme

Marks

3(a)

2 2 2
5 =2 +4 —2x2x4cos"0"

ore.g.

(5x)2 = (2x)2 +(4x)2 —2x2xx4xcos"9"

M1:

Al:

or Ml
2 2 2
" " 22 + 42 _52 " n (2x) +(4x) _(Sx)
c0s"@"=————— oreg. cos"f"=
2x2x4 2><(2x)><(4x)
=6 =108.2° Al
2)
Alternative using the cosine rule for a different angle and then the sine rule
2 2 2
e.g. 2 =4"+5 —2x4x5c0s" A" => cos" A" = %
= A=2233.° Ml
2 5
sin22.33...  sin"@"
. in22.33...
:>sm"0":w:>6’:108.2° Al
(a) Notes

Note that some candidates may use equivalent correct ratios

5 5 2 4 5 2 4 5
eg. l:2:—or x:2x:—x or —:—:— Or —X:—X:—X
2 2 1111 11 11 11 11

Attempts to use the cosine rule with the sides 2, 4 and 5 or e.g. 2x, 4x and 5x
or e.g. x, 2x and 2.5x in the correct positions for the largest angle.

Condone missing brackets e.g. 2x° rather than (2x)2 as long as the intention is clear.

If they start with a rearranged rule, the values or expressions must be in the correct positions.

0 =awrt 108.2° (Degrees symbol not required)

2% +4x’ —5x

2x2xx4x
Note that attempts to find any of the other angles, correct or incorrect, can be ignored if the
largest angle is found correctly.

Allow missing brackets to be recovered e.g. cos"6°" = = 60 =108.2°

Alternative:

M1:

Al:

Attempts to use the cosine rule with the sides 2, 4 and 5 or e.g. 2x, 4x and 5x in the correct
positions for their angle and then attempts to use the sine rule with their angle and the largest
angle in the correct positions.

Note that they may also find the other smaller angle using the sine rule (or cosine rule) and then
subtract the 2 smaller angles from 180°

6 =awrt 108.2° (Degrees symbol not required)

Note that this method is likely to lead to the acute angle (71.79..
Allow missing brackets to be recovered as above.

.?) and scores A0




(b) A:%absinC:140=%2x><4xsin"108.2°"
ore.g. Blft
1 . 1 5 .
A=—=absinC=140==2ax—=asin"22.33...°"
2 2 2
) 280 _ _
X = $sin('108.2°7 =368..=>x=... M1
Shortest side = 2x+/36.8... =12.1 (cm) Al
3
(5 marks)
(b) Notes
B1ft: Sets up a correct area equation in one variable e.g. x. using 4 = %ab sinC with 4 =140 and
with the sides and angle in the correct positions. Follow through on their 108.2° and they must
have a value i.e. not just “C”.
Itis fore.g. 140 = % x2xx4xsin"108.2°" or with some letter other than “x” but note that
140 = 1 xxx2xsin"108.2°" = x =... is also acceptable as the correct ratio is being used and leads

M1:

Al:

2
directly to the length of the shortest side.
or if they didn’t find the largest angle in part (a), it is for setting up the correct corresponding
equation for their angle.
Full use of 4=...x"sinC with 4 = 140 leading to a value for x (or any other letter) that

involves taking the square root of their variable.
V231

Note some candidates may use the exact value for sin C e.g. o

You do not need to be concerned about the order of operations as long as it involves taking the
square root to find “x”.

Condone errors in sides and/or angles used.

awrt 12.1 (cm). Units are not required but if they are given they must be correct.

Q3 values for reference

NB scale factor "x" = 803531 =+/36.845... =6.0700...




Question

Number Scheme Marks
4(i) Examples:
_ ; 2 2 I
lhs: 321)5:3zp><350r3—5 or — 0r32p:(3p) or 9° or9 °’
3 243 M1
3
1 1 - 5 1
rhs: 5:—2 or 9 1, N27 =3\/?_> or 32, 5\/2 :?
3

Examples:

37 51/27 =377 23" 5 2p-5=05= p=2.25

2p-5 1

2p
3 =§\/27 3 3 3 o3 S =45 p=225
3

37 =$\/27 =37x3” :é\m =9’ =813 = p=225 dMI Al

3777 2 é\/27 =377 %\/5 —3x37 7 =33 23"

=2p-4=05=p=225

5 3
_ P— _ n
3% 5:;/27 —~9 -9 1x94:>p—§=—%:>p=2.25

(©)]

Mi1:

dM1:

Al:

(i) Notes
This part of the question can be solved in many different ways.
If you are unsure if a particular approach deserves credit, seek advice from your TL
This is effectively a B mark and is for using a correct law of indices on the lhs or rhs of the
equation. This may be seen in isolation i.e. not necessarily within the equation.
See scheme for some examples.

Reaches a value for p condoning arithmetic slips but with no incorrect index work e.g.
3 3 1 1
1 2 (1) 22
—x3’ 2(—J ore.g. 3x37 =9,
9 3
See main scheme for examples of acceptable work.
See also supplementary document for some example responses with marks.

Depends on the first method mark.

Fully correct work leading to p = 2.25 o.e. e.g. %, 2% following award of both Method marks.

Correct answer with no working scores no marks in (i)




) 1m0 :>(x2+ 1)(x2—4)=36:>x4—4x2+x2—4=36 Mi
x' -4

—x'—3x"—40=0 ore.g. = x* —3x> =40 Al

(xz—S)(x2+5)=O:>x2 - dM1
x=42.2 Al
“)
(7 marks)
Notes

M1:

Al:

dM1:

Al:

Attempts to cross multiply and expand to obtain a polynomial equation in x or another variable if
36
a substitution is used e.g. y = x> = y+ 1:—4 =(y+1)(y-4)=36=)"-4y+y-4=36
y f—

Correct 3 term quadratic equation in x”. The terms do not have to all be on the same side but

must be collected so e.g. x* —3x" =40 is acceptable.

If the terms are all one side, the “= 0" may be implied by their attempt to solve.
May also be implied by a substitution e.g.

y=x=y+ 1=%:>(y+ 1)(y-4)=36=)"-4y+y—-4=36=)"-3y=40

Attempts to solve 3TQ in x* by any non-calculator means leading to values for x’

This may be implied by substitution e.g. y=x" =" -3y -40=0=(y-8)(y+5)=0= y=...
This may also be implied by their values for x e.g. (x2 - 8)()62 + 5) =0 x=1242

Note that e.g. x* —3x" ~40=0=> (x—~8)(x+5)=0= x =8, -5 scores dMO

but x* —3x" —40=0= (x—8)(x+5) —0=x = 8, —5 scores dM1 by implication.

x=+22 oe. e.g. +./8 and no other values. Do not allow decimal values.

Do not isw if they obtain e.g. x = i\/g and then x =+4 score A0
Similarly if they obtain x =+ 24/2 and then declare . g. therefore x =22 score A0
Must clearly be identified as values of x not any other variable e.g. y or ¢.




Question

Number Scheme Marks
5(a) 2% —16x+50 = 2(x2 —8x+25) —o(x+.) *o BI
=2(x—4) +18 Ml Al
3
Notes
(a)

Bl:  Writes 2x —16x+50 in the form 2(xi...)2 .. ore.g. 2[(xi...)2 i}
2 2 16 8
M1: For 2(x—4) *...ore.g. 2|:(x—4) i} Allow e.g. 7 or Y for —4

Al:  For 2(x—4) +18
Condone any spurious “=0"e.g. 2(x —4)2 +18=0




(b)

b
(b) Eqn of / is y="¥"x
or
2 dy Ml
y=2x —16x+50=> —=4x-16 B1 on ePEN
dx
AtM4x—16:0:>x:4,y:18:>y:§x
2 9 2 2 41
2x —16x+50:5x:4x —41x+100=0 ore.g. 2x +SO:?x M1 Al
4x" —41x+100=0= (x—4)(4x—25)=0=>x=.. ddM1
xzéo.e. Al
4
3
Notes

Mi1:

M1:

Al:

ddM1:

Deduces that equation of /is y = "?"x o.e. Follow through on y = "_ib"x from (a)

Alternatively finds the coordinates of M (p, q) by using calculus and forms the equation y = %x

Equates y = 2 - 16x+50 and their / of the form y =tmx and collects terms to form a 3 term

2
quadratic equation. Condone a miscopy of y=2x —16x+50as long as the intention is clear.

Correct 3 term quadratic equation. The terms do not have to all be on the same side but must be

collected so e.g. 2%  +50= 4l x is acceptable.
If the terms are all one side, the “= 0" may be implied by their attempt to solve.

Correct non calculator method of solving their 3TQ.

Depends on both previous method marks.

Do not allow for quoting the quadratic formula quoted followed by values e.g.
~b+\b —4ac 25

4x —41x+100=0=>x = _2 4
2a 4

41441 — 4x4x100

2x4
Do not allow obvious use of a calculator where the factors do not correspond with their 3TQ

e.g 4x —41x+100=0:>(x—§](x—4)=03x=?, 4

But allow e.g. 4%’ —41x+100=0= x =

ore.g. 2x2—%x+50=0:>(4x—25)(x—4):0:>x:%, 4

25

ore.g. 4x —41x+100=0=> (4x—25)(4x—16)=0=> x= 4

but allow e.g. 4x~ —41x+10020:>4(x—?}(x—4):0:>xz?, 4




and allow e.g. 4% —41x+100=0 = (4x—25)(4x—16)=(4x—-25)(x—4)=0=>x= %, 4

. . . 2
Al:  x= % only. Ifx =4 is also seen, it must clearly be rejected or the x = 75 clearly selected.

Ignore any attempts to find y.

© yS2x2—l6x+50, yZ"%x" BI1ft
Fully defined region E.g. %x <y< 2% ~16x+50 and 0<x <4 Bl1ft
(2)
(10 marks)
Notes
Some candidates are answering (c) at the bottom of the first page of the question so please check there.
Allow use of f(x) for y.

Do not allow use of R for y e.g. R< 2x" ~16x+50 or e.g. y>line

B1ft: Uses C and / with inequalities in the correct directions and ignore any other inequalities for this
mark.
Allow strict or non-strict inequalities and condone a mix of both for this mark.
Follow through on their equation for / and their possibly incorrect completed square form for C.
Examples:

y<2x2—16x+50 and yz"%x“ ore.g. "%x"<y<2x2—16x+50

B1ft: Correct and fully consistently defined region and no incorrect inequalities.
Follow through on their equation for / and their possibly incorrect completed square form for C.
For the restriction on x, allow e.g. 0 < x <4 or written separately as e.g. x >0, x <4 and allow

0 < x < a where a<%

If extra inequalities are given that do not contradict then they can be ignored (see example below)

Examples of full marks in (c):

yS2x2—16x+50, yZ"%x", x>0, x<4
9 2
”Ex”<y<2x —-16x+50, 0<x<4

"%x"<y, y<2x —16x+50, 0<x, x<6.25, y>0




Question Scheme Marks
Number
6(a)
\ "
y : Shape in quadrant 1 M1
|
|
I
| Fully correct shape and
I . Al
| position
|
I -
— | <
) | x=2k
B : Cuts the y-axis at —2 Bl
|
|
|
|
I Vertical asymptote at x =2k | Bl
(C)]
(a) Notes
Marks cannot be scored without a sketch.
M1: Correct shape in quadrant one for the right hand branch. It must not cross either axis but be

Al:

B1:

B1:

tolerant of functions that don't go down as far as the x-axis and do extend as far left as the y-
axis.

Condone curves that touch the x or y-axis as long as they do not cross the axis.

Ignore any asymptotes, correct or incorrect, for this mark.

Correct shape and position (for whole curve). Be tolerant of slips of the pen but the intention
should be clear. Look for the curve in quadrants 1, 3 and 4 with a vertical asymptote in
quadrant 1 and 4. The left hand branch must extend into quadrant 3 and should not
intentionally dip away from the x-axis to e.g. create an intentional maximum.

There should be no horizontal asymptotes other than the x-axis.

Do not allow this mark if the branches clearly overlap vertically. E.g. L

Cuts or touches the negative y-axis once at —2
Must be in the correct position but allow as -2 or y = -2 and condone (—2, O) as long as it is

in the correct place. Condone missing brackets e.g. 0,—2
Allow to appear away from the sketch but it must be fully correct e.g. (0, —2)
If there is any ambiguity, the sketch takes precedence.

For one vertical asymptote to the right of the y-axis marked x =2k

It must be labelled as an equation and not just a value on the y-axis and it must correspond with
the sketch.

The asymptote does not need to be drawn as a dotted line but the curve must be asymptotic to
the correct line for either branch.

Allow x =2k to appear away from the sketch but it must be correct and correspond with the
sketch. If there is any ambiguity, the sketch takes precedence.




6(b) xszk:6—2x:>4k=6x—12k—2x2+4loc o.c. M1 Al
2
2% —(4k +6)x+16k=0= b2—4ac:(4k+6) —4x2x16k dM1
4k2—20k+9:0:>(2k—1)(2k—9)=0=>k=%’%
R ddMI Al
< — > —
so 0<k< 2,k_ 5
(&)
(9 marks)

(b) Notes
M1: Equates curve with given line and attempts to form a quadratic equation.
The terms do not need to be collected.

Look for =6—2x cross multiplies (condoning slips) and proceeds to a quadratic

x—2k
equation.

Al: Correct quadratic equation with brackets expanded which may be unsimplified e.g.

K 62y Ak = 6x 12k — 2% + 4k
x—2k

dM1: Correct attempt to find the discriminant b’ —4ac for their ax’ +bx+c =0 with both b and ¢

expressions in terms of k. May be seen embedded in an attempt at the quadratic formula.
It is dependent upon the previous Method mark.

ddM1: Solves their 3 term quadratic equation/inequality in k resulting from b’ —4ac...0 and chooses
the outside region for their critical values.
Allow calculator solutions for solving their 3TQ and condone factors that are inconsistent with
their equation so just look for the correct or correct ft roots with an attempt at the outside

: 2 1 9 1 9 1 9
regions e.g. condone 4k —20k+9=0= Lk—EJ{k—E] =0= k= 505 k< E’k >3
The roots may be embedded so allow e.g. 4k" —20k+9=0= k< %, k 2% to imply this mark.
Condone the boundaries not being included in the inequality and condone the omission of k> 0
Condone the use of x rather than k.

It is dependent upon both previous Method marks.

Al: CSO O<k£%, kz% o.e. Must be in terms of k.




The following are acceptable:

1 9 1 9 1 9 1 9
- Z < Z <= >Z <= P
0<k< ok 2 O0<k< 5 and k> > 0<k_20rk_2 O<k_2uk_2
9 1 9
z . < Z
( } [2 ) {k.0<k_2, 2}
1 9
But do not allow 0<k<2r\k>2

Do not isw and mark their final answer.




Question Scheme Marks
Number
7(@) %rz x1.65=30=r =... or r=.. MI
r=6.03 Al
(OQ :)6.03+2.8=8.83(m)* Al*
(&)
(a) Alternative
%(OQ—Z.B)2 x1.65=30= (OQ—2.8)2 =..or (0Q-2.8)=.. M1
(00—2.8)=6.030... Al
(OQ =)6.03+2.8=8.83(m)* Al*
Notes
(@)
M1: Uses %rz x1.65 =30 in an attempt to find a value for 72 or r (where r is OP)
Al:  "r"=6.03... orexact 41010 or jlo_l or 20;{ﬁ or </36.36...

Al*: (OQ:)6.03[ . */_ or /36.36.. ]+28 8.83(m)

Must be 8.83 not awrt 8.83
The “OQ =" is not required.

20 /11
There must be some indication that they are adding 6.03[0r e.g. 1\{_ J to 2.8

There is no requirement for units but if any are given they must be correct.

Allow equivalent correct work in degrees e.g. 1.65rads =1.65x 180, etc.

T
Alternative:

M1: Uses %(OQ—ZS)2 x1.65=30 in an attempt to find a value for (OQ—2.8)2 or (00-2.8)

400 20 20J_
Al: (0Q—2.8)—6.03... or exact 1 or\/ﬁ B or +/36.36...

2011
Al%: OQ—6.O3[0re.g. \/_J+2.8—8.83(m)

11

Must be 8.83 not awrt 8.83
No requirement for units but if any are given they must be correct.

Note that any attempts to verify the result in (a) would need a complete argument e.g. attempts to find
the area for 2 suitable values of OQ such as 8.835 and 8.825 for M1, A1 for both areas evaluated
correctly and A1 for fully reasoning that OQ is 8.83 to 2dp.




(b)

(b) Attempts 1x8.83" x(27-1.65)=(180._) M1
Total area = £x8.83 x(27-1.65) + 30=... dM1
awrt 210 (m?) or 211 (m?) Al
A3)
(©) "6.03"x1.65=(9.95) or 8.83x(27-1.65)=(40.91) M1
Full method for perimeter = '6.03"x1.65+8.83 x (27r -1 .65) +2.8%2 dM1
=awrt 56 (m) Al
A3)
(9 marks)
Notes

M1:

dM1:

Al:

(c)

dM1:
Al:

Allow equivalent correct work in degrees.

Attempts %><8.832 x(272'—1.65) or equivalent e.g. 7 X 8.83" —1x 8.83" x1.65
May be implied by awrt 180 or awrt 181 provided no incorrect working is seen.
Attempts 1x8.83" x(27-1.65) +30 =...

Adds 30 to a correct attempt at the area of the major sector of the larger circle.
awrt 210 (m?) or awrt 211 (m?)

No requirement for units but if any are given they must be correct.

Correct answer only scores no marks.

Attempts "6.03"x1.65 which may be implied by awrt 9.95 or 3sf accuracy for their 6.03

provided no incorrect working is seen.
OR

Attempts 8.83x (27r —1.65) which may be implied by awrt 40.9 provided no incorrect working

is seen.
Full method for perimeter = "6.03"x1.65+8.83 x (27[ —1.65) +2.8x2

awrt 56 (m) . No requirement for units but if any are given they must be correct.
Correct answer only scores no marks.

180,181

40.9

4.63 6 1.65 9.95

30

R




SESEn Scheme Marks
Number
8(a) , 8
f(ﬁ)zs:» 2x/5+5+k:5:k:... M1
1-22 Al
2
(b) x=\/§:>y:5\/§—3\/§(=2\/§)
SO y_nz\/znz_%(x_\/z)
. or | MIAI
y:—§x+c:>"2\/5":—§ 2+c=>c=...
1 12
> y=——=x+———
5 5
2
Notes
Mark all parts together.
(a)

M1: Substitutes x = \/5 into f'(x), sets =5 and solves for k.

Condone slips in evaluating f '(\/5 ) as long as the intention is clear.

Al:  Correct exact value k=1-22 oe e.g 1- N3
(b)
M1: Correct attempt at the equation of the normal using a gradient of —% , x=+/2 and y from

substituting x = J2 into y=5x— 32
If they use y = mx + c then they must reach as faras ¢ = ...

1 12

. 1
Al: Correct equation in any form e.g. y—ZJ_:—g(x—\/E) or 5y+x:11\/§ or y=—§x+

Apply isw as soon as a correct equation is seen.

5




(©

f'(x)=2x+x%+k:> (F@) =) =tk e MIALft

(ﬁ,zﬁ):>2ﬁ=2—%+(1—2ﬁ)ﬁ+c:>c=...(2+5\/§) dM1

(c)

M1:

Alft:

dM1:

Al:

2 8
(f0) =)o =24 (1-22)x+ 2452 Al
Q)]
(8 marks)
Notes
Mark all parts together.

Integrates with two terms having a correct index. Allow indices unprocessed.
. . 8 .. _ 4 .
It is for 2 from: 2x — ...x* (or x' 1), — —>—(or ~xtor Lx? 1), k —>...x(0r x° 1)
X X
Correct integration in any form with indices processed.

8
(f (x)) —x - - + kx(+c) but follow through on their &£ which may be a decimal and allow the

letter k. "f(x)=" is not required and “+ ¢” is not required.
Brackets are required around their 1— 2\/5 but they may be implied by their attempt to find “c”
so you may need to check their calculation for c.

Uses x = \/5 and their attempt at y using x = \/E in y=>5x- 342 in their integrated function and
finds the value of c.

8
Correct simplified exact expression (f(x) =) X - 2t (1 - 2ﬁ) x+2+5/2 ore.g.

2 8
f(x)=)x ——+x—-2/2x+2+52. "f(x) =" is not ired.
( (%) )x ~+x J2x J2. "f(x)=" is not require
Brackets are required around their 1—2\/5 if written as in the first example above.

Do not allow 1x” or e.g. %xz for x_ but allow \/g for 2\/5 .

Apply isw once a correct function is seen.




S Scheme Marks
Number
9(a) ) . %
(f(x) =)—4sinx or equivalent such as (f(x)=)4cos| x+ 7 M1 Al
(2)
b)(i Sr
XD (T"‘j Bl1, Bl
2
ii 3
@ (7” —ZJ B, BI
(2)
(6 marks)
Notes
Do not allow the use of degrees in this question.
If there is more than one answer for any part, score the final attempt.
Remember to check for answers written in the question.
()

M1: For any sine or cosine curve with an amplitude of 4 and a period of 27 and which passes

through the origin. E.g. (f(x) =)+4sin(+x), (f(x)=)*4cos (x + %)

Condone the use of @ for this mark and “f(x) = (or “f (&) =") is not required.

Do not allow ambiguous expressions e.g. (f(x) =)—4f (sinx)

Al:  Completely correct expression in terms of x e.g. (f (%) :) —4sin x or equivalent such as

(f(x) :)4cos(x+§], (f(x)=)4sin(x+7), 4sin(—x)

“f(x) =" 1s not required.

(b)
Allow answers to be written as coordinates oras x = ...,y = ...
If more than one answer is given, mark their final answer.

Sw

Condone missing brackets e.g. 3

. 5
, 4 and condone punctuation other than a comma e.g. (%;4)

. . . . . 10z Sm
The x coordinates must be written as single fractions but allow equivalents e.g. % for 53

The y coordinate must be written as single number so do not allow 0 — 2 for -2

Do not allow coordinates the wrong way round e.g. (4, S—ﬂj or (—2, 3—”]

3 2
(d) ()

B1:  One correct coordinate from x = ST” ory=4

B1: (%,4) or x=57ﬂ and y=4




(b) (ii)
B1:

B1:

. 3z
One correct coordinate from x = — ory= -2

3z 3z
[7,—2j0r X=— and y=-2




Question Scheme Marks
Number
10¢a) y=2x3+%x2—2x+5:>d—y=6x2+x—2 soat x=0, d_y=_2 Ml
dx dx
Equation of normal at Pis y =1 x+5 Al
Q is where y=2x3+%x2—2x+5 meets y=%x+5
dM1 Al
3 1 2 1 3 2
2x +Ex —2x+5=5x+5:4x +x —5x=0
2 5
= x(4x +x—5)=o:>x(4x+5)(x—1)=0:>x:—Z ddM1 Al
(6)
Notes
(2)
M1: Attempts to find the gradient of the curve at P.

Al:

dM1:

Al:

ddM1:

Al:

It is for attempting to find the value of % when x =0

. . . 1
There must be some evidence of differentiating e.g. 2x> —...x° or Exz - ..

or —2x — -2 or 5— 0 followed by the substitution of x = 0 which may be implied.
Alternatively deduces that the gradient of the curve at P is -2

. . 1 1
Equation of normal at P is y=5x+5 oe e.g. y—5=§(x—0)

1 : . .
Sets 2x + Exz —2x+5 = kx+5where k is not their gradient of the tangent at P and collects

terms to one side. Must be kx + 5 but condone a miscopy of the equation of C.

. . . . 3 2
Correct cubic equation with terms collected and all on one side e.g. 4x +x —5x=0 or

. 1 o .
equivalent e.g. 2% + Exz —%x =0. The “= 0" may be implied by their attempt to solve.

. . 3 2
Cancels or factorises out an x term from an equation of the form ax +bx +cx=0, a,b,c #0

and solves resulting 3TQ by any means including a calculator.
Condone factors that are inconsistent with their 3TQ so just look for the correct or correct ft
roots.

Allow e.g. 4x +x —5x=0=x(4x+5)(x-1)=0=>x=...

141" —4(4)(-5)

Do not allow e.g. 4 +x —5x=0=x= =...
2x4

If roots of the 3TQ are just written down you may need to check.

They cannot just write down the roots of the cubic equation. Decimals should be correct to 2 sf
or truncated to 2sf.

Depends on the previous method mark.

5 . . .
xX= 1 oe only. Ignore any attempts to find the y coordinate and ignore any incorrect attempts

. . . 5.
at finding the other x coordinate provided x =—— is selected.




Question

Number Scheme Marks

Note: full marks are available for those with an incorrect %that still leads to a gradient at P of -2

Beware in part (a) that it is possible to reach the correct answer fortuitously as follows:

y:2x3+%x2—2x+5:>%:6x2+x—2

Yoo’ +x—2=0=x=1,-2
dx 2’3

And then incorrectly assuming the gradient of the normal to C at P is % and that / has the

equation y=1x+5
This will generally score no marks in (a) it is entirely fortuitous.

If you are unsure if a particular response deserves credit then use Review.




1
(b) Sets d—y:6x2+x—2:— Ml
dx 2
12x" +2x-5=0 Al
244
_ 2++4+240 dM1
24
= -1+ \/a Al
12
“)
(10 marks)
Notes
(b)
2
M1: Sets their % of the form ax +bx—2, a,b #0equal to %
Al: Correct 3 term equation 12x° +2x—5=0 or equivalent e.g. 6x + x—% =0
The constant terms must be collected but the terms do not need to be all on one side so allow e.g.
12x° +2x=5
dM1: Correct attempt to solve a 3TQ resulting from ax +bx—2= % .
Allow calculator solutions for solving their 3TQ and condone factors that are inconsistent with
their equation so just look for the correct or correct ft roots.
Note that only the positive solution may be seen which is acceptable.
If values are just written down you may need to check. Decimals should be correct to 2 sf or
truncated to 2sf.
-1++/61
Al:  x= —J_ only.

12
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A sequence u,, u,, u;, is defined by

where k is a constant.

(a) Write down expressions for u, and u; in terms of k.

(2)
Given that u; = 6

(b) find the possible values of .
3)

(Total for Question 1 is 5 marks)

J

2 P87434A
m |



( )
2. Find the first 3 terms in ascending powers of x of
X
>3
2
giving each term in its simplest form.
“)
(Total for Question 2 is 4 marks)
\_ J
P87434A 3
OmmC Turn over »



VA

of 2 5 g 11 X
Figure 1
. 12
Figure 1 shows a sketch of part of the graph of y= = x=2
x =2

The table below gives values of y rounded to 3 decimal places.

X 2 5 8 11

v 8.485 2.502 1.524 1.100

(a) Use the trapezium rule with all the values of y from the table to find an approximate
value, to 2 decimal places, for

11

12
—dx
2 \/)c2 -2

3)
(b) Use your answer to part (a) to estimate a value for
11
J {1 + 6 de
N
3)

(Total for Question 3 is 6 marks)

4 P87434A
m |



4. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

f(x)=13+3x+ (x +2)(x + k)2 where k is a constant
Given that (x + 3) is a factor of f(x),
(a) (1) show that a possible value of £ is 5

(i) find the other possible value of £.

3)
Given that k=5
(b) (i) write f(x) as the product of two algebraic factors
(i1) show that the equation f(x) = 0 has only one real solution.
(6)

(Total for Question 4 is 9 marks)
5. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(1) Given that
log,x +log,3 =log,27 -1 where a is a positive constant

find, in its simplest form, an expression for x in terms of a.

“4)
(i1) Solve the equation
(log,y)’ — 7(log.y) + 12 =0

showing each step of your working.

“4)
(Total for Question 5 is 8 marks)

6. A circle C has equation x* + y* — 6x — 14y + k = 0 where k is constant.

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

2
(b) Find the radius of C when k = -32

(2)
(c) Find the range of values of & for which C lies completely within the first quadrant.

“4)

(Total for Question 6 is 8 marks)

P87434A 5
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7. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(1) Solve, for 0 < 8 < 180°, the equation
7sin26 = 5cos26

giving your answers, in degrees, to one decimal place.

“4)
(i1) Solve, for 0 < x < 2=, the equation
24tanx = 5cosx

giving your answers, in radians, to 3 decimal places.

(5)
(Total for Question 7 is 9 marks)

8. A curve has equation y = (x + 2)2(4 —X)
The finite region R is bounded by the curve and the x-axis.

(a) Using algebraic integration and showing each step of your working, find the exact

area of R.
C))
(b) Using the answer to part (a) and explaining your reasoning, find the area of the
finite region bounded by the curve with equation y = (3x + 6) (2 - %x} and
the x-axis.
2
(Total for Question 8 is 7 marks)
6 P87434A
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9. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(1) A car has five gears. Given that
* the maximum speed of the car in first gear is 22 kmh'
* the maximum speed in each successive gear forms a geometric sequence
* the maximum speed of the car in fifth gear is 130km h'

find the maximum speed of the car in second gear, giving your answer, in kmh ', to
one decimal place.

“4)
(i1) The first two terms of an arithmetic sequence are 208 and 207.2
Given that S, is the sum to # terms,
(a) find the maximum value of S,
“4)
(b) Hence or otherwise state the smallest value of N such that Sy < 0
(1)

(Total for Question 9 is 9 marks)

P87434A 7
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10. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

De——rm—>»C

2rm

Figure 2
Figure 2 shows the plan view of the design for a stage at a trade fair.

The shape of the stage ABCDEFA, consists of a rectangle ACDF joined to two
congruent sectors of circles. ABC is a sector of a circle centre 4 and FDE is a sector of a
circle centre F.

Given that AC = 2r metres, CD = r metres, angle DFE = 0 radians and the area of the
stage is 30 m’,

(a) show that the perimeter, P metres, of the stage, is given by

P=4r + &
r
C))
(b) Use calculus to find the minimum value for P, giving your answer in the form avb ,
where a and b are integers to be found.
4)
(c) Justify that the value of P found in part (b) is the minimum.
2

(Total for Question 10 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS

8 P87434A
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Question 1

Write the answer to Question 1 on these 2 pages

R0 00O o
P 8 7 4 6 7 A 0 2 2 4



e )

Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 5 marks)
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Question 2

Werite the answer to Question 2 on these 2 pages

R0 00 o
P 8 7 4 6 7 A 0 4 2 4
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Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 4 marks)
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Question 3

Werite the answer to Question 3 on these 2 pages

R0 0 O o
P 8 7 4 6 7 A 0 6 2 4
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Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.
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Question 4

Werite the answer to Question 4 on these 2 pages
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Question 4 continued

This is the end of Question 4 answer space. Please turn the page for Question 5 answer space.

(Total for Question 4 is 9 marks)
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Question 5

Write the answer to Question 5 on these 2 pages

10
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Question 6

Werite the answer to Question 6 on these 2 pages
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Question 7

Werite the answer to Question 7 on these 2 pages

14
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Question 8

Write the answer to Question 8 on these 2 pages
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Question 9

Werite the answer to Question 9 on these 4 pages
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Question 9 continued

This is the end of Question 9 answer space. Please turn the page for Question 10 answer space.

(Total for Question 9 is 9 marks)
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Question 10

Write the answer to Question 10 on these 3 pages
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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 Markschemesshould be applied positively. Candidates must be rewarded
forwhat they have shown they can dorather than 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 on the 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’sresponse is 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 hasreplacedit
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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

M marks: Method marks are awarded for ‘knowing a method and

attemptingto applyit’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M)

marks have been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appearin

the mark schemes and can be used if you are using the annotation facility on
ePEN:

bod - benefit of doubt
ft - follow through

o thesymbol fwill be used forcorrect ft
cao - correctanswer only

cso - correct solution only. There must be no errorsin this part of the

question to obtain this mark

isw - ignore subsequent working
awrt - answers whichround to
SC - special case

oe - orequivalent (and appropriate)



d.. ordep - dependent

e indep -independent

e dp-decimalplaces

e sf-significant figures

e 3k -Theansweris printed onthe paperorag- answer given

e [ ord..-Thesecondmarkis dependent on gaining the first mark

4. AllAmarks are ‘correct answer only’ (cao), unless shown, forexample, as Al ft

7.

toindicate that previous wrong working is to be followed through. Aftera
misread 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.

. Ifacandidate makes more than one attempt at any question:

a) Ifallbutoneattemptiscrossed out, mark the attempt whichis NOT
crossed out.
b) If eitherallattempts are crossed out ornone are crossed out, mark all the

attempts and score the highest single attempt.

Ignore wrong working or incorrect 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+¢) = (x+ p)(x+¢q), where|pg| =|d 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

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 given

inrecent 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 use it, even if

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 inthe

working.



Exact answers
Examiners’ reports have emphasised that where, forexample, an exact answeris
asked for, orworking with surdsis clearly required, marks willnormally 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 happens in particular cases. General policy is thatif it could
be done “inyour 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 your teamleader for advice.



QlEsten Scheme Marks
Number
2
1(3) (u2 =) k—? and (u3 =) k_kfg (: k ;fkg—SJ oe MI1A1
)
®) u3=6:>k—ki=6:>k2—14k+40=o Ml
(k—4)(k-10)=0=Fk =...
or
dM1
(k :) 14++/14> —4x1x 40
2x1
(k=)4, 10 Al
3)
(5 marks)

Mark (a) and (b) together

(@)

. . . 8
M1: Uses the given relation correctly at least once so score for sight of & — T o.e. or condone a correct

follow through expression for u, from an incorrect u,

The expression does not need to be simplified.

. . T . 8
A1: Both expressions correct which may be unsimplified or equivalent e.g. &k — 1 and & -

M1AL. Isw. Condone slips in the notation used for these terms or may not be seen at all.

(b)

M1: Sets their third term equal to 6 and proceeds to a 3TQ in k. You do not need to be concerned by the
mechanics of the rearrangement

dM1:Solves their 3TQ in k via factorisation, the formula or completing the square (usual rules apply).

They are not allowed to just state the roots (AM0AO) and if solved by factorisation then the factorised
version of the quadratic must match the quadratic on the previous line.

Dependent on the previous method mark.

A1l: Correct values and no others



?\lt(;sg:: Scheme Marks
6 6 6 2
2. (2—% —20 4 25.(—fj+ ol I R Ml
2 1 2 2 2
=64—96x+60x" +... BIAIAI
)
(4 marks) ‘

Note that a correct expression scores 4/4

MI1: An attempt at the binomial expansion to get the second and/or third term — needs the correct
binomial coefficient combined with the correct power of x.

6 6
Accept any notation for °C, and °C,, e.g. [1] and (2] (unsimplified) or 6 and 15 from Pascal’s

triangle. May be implied by either term correct (which may be unsimplified).
6 6 2
Alternatively | 2—2 | =2°|1-2 | =2°x6| -2 | or 2°x Ox5(_x
2 4 4 2! 4
(You only need to look for the correct binomial coefficient combined with the correct power of x.)
In either approach condone bracket errors/invisible brackets for this mark.

B1: 64 (writing just 2°is BO ).
Al: One of —96x or 60x° Condone —96x' Must be simplified.

Al: —96x and 60x° (can follow omission of negative sign in working). Condone +—96x if it was part
of an expression (not just an isolated term in a list). Must be simplified.

Note: Terms do not need to be written as a polynomial expression. They may appear as a list or appear
on different lines. isw once the correct simplified terms have been found unless they divide all terms by
eg. 4



Question Scheme Marks
Number
3 1 B1
@) States & = 3, or use of 5><3
{8.485 +1.100+2( 2.502 + 1.524 )} M1
= 1x3 x{17.637} = awrt 26.46 Al
3)
(b)
Either adds 9 or halves their answer from part (a) M1
Full attempt using a correct method
Estimate =9 + 13.23 = awrt 22.2 dMI1A1ft
3)
(6 marks)

(a)Note using the integration button on the calculator gives 22.307... and is unlikely to score any
marks.

B1: for using 1x3 or 1.5 or equivalent (allow for sight of a correct calculation or expression for /) or just

states h=3

MI1: requires the correct{ ...... } bracket structure. It typically requires

e the “outside” brackets to contain first y value plus last y value and the “inside” bracket
o the “inside” bracket needs to be multiplied by 2 and to be the summation of the remaining y values in
the table with no additional values.

If the only mistake is a copying error this may be regarded as a slip and the M mark can be allowed

Condone a missing trailing bracket and condone invisible brackets if the correct structure is implied by
their answer.

MO if values used in brackets are x values instead of y values

May attempt separate trapezia which is acceptable condoning a copying error only.

Al: awrt 26.46 after attempt at trapezium rule. isw

(b) Note using the integration button on the calculator gives 20.153623... with no working scores
MO0dMOAO
Attempts at using the trapezium rule instead of the answer to part (a) scores MOdMOAO0

M1: Correct attempt at one aspect of the integral.

Either 9 +.... or calculates Y4 of their answer to part (a) . Allow 11-2 for 9.



The expression or calculation is sufficient but may be implied by their answer provided it is not 20.1536....
You may need to check this on your calculator.

dM1: Attempts 9+ ' their answer to part (a). It is dependent on the previous method mark. The expression
or calculation is sufficient but may be implied by their answer provided it is not 20.1536.... You may need

to check this on your calculator.

Alft: awrt 22.2 or ft on their answer to part (a) giving an answer to 3sf or better. isw.



Question

Number Scheme Marks

4 (a)(i) e.g. £(=3)= 13-9—(k—3)’ =4—(k—3)*and states when k =5, f(-3) =0 BI1*

(a)(ii) Uses f(-3)=0= (k—3) =4=k=(5),1 M1Al
3)
(b)) 13+3x-|—(x-|—2)(x+5)2:13+3x+(x+2)(x2+10x+25):13+3x+x3+.... M1
=x +12x +48x+63 Al
Hence f(x)=(x+3)(x* +9x+21) dM1A1
(C)]
(b)(ii) | e.g. Attempts "b* —4ac" for their (x* +9x+21) M1

e.g. B> —4ac=-3<0 = (x> +9x+21)has no roots and hence f(x)=0 has Al

one solution, —3
(2)
(9 marks)

(a) Mark (a) parts (i) and (ii) together

(i)

B1*: Either sets f(—3) =0 and states or shows k=5, or finds f(—3) and states or shows that when
k =5, f(-3) =0 Must be k£ not x. The “=0” must be seen somewhere it cannot be implied.

May be found at the same time as the other possible value for k£ which is fine as we mark both parts
together. Allow the root to be stated once a correct equation in & only is formed.

May see e.g. —k* +6k—-5=0=k=5

A conclusion referring to kK =5 is only required if £ =35 is used in their solution by setting
£f(-3)=0

e.g. 13-9—(k-3)> =13-9-(2)’ =0 “so k=5 or if they attempt to divide the cubic by x+3

with k=35 substituted to reach a remainder of 0

Allow a preamble followed by a minimal conclusion e.g. proven, shown, tick QED is condoned.

(ii)
M1: Sets up and attempts to solve a quadratic in k using a correct valid method (they cannot just state the
roots):
e.g 4—(3+k) =0=>(3+k)’=4=3+k=82=k=5,1
eg 4—(3+k) ' =0=k>—-6k+5=0=(k-5)(k-1)=0=k=5,1

(may use the quadratic formula)

Do not allow this mark to be scored for poor attempts at multiplying out the brackets i.e.
(k-3) =4=k -9=4=k=..
The “= 0” may be implied.




Al: k =1following M1. Condone —k” + 6k —5=0= (k—5)(k—1)=0= k =5,1 but just stating the roots

scores MOAO. Condone use of x instead of & for this mark.

Note: There may be other more long winded methods requiring a lot of algebraic manipulation. e.g. look
out for attempts at algebraic division and setting the remainder equal to 0.

If you see an approach which you may think deserves credit then send to review.

(b) Mark (b) parts (i) and (ii) together
(b)(i) Note that work seen in (a) must be used in (b) to score

M1: Attempts to multiply out the expression with £ =5 to form a 4-term cubic expression
Ax’ + BxX* + Cx+D where 4,B,C,D # 0. Condone algebraic slips including (x+5)° = x* +25

Al: X +12x +48x+63 (which must be simplified)

dM1:Attempts to divide their cubic by (x + 3) to achieve a quadratic factor. It is dependent on the previous

method mark.

Look for two correct terms for their cubic (allow t).
e.g. first and last terms are correct (allow *) if done by inspection

Al: Correct factorisation (f(x)=) (x+3)(x* +9x+21) Must be written as a product. Condone missing

trailing bracket. Ignore if = 0 is seen
(b)(ii)

M1: Attempts to show that their three-term quadratic ““(x* + 9x+ 21)” does not have any roots:
e Attempts the discriminant

e.g. b’—4ac =81-4x1x21 (= —3) (may be embedded in the quadratic formula)

e Attempts to use the quadratic formula

—9+4.,/9" —4x1x21 9+ [3i
ce (v) 2 S

but do not allow directly from a calculator

2
e Attempts to complete the square
9Y 9) 81
2 _ 7 — 7 _o°
e.g x +9x+21—(x+2J +... (x+2J 7 +21

e Uses calculus to find the turning point
d(x* +9x+21)

9
2x+9=0=>x=—-=vy=..
c.g or > y



Note that any attempts using the discriminant or quadratic formula must have the values

embedded in the correct places (may be partially evaluated) to score M1

Al: Dependent on a correct x* +9x+21

Fully correct argument that requires:

e Fully correct work

e A justification depending on strategy and no incorrect reasoning seen
e A conclusion which refers to (x =) —3 is a root or the only solution comes from x+3=0 (allow

(x =) —3 to have been stated in their working somewhere which is not the value of the discriminant)

Note be careful not to award this mark if the only reference to —3 is the value of the discriminant

Examples on the next page — Note we must see working before they proceed to a correct root or
minimum value — see M1 for guidance

but NOT -3 #0 sono
roots

Via using the
quadratic formula

—3 <0 / which is not
possible / complex
roots o.e. / cannot
square root a negative
/ no (real) roots

Via completing the
square

which has a minimum

value of % / minimum

(of the positive
quadratic) is above the
X-axis

—% <0 / cannot

square root a negative
/ no (real) roots

Via calculus

which has a minimum
3 ..
value of Z / minimum

(of the positive
quadratic) is above the
x-axis

Correct work Justification Conclusion
Strategy
examples examples examples
-3<0
Via discriminant b’ —4ac=-3 —3 0 no (real) roots

so “—3 is the only
(real) root” / “only
solution comes from
x+3=0"/“only one
solution” (provided

x =-3 has been stated
somewhere in their
solution)

[Note be careful not
to award this mark if
the only reference to
—3 is the value of the
discriminant]




Condone 81—-84 <0 as a justification that the quadratic has no real roots

Note condone the conclusion —31is the only (real) solution (instead of (real) root). If (x+3) is described as
aroot or —3 is described as a factor this scores A0



SUICELET: Scheme Marks
Number
5- log, x+log,3=log,27-1 = loga;—;:—l MIAL
3% _ dM1
27
- 9 Al
= x=9a"' ==
X a or x P (4)
() | »>—7p+12=0 and attempt to solve to give p= or logs y = M1
p(orlog;y)= 3 or 4 Bl
y=5or 5 M1
y =125 and 625 Al @
8 marks

(@)

MI1:  Uses sum or difference of logs correctly to combine at least two of the original terms e.g. log, 3x
May be implied by e.g. log, 9 or a correct equation not in terms of logs which is not the correct

answer.
Condone no base written.

Al:  Uses correct log work to obtain a correct simplified equation where either

: : 3
e the log terms have been collected on one side of an equation log, % =-1e.g

27
o the equation is simplified to e.g. log3ax =log27 ore.g. log, 3x =log, —
a

Base a does not need to be written. May be implied by an equation with no logs which is not the final
answer.

dM1: Removes logs correctly from an equation of the form log...=log... or log...=... and proceeds to a

in terms of x or x in terms of a. May be implied by an equation with no logs which is not the final answer.
It is dependent on the previous method mark.
Al:  Correct simplified answer

(i)  Note on epen this is M1A1M1A1 but we are marking this M1B1IM1A1
M1:  Attempts to solve the quadratic in log, y (or may use another variable) by either factorising,

completing  the square or using the quadratic formula (usual rules apply). They cannot just state the
roots.



B1: Obtains both 3 and 4

MI: Finds a value for y by either y=5"" or y=5". We must see this expression for at least one of

their y values otherwise MOADO.

Al: 125 and 625 (and no others) provided all previous marks have been scored.



Ol dlel] Scheme Marks
Number
6(a) (x+32 +(y+7) +..=... Ml
Centre = (3,7) Al
(2)
(b) Attempts (+£3)° +(£7) £32 Ml
Radius = 3410 Al
(2
(©) Uses radius <3 =9+49—-k <9 or usesradius>0 =9+49-k>0 | Ml
k> 49 or k<58 Al
Uses radius <3 =9+49—-k <9 and uses radius > 0 dM1
=94+49-k>0
49 < k <58 oe (see notes) Al
C))
(8 marks)
(@
MI:  Attempts to complete the square. Accept (x+3)* +(y =+ 7)2 +...=...as evidence.
Also score for (i3,ir7)
Al:  (3,7) which may be given separately x=3, y =7
Condone missing brackets provided the intention is clear.
(b)
MI1:  Attempts to find » or » 2. Look for (+3) +(+7)* +32 or \/(13)2 + (w_L7)2 +32 . Ignore labelling.
May be implied by sight of £90 or e.g. £58+32
Al: Radius = 3410 or exact equivalent such as /90 Isw. Decimal answers only score A0. Do not
accept *
(©) Condone use of strict or inclusive inequalities for any of the marks in this part
MI1: Uses the fact that the radius must be less than 3 (or ,, 3) or uses the fact that the radius is > 0 or
...0 to form a correct inequality. Do not allow sign slips.
Al:  Either k>49 or k<58 (ignore the other part of the inequality if written as e.g. 0 <k <58. Allow
use of inclusive inequality.
dM1: Uses the fact that the radius must be less than 3 (or ,, 3) and uses the fact that the radius is > 0 (or

...0) to form two correct inequalities (or may be combined). Do not allow sign slips. It is dependent

on the previous method mark.



Al: 49 < k <58 but condone 49<k,, 58 or 49,, k<58 or 49,, k,, 58 oe Must be in terms of &
e.g. may be written in alternative forms such as (49, 58), (49, 58], [49, 58], [49, 58) or
e.g. k>49Nk <58 or 58>k >49 or k>49, k,, 58 but do not allow e.g. “k >49 or k<58~



Gl)\lLth?nSggp Scheme Marks
5
7 (i) (26 =)arctan [—] MIA1
7
((9 =) awrt 17.8°,107.8° dM1A1
C))
(i) 24tan x = 5cosx => 24sinx =5cos’ x oe Ml
= 24sinx =5(1—sin’ x) dM1
= 5sin’ x+24sinx—5=0 Al
—sinx=1 ddM1
= (x =) awrt 0.201, 2.940 Al
Q)
(9 marks)

In either part condone poor notation, mixed variables or omission of variables in their working
provided the intention is clear or implied by further work.

There may be other methods e.g. using double angle formulae. Send to review if you think it
may be credit-worthy.
(i) Note that answers only with no working seen scores 0 marks

sin 26

cos20

M1: Attempts to use the relationship tan 26 =

to solve the equation.

Score for e.g. 7sin20=5c0s26 = tan 26’=é oe Condone tan 2H=Z oe
7 5

(May use another variable e.g. x =20 provided the intention is clear)
5
Al: (20 =)arctan[—}. May be implied by awrt 35.5° or a value for @ of awrt 17.8° provided M1
7

has been scored. Condone in radians.

dM1: Proceeds to find at least one value for & Condone slips but the correct order of operations is

required. May be implied by one correct value or truncated 17.7° (which may be in radians). You
may need to check this on your calculator.

Al: (9 :) awrt 17.8°,107.8° and no others inside the range following all previous marks scored

(must be in degrees but condone the omission of the degrees symbol). Isw if they round incorrectly
following correct answers seen.

Alt(i) Squaring both sides
M1: Squares both sides and uses *sin” x +cos” x = +1 to produce a quadratic equation in Sinx or
COSX. Condone slips on the coefficients when squaring.



Al: (49sin” 20 = 25(1 —sin’ 20) =) 74sin® 20 =25 0¢ or

(49(1 —cos” 20) =25cos” 20 :) 74cos” 20 =49 oe

dM1:Proceeds to find at least one value for & Condone slips but the correct order of operations is
required.
May be implied by one correct value or truncated 17.7° (which may be in radians). You may
need to check this on your calculator.

Al: (0 :) awrt 17.8°,107.8° and no others inside the range following all previous marks scored

(must be in degrees but condone the omission of the degrees symbol) Isw if they round incorrectly
following correct answers seen.

(ii) Note that answers only with no working seen scores 0 marks

. sinx . .
M1: Uses the identity tanx = and moves to an equation of the type Asinx = Bcos’ x oe

COS X
dM1: Uses +cos” x =+1+sin” x to produce a quadratic equation in sinx . Terms do not need to be
collected on one side of the equation for this mark but any brackets should be multiplied out.

Al: 5sin® x+24sinx—5=0o0e (terms do not need to be on one side for this mark but if they are
then the = 0 may be implied by further work)

ddM1:Attempts to solve their 3TQ in sinx which may be directly via a calculator. You may need to
check this. It cannot be implied by correct angles for their roots to the quadratic.

Al: Both (awrt) (x :) 0.201, 2.940and no others inside the range following the award of the

previous 4 marks. Must be in radians. Isw if they round incorrectly following correct answers seen.
Note 2.941 is A0



Question Scheme Marks
Number
8(a) y:(x+2)2(4—x):(x2+4x+4)(4—x):(16+12x—x3) M1
2 4 @
Area =|:l6x+6x ——X :l dM1A1ft
4
-2)
:[64+96—64]—[—32+24—4]:108 ddM1Al
)
(b) Attempts 4.5x(a) =486 Bl1ft
: : : . Bl
Gives a valid reason why the area is 4.5 times greater
(2)
(7 marks)

(a) Note that if no integration is seen then maximum score is M1dMO0AOftddMO0AQ. Attempts
at integration by parts send to review.

M1: Attempts to multiply out to achieve a cubic. Look for:
2 2
egy=(x+2) (4—x) = (x +...+4)(4—x) =...0r

y:(x+2)(x+2)(4—x):(x+2)(8 ..... —xz):....

FYL: y=16+12x— x which may be unsimplified.

dM1: Raises the power by one in at least two terms. Indices do not need to be processed for this
mark. It is dependent on the first method mark.

Alft: 16x+6x —%x4 follow through on their cubic which may be unsimplified. Indices must be

processed — may be implied by further work.

ddM1:Uses the limits —2 and 4 and subtracts either way around. The expression with the limits
substituted in (or may be partially evaluated) is sufficient to score (condone slips) or

4
[1 6x+ 6x2 —%xﬂ =108 can score both final marks.
-2

It is dependent on both previous method marks. May be implied by 108 but if no method is
shown and just a value stated that is not 108 then ddMOAO. May split the area into separate
regions and add together.

Al: 108 provided all previous marks have been scored.



(b) Note they must be using their answer to part (a) in part (b).

Condone any reference to incorrect limits which may be seen on their integral expression
in (b) which follow through from part (a)

Blft: 4.5x(a)=486 or follow through on their part (a). If just a value is stated then BOft.
B1:  Gives a valid reason why the area is 4.5 times greater than their part (a).
This can done by
¢ manipulating the expression by taking out factors
2 1 2 2 1 9 2
e.g. (y =(3x+6) (Z—Exj =j 3 (x+2) x§(4—x) = 5><(x+2) (4—x) oe we would need to

. : 9 1 2 .
see working leading to 3 e.g. both 9 and 5 oec e.g. 33 or taking out one of the factors (but not

. . 9 .
just directly to ) in one step), or

e multiplying out all of the brackets and proceeding to

2 9 3 2 9 3 9 3
(y:18x — o+ 72018 +72—18x=j—§x +54x+72:§(—x +12x+16)

: : 9 . . :
Condone just taking out a factor of 3 oe from the correct cubic leading to a correct expression

1 1 ?
e showing where 4.5 comes from e.g. 3’ x 5 =45 or 9XE =45 or By =4.5 but not just % =45

e explaining that the original curve has been stretched by a scale factor of 4.5

There may be other ways of showing this which are credit worthy — send to review if you are unsure.



QIS iel Scheme Marks
Number
. s 130 MI
Method of finding » e.g. 7" =—
9 (i) 22
(r=) awrtl.6 Al
Max speed in second gear is 22x"1.559" =awrt34.3 (kmh™") dM1Al
C))
(ii)(a) €.g u,=208+(n—1)x(—0.8)=0=n=... M1
(n :) 261 (or 260) (allow 260.5 see notes) Al
112 1"
e.g8. Soep :%(2x208+(n—1)><(—0.8)) dM1
Maximum S, =27144 Al
C))
(b) 522 B1
0y
(9 marks)

(@
M1: Either a correct equation in 7 only e.g. 227* =130 or states a =22 and forms a correct equation in a
andr e.g. a =22,ar* =130 . May be implied by a correct expression for », which may be part of

their calculation to find the maximum speed in second gear.
130 65 o . N
Al: awrt 1.6. Accept ¢ > or 4 11 May be seen within a calculation or implied by awrt 34.3

dM1: For attempting 22x"1.559" Tt is dependent on the previous method mark.

Al:  awrt 343 (kmh ') Units are not required

(ii)(a) Note candidates must show all stages of their working. Solutions relying entirely on calculator
technology are not acceptable. A correct answer only or a correct answer with only 260 or 261 stated
send to review.

MI1: For an acceptable method of finding the number of terms required to find the maximum value of S.
e.g. finds n by e.g. using u, =208+ (n—1)(—0.8) =0 (condone missing brackets around —0.8) or

208
alternatively score for 08" Allow to show trial calculations of u,,, =0.8 or u,,, =0. May be
implied by 260 or 261
Alternatively sets S = 3[2 x208+(n—1)x (—0.8)] and either

e differentiates and sets =0 : S, =208.4n—0.4n> =208.4—0.8n=0=n=... look for n* —n*"

for at least one term, set the result equal to zero and finds # (condone slips in the rearrangement)
* uses roots: S, =208.4n—0.4n> =0=n(208.4—0.4n)=0=>n=0, n=... and then finds the

midpoint of  the two roots
e completes the square: S, =208.4n—0.4n" =0= —0.4(112 —521n) = —0.4(n —260.5)2 t.=>n=..

to find the position of the turning point



Al:

dM1:

Al:

(ii)(b)

Bl

. . 521 .. .
260 or 261 terms required for maximum S, (condone 260.5 or 3 if using the sum formula)

Attempts S, = ﬂ 2(208)+ (n—1)(—0.8)) or S.,.. = ﬂ 2(208) + (n—1)(—0.8)
p 261 > 260 >

Alternatively attempts S.q. = %(208 +70.8") OF Sugye = %(208 +"0")

They must have the correct combination of values. It is dependent on the previous method mark.
Condone missing brackets around —0.8

The value for n must be an integer which cannot be implied. It must be stated or seen embedded
in the sum formula. If the integer value of # is stated and they proceed directly to an answer with no
method shown then you may need to check this.

27144 cao following sight of 260 or 261

There are other alternative methods which may be credit worthy.
If they use trial and improvement send to review.

522 cao



Question

Scheme Marks
Number
10. (a)
_ 2 2 2
Sets 30=2r +2r 0+2r 0 M1
2 2 2 Al
30-2 30-2 30-2
Obtains 470 = L oeor = 2r oe or 10 = T oe
4y 4r
Uses P=6r+4rf with their @ or ..r6 substituted dMl1
2
— %
P:6r+30 2r :4r+£* Al
r r
(C))
Differentiates with 7 —> Ml
(b)
593 :
dr =
Solves iiﬁ =0= (r = 175] and substitutes to find P dM1
r
15 3042
P32 o 5250 |- 450 Al
[ 215 ]
(C))
© 2
dP |60 60
eg finds | —=|—5=——=5=.. M1
dr ro "2.7"
d'p y
e.g. states that | — = | awrt3>0 hence minimum Al
dr
2)
(10 marks)
(a) Note that using 0 as an angle in degrees can only score a maximum of M1A0dM1A0*

M1:

Uses the area is 30 m? to form an equation of an allowable form.

Condone slips/incorrect formulae but score for a form 30 = Ar’+Br'0 oe which may be

unsimplified.




2 2 2
30-2r 30-2r 30-2r

Al:  Obtains 470 =—— or 0= — or ¥l =———— or other equivalences e.g.
r 4y 4r
30
2rf = —-—
ro=>"-r

dM1: Uses P=Cr+Dr6 with their @ or ..r0 substituted to form an expression for the perimeter in
terms of 7. It is dependent on the previous method mark.

Al*: Obtains the given answer with no incorrect work but condone bracket omissions to be
recovered provided it is before the final answer. Must see P = ... oe in the correct place which may
come earlier than the final  line.

Mark (b) and (c¢) together
Do not be concerned with notation on left hand side provided the intention is clear.

2
Condone d_y and d_y
dx dx?
(b)

-1 =
M1: Differentiates r —r

dpP 30
Al: E: 4—r—2

2

dM1: Solves M_EZ =0=>r :_,,(: I;J:pz ... (where M x N >0) and uses the model with r to
r

find a wvalue for P. (Do not allow this mark to be scored from unsolvable equations such as 4 + 2 =0
r

)

You do not need to be concerned with the mechanics of the rearrangement. Condone use of
Inequalities provided they reach a single value for P. It is dependent on the previous method
mark. You may need to check this on your calculator but the use of decimals will score MO
(and subsequently A0).

Al: (P =) 4\/% only
(c)

MI1: Any of the following possible approaches:
&P
e finds (—2 =] — and either calculates its value at their » or considers its sign at their » (which

dr r

must be positive and not made positive from a negative answer)

dP
e finds the value of T either side of their » = \/g

e finds P either side of their » = \/g provided a value for P at their r = \/g was found



Al: Requires a correct second derivative, a correct 7 (to at least 2sf), a correct calculation (or
statement) and a conclusion.

dp 6o _ [(dP o
e.g. > =|— with | —=|awrt3>0 at » =awrt2.7 means (P is a) minimum.
dr r dr
2 2
dpP |60  [dP 0 . ..
e.g. > =|— with | —=|—5>0 as »>0 so (P is a) minimum
dr r dr r
dp 6o  [(dP o
e.g | —5=|—5 with | — = >0 so (P is a) minimum

dr r dr (\/E )3

2

Condone poorly worded conclusions which suggest the value of 7 is a minimum (instead of P)
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r

1. An arithmetic series starts
78+ 75+72+ ...

Find

(a) the 18" term in the series,
(2)

(b) the sum of the first 100 terms of the series.
(2)

.
V) N 0 S
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Question 1 continued

(Total for Question 1 is 4 marks)

9

3

Turn over »

0 3 3 2

A

8 1 2 6

P

O]



r

2. The first 4 terms, in ascending powers of x, in the binomial expansion of

(1+px)"
are
1+ 15x + g™+ rx’

where p, ¢ and r are constants.

Find the value of p, the value of ¢ and the value of 7.

()

)
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N

S
=V

Figure 1

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 1 shows a sketch of the curve with equation y =3 x2"*
The point P(k, 300000) lies on the curve.

(a) Use logarithms to find the value of & to 2 decimal places.

2

X —0.5 1 2.5 4.0 5.5 7

y 4.243 1.5 0.530 0.188 0.066 0.023

The table shows corresponding values of x and y for y =3 x2"
The values of y are given to 3 decimal places where appropriate.

(b) (i) Use the trapezium rule, with all the values of y from the table, to find an
approximate value, to 2 decimal places, for

7
I 3x27" dx
-0.5

(i1) Use your answer to part (b)(i) to estimate

7 05
J > dr J' 2" ds
0.5 -

3

2
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Question 3 continued
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

f(x) = 4x’ + 13x° — 10x + 8
(a) When f(x) is divided by (x — 2) the remainder is R and the quotient is O(x).
(i) Find O(x).

(i) Find R.
“4)
(b) (1) Use the factor theorem to show that (x + 4) is a factor of f(x).
(i1) Hence prove, using algebra, that the equation f(x) = 0 has only one real solution.
)
(c) Find the range of values of x for which f(x) is decreasing.
3
10
P Y0 S
P 8 1 2 6 9 A 0 1 0 3 2

J N



Question 4 continued

11

Turn over »

8 1.2 6 9 A o0 1 1 3 2

P

O]



s

Question 4 continued

12

P8 1 2 6 9 A 0 1 2 3 2

m |




14 h

Question 4 continued

: (Total for Question 4 is 12 marks)
L J

13
. A A -
P& 126 9 AO© 1 3 3 2 Turn over




In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(1) Solve, for 0 < 6 < 360°, the equation
4tan @+ 5sin =0

giving any non-exact answers to one decimal place.

)
(i) Solve, for 0 < x < =, the equation
sinx cosx 5
+—=
cCosx sinx cosx
giving the answers, in radians, to 3 significant figures.
“4)
14
MR O A D R0 emo
P 8 1 2 6 9 A 0 1 4 3 2
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VA

A(-2, 18)

B(14, 6)

Figure 2

The points 4(-2, 18) and B(14, 6) lie on a circle C, as shown in Figure 2.
Given that 4B is a diameter of the circle C,

(a) find an equation for C, making your method clear.

()

A circle C, has its centre at the origin.

Given that circles C, and C, touch,

(b) find possible equations for C,
4)

.
18
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Q
=V

Figure 3

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve C with equation

5 1

y=x —4x’ —kx’ +28x—44 x>0
where £ is a positive constant.

(a) Find % in simplest form.

2
The point 7, shown in Figure 3, is a minimum stationary point on C.
Given that the x coordinate of 7" is 9
(b) show that k=6
2
The line through T parallel to the x-axis meets the y-axis at the point V.
The finite region R, shown shaded in Figure 3, is bounded by C, the y-axis and the line
segment NT.
(c) Use algebraic integration to find the area of R, giving the answer to 3
significant figures.
(6)
R A
P 8 1 2 6 9 A 0 2 2 3 2
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(
8. (1) A geometric series has first term a and common ratio 7.
Prove that the sum of the first n terms of this series S, is given by

_a(l-r")
1-r

S

(€))

(i1) A liquid is to be stored in a barrel.

Due to evaporation, the volume of the liquid in the barrel at the end of each year is
8% less than the volume of the liquid in the barrel at the start of the year.

At the start of the first year, the barrel is filled with 150 litres of the liquid.

(a) Show that the amount of the liquid in the barrel at the end of 6 years is
approximately 91 litres.

2

At the start of each year a new barrel is filled with 150 litres of the liquid so that, at
the end of 40 years, there are 40 barrels containing the liquid.

(b) Calculate the total amount of the liquid, to the nearest litre, in the 40 barrels at

the end of 40 years.
3)

)

26
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In this question you must show detailed reasoning.
Solutions relying on calculator technology are not acceptable.

(1) Solve

2log,(4x +5) —log,(x +3) =2

)
(i) Given that a > 0,5 > 0 and
log,,a +log,, b=log (a+Db)
(a) prove that a= % .
(b) Hence write down the full restriction on the value of b, giving a reason for
your answer.
2
30
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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 Markschemesshould be applied positively. Candidates must be rewarded
forwhat they have shown they can dorather than 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 on the 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’sresponse is 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 hasreplacedit
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks for the paperis75.

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

e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

e 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 used if you are using the annotation facility on
ePEN:

e bod - benefit of doubt

ft - follow through
o thesymbol f willbe used for correct ft
e cao-correctansweronly

e Cso - correct solutiononly. There must be no errorsin this part of the
question to obtain this mark

e isw-ignore subsequent working

e awrt-answerswhichroundto

e SC-specialcase

e Oe-orequivalent(and appropriate)
e d..ordep-dependent

e indep -independent

e dp-decimalplaces

o sf-significantfigures

e 3k -Theansweris printed onthe paperorag- answer given



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

. AllAmarks are ‘correct answeronly’ (cao), unless shown, forexample, as Al ft
toindicate that previous wrong workingis to be followed through. Aftera
misread 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) Ifallbutone attemptis crossed out, mark the attempt whichis NOT
crossed out.

b) If eitherallattempts 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|pg| =|d |eading tox = ..
(ax* +bx+c) = (mx+ p)(nx+q), where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a‘ leadingtox = ..

2.Formula
Attempttouse correct formula (with values fora, b andc)
3. Completing the square

Solving x> +bx+c=0: (x4 tgte,  ¢#0|eadingtox= ..

Method marks for differentiation and integration:
1. Differentiation

Power of at least 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 use it, 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 surdsis 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 happens in 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.



(a)

1(a) 78+17x-3=27 M1, AT
(2)
(b) %(2x78+99x—3) M1
= —7050 Al
(2)
(4 marks)

M1 Attemptsto find the value of a+(n—1)d witha=78,n=18andd=-3. E.Q.

Award for 78 +17x-3=...

Condoneslips, so forexample 78 writtenas 87...

BUT writing 78 as 18 (whichiis the value of n) or -3 as 3 are notregarded as slips
Writing down 27 scores both marks

Listing is acceptable only if they write down 27 as the answer

Al: 27

(b)

M1: Attempts the correct sum formula for100 terms. Son =100 must be used

(twice).
Condone with d =+3andslipson 78 ... BUT writing 78 as 18 isnot regarded as a

slip
100 100
Award foran attempt at 7(2><78+99><—3») or T(2>< 78+99x3)0.e.

Writing down —7050 scores both marks
You may see the alternative formula used, usually seen with an attempt to find

Uy, first.

Look for %(78 +u,,, ) condoning the same slips on 78 and u,,, found via

78+99x£3

Al: =7050 but thisis notisw. Withhold this markif they write —7050 and follow this
with 7050

Guidance on applications of formulae for this question:



If a candidate writes out a fully correct formulaincluding bracketing, followed by
the correct embedded values they can be awarded M1.
E.g. n" term=a + (n—1)d = 18" term = 78 + (18 —1) -3 =92 should be awarded M1, AO

asthe correct formula and embedded values are seen

However, 18" term = 78 + (18 —1) -3 =92 should be awarded MO as the correct

formula cannot be implied

Similarly writing 18" term = 78 +19x -3 =.... should be awarded MO, AO as it implies
theincorrectformula a + (n+1)d



?\ltenfggp Scheme Marks
2 (1+px)10:l+10px+10><9p2x2+10X69X8p3x3+
Sets10p=15= p=1.50.€. MI1Al
Finds the value of 45p” = ¢ =101.250.e. MI1AT
Finds the value of 120p" = r = 405 M1AT
(6)
(6 marks)

M1:Sets 10p=15=p=... orl0px=15x = p=...

Alternatively score fora correct simplified expansion of
(1 + px)10 =1+10px+45p° x> +120p°x* + ...

Al: p=1.5 o.e. Candidates who simply state that p =1.5canbe awarded M1, Al

| : . . ,
0x9 p’x* orequivalent using their value of p which may or

M1: Finds a value for 45p° or

may not have been foundvia a correct method.

Al: States acorrectvalue for ¢ =101.25 o.e following the award of M1

10 x

M1 Finds the value for 120" or 3—9'X8p3x3 or equivalent using their value of p which

may or may not have been found via a correct method.

Al: States a correct value for » =405 following the award of M1




Special Case I: Candidates who leave the x? AND x3in their answer

Candidates who show a correct method but state ¢ = 101.25x" AND 7 = 405x° following
M1, Alcanscore SC1,1,1,1,1,0

10
Special Case ll: Candidates who find the value of p and then expand (1 + %x)

Candidates who show a correct method to find p then expand
10
(1 + %x] =1+15x+101.25x" +405x without explicitly stating gandrcanbe awarded all

of the marks

Answers with limited or no working;

If the candidate gives a correct expansion of (1+ px)", whether simplified or not, then

allmarks are available.

E.g (1+px)° =1+10px+45 (px) +120 (px) = p =%, q =47(‘)f,r — 405 scores 6 marks

If the candidate just writes down values without any valid equations/working thenwe
will apply the following.

YR ATTM MM AR AT A YT
- there may be more space than you need,

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

Sojuststating p=1.5, ¢ =101.25 and r =405 without the necessary equations or
expansionis SC:1,1,1,0,0,0



?ﬂten‘smgzp Scheme Marks
3.(a) | 300000=3x2" =2 =100000 = —f = 2&100000 il
log?2
(k)=-16.61 Al
(2)
(b) (i) Stripwidth=1.5 Bl
%{4.243+0.023+2(1.5+O.530+O.188+0.066)} =6.63 | M1, A
(3)
Giy| [ R 1
2 de + | 2 dx=-x"6.63"+-x"6.63"=4.42 | MI],Al
-0.5 -7 3 3
(2)
(7 marks)

(a)
M1: Correct use of logs leading to an expression or value forx or —x.
Alternatively applies the correct use of logs leading to an expression fork or —k

There are lots of variations, examples of whichinclude

1 In100000
. (54) = logIOOOOO,(ix): oz, and (£x) = 1
log2 100000 In2
. 300000 =3x2 " = log300000 = log3 —klog2 = k = ...

Condone asslip onthe number of zeros (4 or 6 zeros can still score this method
mark)

It cannot be scoredif theyincorrectly combine the 3 and the 2 and work from
6~ =300 000

Al: AWRT -16.61following M1. ISW after a correct answer

Note that the answeronlyis MO, AO. The demand is that the candidates use
logs



(b)({)

Bl:

MT:

Al:

MT:

Al:

Correct strip width. E.g. States orusesh=1.5. Condone it being unprocessed.

E.Q. %_O'S)o.e.

Can be implied by a correct hvalue within an attempted trapezium rule which
does not need to be perfect. Acorrect application would be

1'75{4.243 +0.023+2(1.5+0.530+0.188 + 0.066)} or

0.75{4.243+0.023+2(1.5+0.530 + 0.188 +0.066)}

Correct application of the trapezium rule

%{4.243 +0.023+2(1.5+0.530+0.188 + 0.066)}

Condonesslips onvalues but there must be the correct number of them and
they must be inthe correct place within the formula.

Condone a missing trailing bracket, but hard to decipher bracketing can be
awarded this mark only if followed by awrt 6.6. Answers only score MO

awrt 6.63 (Answerin fullis 6.6255). ISW after a correct answer
Note that the calculatoranswer for thisintegral is 6.087

(b)(ii) Attempts to (b)(ii) must use their answer to (b)(i) but could use an
0.5

additional attempt at the trapezium rule on j 2" dx withh =1.5 or smaller
-7

Attemptsto find %x "6.63" oralternatively %x "6.63"+ % x"6.63" following

through ontheir6.63

Note that %x"6.63"+ 2.03=4.24 isM0O as 2.03is the calculatoranswer for
0.5

j 2" dx
-7

4.42. Allow 4.417 or awrt 4.42 if the full answeris used.

Note that the calculator answer for the sum of the two integralsis 4.058...



Question

Number SR Marks
4(a) 2 f(x) =4x’ +13x —10x+8
dx +21x+32
3 2
¥=2)4x +13x7 ~10x+8 Synthetic Division
4x3 —8x2
- 24 13 -10 8
21x2 —10x | g 42 64
21x —42x 4 21 32[72
32x+8
32x—64
72
(i) O(x) = 4x" +21x+32 M1, Al
N R=72 M1, Al
(ii)
(4)
(b)() | Attempts f(—4)=4x—64+13x16-10x—4+8 M1
=-256+208+40+8=0 Hence(x+4)isafactor* Al*
(i f(x):4x3+13x2—10x+8:(x+4)(4x2—3x+2) M1
Fortheir 4x” —3x+2 attempts "»" —4ac"=9-32, M1
b’ —4ac' <0 so 4x —3x+2 hasnoreal roots and f(x)=0 has AT*
oneat x=—4
(5)
(c) (f'(x))=12x" +26x-10=2(3x—1)(2x +5) M1
—5<x<% dM1, Al
(3)
(12 marks)

MT: Attempts to divide f(x) by (x—2) and achieves a 3TQ quotient of the form

4x*> +bx+c b#0,c =0 AND aremainderthatis a constant. See equivalent

formusing synthetic division

Al: Achieves a Quotientor O(x)=4x" +21x+32. Itisimplied if they write (i)

4x” +21x+32
It cannot just be awarded from the expression within the division sum

(a) (ii)




M. Attempts to divide f(x) by (x—2) and achieves a 3TQ quotient AND a

remainder thatis a constant.

Alternatively attempts to find the value of £(2). Allow f(2) =72butifitis
incorrect you must see some evidence forthe award such as showing an
intermediate line of 4x2” +13x2°> —10x2+8

orelse 32+52—-20+8(orequivalent) condoning slips. See equivalent form
using synthetic division

Al: Statesthat RemainderorR=72.Itisimpliedif they write (ii) 72
It cannotjust be awarded from sight of 72 within the division sumBUT if a
candidate gets the division sum completely correct and does not state

O(x) =4x" +21x+32and R=72 (o.e.) they should be awarded SC1,1,1,0

Alt (a) via anidentity BUT other acceptable methods exist such as by inspection
whichis aless formal version of this.

Setsup a correctidentity f(x) =4x" +13x’ —10x+8 = (x— 2)(sz + Bx + C) + R AND then

MI: Comparesterms andachieves 4 =4 andvaluesforBand C
Al States that Quotient, (i) or O(x) = 4x* + 21x+32

MT: Finds Rvia f(2) or solving 8 = R+2C with theirvalue for C.

Al: States that Remainder, (ii)orR=72

M1: Attempts to find the value of f(—4). Forthis to be awarded you must see some
values. Look for, forexample,
o f(—4)=4x(—4) +13x(—4) —10x(—4)+8 with or without the brackets
o f(—4)=-256+208+40+8condoningslips
You must be convinced that they have attempted f(—4)and not f(+4)
Note that dividing f(x) = 4x’ +13x* —10x+8 by (x+4)is MO as it doesn’t satisfy the
demand of the question.

Note that simply stating f(—4) = 0 without sight of evidence (e.g. intermediate
values)is MO



Al*: Requires
e Theawardof Ml
e Sightof correctvalues or correct expression, e.g. f(—4) =256 + 208+ 40 + 8 or

f(—4) =4x(—4) +13x(—4)’ —10x(—4)+8 (must be correct bracketing) followed by =

0
e andaminimal conclusion whichmay be QED, hence true, v/

(b)(ii). Mark part (b) as one complete section. Work in part (i) can count in part (ii)

Although the question states hence, these marks can be awarded independently of
(b)(i) so 00111is possible
MI: Divides f(x) by (x+4)andachieves anacceptable 3 term quadratic factor

If division is used look for first two terms 4x —3x +...

If they are usinginspection, look for firstand last terms (x + 4)(4x2 +oX+ 2)

MI. Makes avalid attempt at finding the roots or number of roots of their 3-term
quadratic factorresulting from factoring out or dividing by (x+4) . Look foran

attempt at the value of "»' —4ac" oran attempt at the correct quadratic
formula o.e. suchas completing the square. Itis dependentuponthem

having a quadratic factor of the form 4x” +bx+c,b#0,c#0

Al*:  Thisrequires all of the following;
e acorrectdivision(o.e.)leadingto the correct quadratic factor

e acorrect ‘proof’ showingthat 4x" —3x+2hasn’t any realrootse.g.
"b' —4dac"=9-32<0 or attempting to solve 4x" —3x+2=0 viathe quadratic

formula followed by ‘not possible’ o.e.
e aminimalreason/statement showing that f(x) =0 has only onereal solution.

This could be a statement that the one (real) solutionis x = —4 orreasons that
the onereal solutionis as aresult of (x+ 4) =0

There canbe noincorrect statementsin the body of their proof. Eg. The real solutionis
(x+4)



(c) Thisis anon-calculator question/part question

MI: Attempts to differentiate and find the roots. This requires all of
o Differentiationtoa 3TQ expression with atleast one correct term. FYI
(f'(x))=12x" +26x—10
e Avalidnon calculatorattempt at finding the two critical values of f'(x) =0.Look
foravalid attempt to factorise oruse the quadratic formulainan attempt to
solve f'(x) =0.Condone attempts in which the factor of 2 disappears. E.g.

12x° +26x-10=0= 2x+5)Bx-1)=0

dMT1: Finds the inside region for their quadratic. It is dependent upon the previous M
mark

5 1 5 1 51
Al: —=<x<-or-=,, x,, —0.e.suchas|-=, -
2 3 2 3 2°3

SC: Candidates who use a calculatorcanbe awarded SC1,1,0 for an otherwise
completely correct solution.

E.g. f'(x)=12x> +26x—10< 0= 25< x < %



?ﬂten‘smgzp Scheme Marks
5(i) 4tan@+5sin@=0
States oruses tand = sin¢ —4 sinf +5sin@ =0 M1
cos@ cosd
sin0(4+50056?) =0
cosf = —i dMi
5
cos@=—%:>t9=awrt 143° or awrt 217° Al
cost9=—§:>¢9=awﬁ 143.1° and awrt 216.9° Al
sind = 0= 6 =180°,360° Bl
‘ | (5)
(ii) Sy Cf)sx = > Slgm sin” x+cos’ x =5sinx
cosx sinx cosx
S5sinx =1 M1, Al
x =awrt 0.201, 2.94 dM1, Al
(4)
(2 marks)

(i) Condone alack of adegrees symbol throughout. Condone solutions that drop 8’s
in their working

M1: States tané =

Condone slipsin coefficients but writing 4tan@as 2

sind sind
orattemptstouse tand =
cos cos

4sind .

isMO.

COS

dMT: Attempts all of the following

e UuSes tanfd = S

sind

50 condoning slipsin the coefficients

inthe given equation.

e multiplies by cos@and proceedsto alinear equationin cosé via factorising or
cancelling out the termin siné
e achieves cosf =k where [k| <1

Al: Achieves cosd = —g and finds one correct value for 6 to the nearest degree orin

radians to one dp. So, allow forexample, awrt 2.5(0) following cosé = —g

Al: Achieves cosd = —% and finds both @ valuesin degrees correct to one dp.

awrt 143.1° and awrt 216.9°



Any extravaluesintherange (for cosd = —g )isAO

B1: Correctly achieves sing = 0for their equation followed by 6 =180°,360°
Condone O appearing as a solution
Alternative approaches exist and can be marked in a similar way:
If you see an approach that deserves credit and you don’t know how to scoreit,
please sendtoreview.
Altl, lland Ill are examples of alternative approaches.

Alt| Using sin@ =tanOcos &
4tan@+5sin@ =0 = 4tan @+ 5tan Ocos @ = 0 = tan O(4 +5cos &) =0

then solve cos@ = —% and tand=0

MI: Writingsiné as cosftand
dM1:  Factorises out tandand proceeds to cosd = k where |k| <1

Altll Squaring approach
4sin@ + 5sinfcos @ = 0 = 4sin@ = —5sinBcos & = 16sin>@ = 25sin’Hcos>

This will produce siné = i%and sind =0

M1: As main method

dMT: Squaring each termincluding the coefficients, factorising and cancelling
leading to sind = k where [k| <1 Notethatanapproach a+b=0= 4" +b’>=0

would score
dMO. It mustbe a+b=0=a*-b*=0

B1: Allow this to be scored even from an approach where dMlhas not been awarded

Altlllusing Pythagoras’ theorem

2
) L2 (l—cos 0)
Sln9+55in6’:0:>4sm 9+SSin29:0:>4
cosd cosd cosd

Then solve by any means to find values for cos @

4

+5(1—cos2 9):O:5c0536’+4c0520—50056’—4:0

= cosf ==1, —% = 0 =180°,360°,awrt 143.1° and awrt 216.9°

MI. As mainmethod. dMI: Correct method of producing a4 term cubicin cos@
followed by a valid attempt to solve to produce value(s) for cosé




(i) Condone solutions that drop x’s in parts of the working and notational errors e.qg.
sinx” <> sin” x as long as the candidate proceedsin a manner equivalent to the

scheme
M. Attempts to multiply by sin xcos x, seen onthe two terms on the Ihs of the

equation andthenuses sin’ x+cos’ x=1. Condone slips when rearranging this

identity aslong as the equationleads to sinx =k, k| <lo.e

sinx cosx
+

cosx sinx

to

Alternatively uses acommon denominator approach and simplifies

1

sin x cos x

Al: Proceedsto 5sinx=10rexact equivalent
dMl:  Correctattempttosolve 5sinx =1, implied by one correct solutionto 2 sfin
radians or 1dp in degrees within the givenrange. O to So

SSinx:1:>sinx:§:>x=0.2 only is dMO but x = 0.20 or 2.9 is dMT.

Note that the degree answeris11.5.
Also, solutions such as 0.064x (radians) are acceptable

Allow amiscopy onthe 5. So, forexample, if they had written Sy Cf)sx _ 3 it
COSX Sinx COS X

would be for a solution of 3sinx=1.

Al: x =awrt 0.201, 2.94 and no extras within the given domain (condoning the

T . .
appearance of EWhICh occurs from a solution of cosx = 0). Award as soon as you

see the two correct solutions, so long as there are no additional solutions inside the

range.

Also allow multiples of nso accept x =0.0647, 0.9367 with the decimal aspect being

accurate to atleast 3dp



SlEsien Scheme Marks
Number
6(a) Centre of circle is midpoint of (-2,18) and (14,6) = (6, 12) Bl
Attempts radius?or diameter?. E.g. D’ = (14——2)" +(6—18)’ =400 M1
Radius?=100 Al
(x—6) +(y—12)" =100 M1, Al
(5)
(b) Recognises equation of Czis x* +y° =k’ BT
Attempts to find one value of kor k” Look for V6" 112" +7100" M1
x2+y2:<6x/§+10)2 or x2+y2= (6\/5—10)2 o.e. Al
4y :(6\/§+10)2 and x> +)° = (6\/5—10)2 o.e. Al
(4)
(2 marks)

(a) Thedemand here is that the method must be made clear

B1:

M1:

Al:

MT:

Correctly finds the midpoint of the two given points to find the centre of the circle.

It can be implied within the circle formula (x—6)° +(y—12)" =

Attempts to find the radius, radius?, diameter or diameter?.

It does notneed to be correctly assigned to either the radius or the diameter

So (14—-2) +(6-18)",16 +12°, \/8" +6 orradius =10 are acceptable attempts

that score Ml
Correctly calculates the radius?=100 o.e. ortheradius =10

Alternatively states that the diameter = 20 or diameter?=400
It must be simplified and correctly assigned (radius or diameter) but may be

implied from within a circle formula(x + '6')2 +(yt '12')2 =100

Attempts correct form for circle using (x—a)’ +(y—b)" = 3
where (a, b)is theirm.p. of ABand ris the value of what they think s the radius of

thecircle.

If thereis no statementi.e, radius(r) = ... ordiameter(d) = ..., the value used must
be the equivalent of the distance between the mid-point of AB and either point
AorpointB.

Lookfor (x="6")" +(y="12")" ="100" or (x—"6")" +(y—"12")} = 0"

4
Soif they clearly state something thatisincorrect, e.g.»* =10 , thus losing the

previous A mark, they can score this method mark for (x—6)° +(y—12)" =10




Al (x-6) +(y-12)" =100, (x—6) +(y—12)° =10 butnot (x-6)2+(y_12)2:(mf
ISW aftera correct answer.
The method used must have been made clear for Alto be scored. So, look for all
of the following
e acorrectcalculation of the mid-point of AB or alternatively words such as
‘centre of circleis (6,12)’

e acorrectcalculationforradius (radius?) or diameter (diameter?) or
alternatively words such as ‘radius of circleis 10°
e acorrectequation

(b)
B1: Recognises equationof Cais x*+ )’ =k”. Allowforany x’+y’=p, p>0
Accept (x+£0)’ +(y+0)’ =p, p>0Allow ‘letters’here solongastherhsis

positive, so k’is fine but pisn’tunless pis defined to be positive.

M1: Attempts to find atleast one value for the radius of C,.

Forexample, score foraradius of va* +b* +r for their (x—a)2 +(y—b)2 =r

2

2 2
Al: X +y° =(6J§+10) or X' +y = (6\/5—10) orexact equivalents including versions

suchas (x+0)* +(y+0)’ = (6J§+ 10)2 .ISW after sight of a correct answer.

Expanded equivalentsare x> +° =280+120y/5 or x* +3° = 280—120/5 but isw after
acorrect answer

Al: x*+y° = (6\/§+10)2 and x"+y’ = (6\/§—lo)zo.e. including versions such as

(x£0)* +(y+0)* = (6J§+ 10)2 .ISW after sight of correct answers.

Expanded equivalents are x> +° =280+120V/5 and x* +3° = 280—120+/5 butisw
afteracorrectanswer

(b) Longer alternative
Substitutes y = 2x into (x—6)" +(y—12)" =100 and solves

E.g. (x—6)" +(2x-12)" =100 = 5(x~6) =100= (x-6) =20= x =6+ 25
Hence points of intersection are(6—2J§, 12—4J§)and (6+2J§, 12+4J§)



Radius for smaller circle is found via 7> =(6—2\/§)2 +(12—4\/§)2 —280—120+/5

Radius for larger circle is found via 72 =(6+2\/§)2 +(12+4\/§)2 =280+120/5

The same scoring traits can be applied

Bl: Recognises equationof C,is x*+y° =k’. Allowforany (x+0)* +(y+0)’ =p, p>0

M1: Attempts to find atleast avalue of roravalue of r>for C..

Forexample,
find atleast oneintersection point of the line through (O, O) and their (6,12) and

the circle
e findthedistance fromthe originto one of the points of intersection

Al: x> +1° =280-120/5 or x° + )" = 280+120+/5 orexact equivalents
Al: x> +1° =280-1205 and x* + " = 280+120+/5 orexact equivalents

NN
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Question Scheme Marks
Number
5 1
y=x" —4x’ —kx’ +28x—44
5 1 d 3 k 1
7.(a) y=x3—4x2—kx2+28x—44:>(ayj:3x2—10x2—§x > 408 M1, Al
(2)
(b) Subs x=9 into %and sets=0 :3><81—10x27—%+28=0 M1
243—270—§+28:0:>§:1:k:6 * Al
(2)
s 1 s 8 2 3 ,
(c) Ix3—4x2—6x2+28x—44dxzzx —;x2—4x2+14x — 44x M1, AT, AT
Correctvalueof y=-53 atT B1
7 3 ’
Shaded area = "53"x9 + ix4 —%xz 4y +14x° — 44 dM1
0
=248 Al
(6)
(10 marks)

(a)
M1. Attempts to differentiate. Look fortwo correct terms, one of which couldbe 44 —0.
Allow the coefficients to be un-simplified but the indices must be processed

3 1

Al: (%j —3x> —10x° —%x_z + 28 or other simplified equivalent. ISW after a correct answer

(b)

M1: Substitutes x=9 into their %and sets=0. Look forembeddedvalues, or 4 simplified

termsset=0

Forthe M1 only, allow a substitution of x=9 into their %which developsinto an equation that

3 1
S > - k
implies 2 =0.E.g. ¥ =3x9? ~10x9° ~£x9 24255 1 50 £
dx dx 2 6 6

Alternatively substitutes x=9 and & = 6into their %and finds the value of %with

conditions as above.



AT*: Shows that k =6
Viathe main method you must see

o anun-simplified equation suchas 3x81-270 —ék +28=0

o asimplified equation such as %zl o.e.

. and the givenanswer k =6
Viathe alternative method you must see
. g . 1
o anun-simplified expression for % =3x81-270 —gx 6+28

. before proceeding to % =0

. followed by a conclusion stating that there is a stationary point when k£ =6

(c) Main method: Finds both areas and subtracts
MI: Attemptstointegrate. Look fortwo correct indices which must be processed
Al: Two correct terms but allow the coefficients to be left un-simplified
7 3
Al 1y —gxz —4x” +14x" —44x allowing coefficients to be left un-simplified.
Condone an additional +c¢
BT: y =-53 at T May be awarded at any pointin the question, even from the diagram
dMT: Look fora FULL method that involves (area of rectangle —area under curve) either

way around to find avalue for the area of R. Condone slips butitis dependent
upon the previous M.

The area of the rectangle must be found using 9x (an attempt at the y value of the
curve atx=9),and not forinstance using 9x44as 44 is the intersection of the

curve with the y -axis.

7 3 9

. . 1 2 2
You don’t need to see working for the evaluation of [ZX4 _%xz —4x” +14x° —44x

Al: AWRT 248. Allow the exact answer % Note that —248 isAO

(c) Alt method via integration of line - curve (or curve —line)

This could also be attempted by translating the curve upwards by 53 units

The following example shows a correct line - curve approach
5 1

5 1
J"—S3'—(x3 —4x’ —6x° +28x—44]dxj—9—x3 +4x” +6x° —28x dx

7 3

—9x—lx4 +§xE +4xt —14x°
4 7

7 3

Shaded area = —9><9—i><94 +§><92 +4x97 ~14x9’ :_6229



Areato 3sf =248 which must be +ve

5 1
M1: Attempts to integrate an expression of the form +[x3 +4x" +6x  —28xtp |.

Look fortwo correct indices which must be processed. Condone bracketing errors

Allow evenwithp=970r0
7 3

Al: Two correct terms of i[ix" + %xz +4xt —14x £ px} but allow the coefficients to be

left un-simplified. Follow through on their value of p which may be 97 or O

7 3

24yt 14y ipx], allowing the

AT: Correctintegration. So look for i[%x“ + §x2

coefficients to be left un-simplified. Follow through on their value of p which may be 97 or
0. Condone an additional + ¢

Bl: For y =-53 at T. May be awarded at any pointin the question, even from the diagram

7 3 9
dM1: Attempts the value of {—%x“ +§x2 +dx’ — 14y —9x] .Nointermediate working is

0
required.

Thisis dependent upon the first M and also obtaining ‘9x’

Al: AWRT 248. Allow the exact answer —62‘29

Note that final answers of —248 and | —248 |are AO



?\lte;ggp Scheme Marks
8 (i) S =a+ar+ar’ +...ar" B]
S =a+ar+ar’ +... ar" and rS=ar+ar’ +ar’ +.....ar"
Finds § and S andsubtracts.E.g. S-S =.... M1
Completesproof =S8 (1-r)=a(l-r")=S =ag%:)) * Al*
(3)
(i) (@) | Attempts U =150x0.92" with n=50r 6 M1
= (U,)=150x(0.92)" =90.95 (= 91litres) * AT*
(2)
(b) Attempts S :% with n=39/40/41 a=150/138 and r=0.92 M1
138(1-0.92*) .. 0.92(1-0.92") _150(1-0.92"")
S=—1"00 ST icoey  ORS=—azooyy 10 |A
1664 litres Al
(3)
(8 marks)

Do notbe too concerned with labelling here. It should be obvious which part of the question
candidates are attempting to answer
(i) Condone S < §, throughout.

A proof via the infinite sum formula gains no credit unless you see a correct expression for
S .

n

Bl: Scoredforacorrect expressionfor § .Forexample, S =a+ar+ar’ +......ar
including the "S "with a minimum of 3 terms and mustinclude the first and the nth term.

S =a+ar+....ar"" wouldbeacceptablebut § =a+.....ar"" isnot.

Ortheyarenotinthe correctorder S =a+....ar"" +ar"”
Ml. States S =a+ar+ar’ +....... ar"" (minimum of 3 correct terms including first and last

terms)
and rS =ar+ar’ +...... ar" (minimum of 3 correct terms including first and last terms)

followed by an attempt to subtract either way around

AT*: Fully correct proof. Look for the following 3 lines (or their equivalents) following B1, M1

e S —rSn =a-ar"

e S (l—r)za(l—r”)

_a(l=r")
ST

(Note that thisis a given answer)




Special case: Candidates who do not have the ‘+’ signs in their work
Example

2
Sn a ar ars o .. ar
. 2 3 n
rSn ar oars oar’ ... ar

rS =S =ar" —a
n n

n _1 1_ n
(}”—I)S :a(r"—l):S =a(r—):>S =a(—r)
" =) (1)
Scores SCBO, M1, Al
(Note that this candidate subtracts the other way around, but the given answer must be
produced and follow correct working)

(ii) (a)

MI1: Attempts U =150x0.92" with n=50r6.

You may see variations on this such as 150 x(92%)’

Allow step by step solutions such as

x0.92 x0.92 x0.92 x0.92 x0.92 x0.92

150 > 138 — 126.96 — 116.8032 — 107.458944 — 98.86222848 — 90.9532502
(with accuracy at least 1dp for the M1)

AT*: Awrt 90.95 but accept the truncated value 90.9. You should expect to see an answer
thatisn’t exactly 91
ISW after sight of a correct answer
Note that candidates who just write 150x0.92° =91 then award M1, AO as this s
incorrect
If attempted via step by step solutions (listing) then intermediate answers must be
correct to 2dp rounded or truncated.

(b)
MI: Attempts 5 =20~

=) with n=39/40/41, a=150/138 and »=0.920.e.such as 92%

AT: Acorrect expression. You may see variations of the following

138(1-0.92*) 92%(1—92%") 150(1—0.92*")
1-0.92) 5 =150 (1-92%) ORS (1-0.92)
Al: cao 1664 litres

S -150




Slesen Scheme Marks
Number
2
4x+5
(i) 2log3(4x+5)—1og3(x+3)=z:»1og3%=z M1, M
X
2
- (4x+5) _ Al
(x+3)
= 16x% +31x=2=0
(16x—1)(x+2)=0:>x=% only dM1, Al
(5)
. Statesthat loga + logb = log(ab) or else usesrule and proceeds from .
() | Given equation loga + logh = log(a + b) to logab = log(a +b)
Deduces ab=a+b= ab—a=b:>a(b—l)=b:>a=% * M1, Al*
(b) Stateseither b>1 or b#1asawouldnot be defined =]
b>1aslogs only exist for positive numbers B1
(5)
(10 marks)

(i) We are now scoring this question M1, M1, Al, dM1, Al

M1: Usually scored for the power law of logs 2log, (4x+5) — log, (4x+ 5)2 (allow without the base

3)

But may be awarded forwriting 2 as log, 9

M1: For combining two terms of the original equation.

E.g log,

(4x+5)°

(x+3)

=2 (allow without the base 3) or 2log, (4x+5) =log, 9(x+3)

2
Al: A correct equation notinvolving logs. E.g. %= 9 or (4x+5)2 =9(x+3)

dM1: Requires all of the following

2
; ; . 4x+5
o Astartlngequatlonoftheform(orequwalenttotheform)M:k, k>0

(x+3)

e Anintermediate equationthatisa 3TQ
e Acorrectattempttosolve the 3TQ by any means condoning the use of a calculator
here.

Itis dependent upon scoring at least one of the previous M marks

Al CSO% oe only. The decimal equivalent is 0.0625




‘Correct’ solutions with missing orincorrectlines
Examplel: Incorrect statement

log, (4)c+5)2 B (4x+5)2

2log3(4x+5)—10g3(x+3)=2:> 10g3(x+3) —2:>W

=9 leading to fulland correct

solution
Score Special Case M1, MO, Al, dM1, A0 for3out of 5

Example II: Missing lines

2 2
4
210g3(4x+5)_10g3(x+3)=2:>10g3%=2:> ((;:3 =
(4x+5)

Oreven 2log, (4x+5)—log,(x+3)=2= =9 leading to full and correct solution

(x+3)
can be awarded all the marks.

(i) Youcancondone the omission of the base
(a) Main method

B1: States oruses loga+loghb =log(ab) o.e.ltisimplied when log(ab) = log(a + b) is written down or
ab=a+b butitcannot be awarded following incorrect work. Condone loga + b for log(a + b)

if theintentionis clear (but the use of this would mean that the A1* markis not scored)
a+b
5 )

Alternatives exist suchas log(a +b)—logb = log(

M1: Following correctlog work, candidate removes the logs, correctly deduces ab=a+5b ,and
then attemptsto collecttermsina. To award this mark the two termsin a must be movedto
the same side of the equation and the a factorised out. It can be awarded when the termin
‘a’isisolated.E.g abta=b=>a(bxt1)=b

. +b .
Alternatively removes the logs, deduces a = aT and then attemptsto collecttermsina
: , +a b b b
Acceptable alternativesexist.E.g. ab=a+b=>b=1+ == b-1=>a= )

The method mark can be awarded here when there is a single termin a. See double
underlined expression

A1*: Correctly provesthat a= % via a(b—1)=borab—a=>b.

Thisis a given answer and ALL appropriate lines must be seenand be correct.
Condone a missing trailing bracket.
The appropriate lines that must be seen (as a minimum) via the standard approach are;

logab=log(a+b):>ab=a+b:>a(b—1)=b:>a:%



(a) Alt method
2

B1: Substitutes a = Ll in loga +logband proceeds to log(%)

M1: Substitutes a = % in log(a + b) and proceeds to log(% + b] and attemptstowriteasa

single fraction

Al*: Shows that loga + logb = log(ab) when a = % and makes a minimal statement.
Thisis a given answer and all appropriate lines must be seen and be correct (including any
bracketing).

(i(b)

B1: Foreither (i) giving the full restrictionon b. E.Q.
b>1,‘bismorethanone’ or ‘it must be biggerthan one’. No (correct) explanation
required.

or (ii)statingthat h#1 withareasonsuchas % —>worb-1=0.

Allow reasons such as ‘the denominator cannotbe O’ ‘when b =Tyou get a maths

error’
Do not accept ambiguous statements such asb #1because it cannotbe O

or (iii)statingthat »...1 withareasonsuch as b—1cannot be negative

B1: >1 or ‘b must be more than one’ as logs only exist for positive numbers.
Allow ‘b >1as a must be greaterthan O’

Allow variations that imply thisso accept 5>1 as %1 needs to be positive or b—1 needs to

be positive
Therereally needs to be some words here and the statement and explanation must be given
togetherandinalogical order. Aminimum acceptable response couldbe ‘asa>0O,b>T
Do notacceptincorrectreasons suchas ‘b >1asamust be greaterthanorequalto O’
Do not award this mark if there are incorrect statements along with correct ones. If unsure

usereview.
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1. Find
() (@ [(@x+3)"dr

(2)
S5x
m)j4ﬁ+1w
(2)
(i1) Given that
2a
j gem7 a0
a 1
find the exact value of constant a.
(Solutions relying on calculator technology are not acceptable.)
“4)
(Total for Question 1 is 8 marks)
2. y=02x" —3)tan(%x] O<x<m
dy

Given that — =0 when x = «
dx

(a) show that

200 —3 + dasina =0

(6)
The iterative formula
3
'xn+1 = .
(an + 4sinx, )
can be used to find an approximation for a.
(b) Taking x,= 0.7, find the values of x, and x;, giving each answer to 4 decimal places.
(2)
(c) By choosing a suitable interval and a suitable function that should be stated, show
that a = 0.7283 to 4 decimal places.
(2)

(Total for Question 2 is 10 marks)

2 P87435A
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4 .3 2
3 g(x):x +x27x + 8x — 48 >3 L eR
X +x-12

(a) Given that

x4+ —7x? +8x— 48 2
5 =x" +A4A+
x +x—12 x-3

find the values of the constants 4 and B.

“4)
(b) Hence, or otherwise, find the equation of the tangent to the curve with equation
vy = g(x) at the point where x = 4. Give your answer in the form y = mx + ¢, where m
and c are constants to be determined.
(Solutions relying on calculator technology are not acceptable.)
C))

(Total for Question 3 is 9 marks)

4. A curve has equation
y=In(1 — cos2x) xeR O<x<rm

Show that

(a) % = kcotx, where k is a constant to be found.

“4)
Hence find the exact coordinates of the point on the curve where
(b) % =23
“4)
(Total for Question 4 is 8 marks)
P87435A 3
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Prove that

2cosec24 — cotA =tanA4 42" nez
2 4
“4)
(b) Hence solve, for 0 < 0 < %
(1) 2cosec4d —cot20 = NE)
(i) tan@ +cotfd=>5
Give your answers to 3 significant figures.
)

(Total for Question 5 is 9 marks)

J

P87435A
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y=1fx)

\%

> >
0 X 0 X
Figure 1 Figure 2
Figure 1 shows a sketch of part of the graph y = f(x), where
f(x)=2[3—x|+5 x>0
Figure 2 shows a sketch of part of the graph y = g(x), where
x+9
x) = x>0
&) 2x+3
(a) Find the value of fg(1)
(2)
(b) State the range of g
(2)
(c) Find g
3)
Given that the equation f(x) = k, where £ is a constant, has exactly two roots,
(d) state the range of possible values of £.
3)

(Total for Question 6 is 10 marks)

P87435A 5
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N

0 T

~Vv

Figure 3

A colony of bees is being studied. The number of bees in the colony is modelled by
the equation

16060.61

P=200-
154"

teR t>0

where P is the number of bees, measured in thousands, ¢ years after the study started.
A sketch of the graph of P against ¢ is shown in Figure 3

(a) Calculate the number of bees in the colony at the start of the study.

(2)
(b) Find ilﬁ
! (3)
The population of bees initially decreases, reaching a minimum value after 7 years, as
shown in Figure 3
(c) Using your answer to part (b), calculate the value of 7 to 2 decimal places.
(Solutions relying entirely on calculator technology are not acceptable.)
“4)

(Total for Question 7 is 9 marks)

P87435A
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8. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Express 10cosd —3sinf in the form Rcos(6 + a), where R > 0 and 0 < a < 90°

Give the exact value of R and the value of a to 2 decimal places.

€))

Alana models the height above the ground of a
passenger on a Ferris wheel by the equation

H=12—-10c0s(307)° + 3 sin(30¢)°

where the height of the passenger above the
ground is H metres at time ¢ minutes after the H
wheel starts turning.

e o 9

Use part (a) and the equation of the model to answer parts (b), (¢) and (d).
(b) Calculate

(1) the maximum value of H

(i1) the value of # when this maximum first occurs.

Give each answer to 2 decimal places.

3

(c) Calculate the value of # when the passenger is 18 m above the ground for the
first time.

Give your answer to 2 decimal places.

C))

(d) Determine the time taken for the Ferris wheel to complete two revolutions.

(2)
(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS

P87435A
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7

Question 1

Write the answer to Question 1 on these 2 pages

R0 0 O o
P 8 7 4 6 9 A 0 2 2 4



e )

Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 8 marks)
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Question 2

Werite the answer to Question 2 on these 2 pages

R0 0 o
P 8 7 4 6 9 A 0 4 2 4



Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 10 marks)

~ A\

J

5

“mm NN 0 -
P 8 7 4 6 9 A 0 5 2 4 Turn over



7

Question 3

Werite the answer to Question 3 on these 2 pages

T 0 0  OE o
P 8 7 4 6 9 A 0 6 2 4
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Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.

(Total for Question 3 is 9 marks)
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Question 4

Werite the answer to Question 4 on these 2 pages

T J0 0 E o
P 8 7 4 6 9 A 0 8 2 4



e )

Question 4 continued

This is the end of Question 4 answer space. Please turn the page for Question 5 answer space.

(Total for Question 4 is 8 marks)

9

“mm NN O O -
P 8 7 4 6 9 A 0 9 2 4 Turn over



7

Question 5

Werite the answer to Question 5 on these 4 pages

10
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Question 5 continued
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Question 5 continued

This is the end of Question 5 answer space. Please turn the page for Question 6 answer space.

(Total for Question 5 is 9 marks)
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Question 6

Write the answer to Question 6 on these 4 pages
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Question 6 continued
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Question 6 continued

This is the end of Question 6 answer space. Please turn the page for Question 7 answer space.

(Total for Question 6 is 10 marks)
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Question 7

Write the answer to Question 7 on these 4 pages
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Question 7 continued

This is the end of Question 7 answer space. Please turn the page for Question 8 answer space.

(Total for Question 7 is 9 marks)
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Question 8

Werite the answer to Question 8 on these 3 pages
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Question 8 continued

(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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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 for
what they have shown they can do ratherthan 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 Thereisno ceiling onachievement. All marks on the mark scheme should be
used appropriately.

e Allthe marks onthe mark scheme are designed to be awarded. Examiners
should always award fullmarks 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 doubtregarding the application of the mark scheme to a
candidate’sresponse, the team leader must be consulted.

e Crossedoutwork should be marked UNLESS the candidate has replaced it with

an alternative response.



General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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 applyit’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M)

marks have been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the

mark schemes and can be used if you are using the annotation facility on ePEN:

bod - benefit of doubt
ft - follow through
o thesymbol f willbe used for correct ft
cao - correctanswer only
cso - correct solution only. There must be no errors in this part of the
question to obtain this mark
isw - ignore subsequent working
awrt - answers which round to
SC - special case
oe - orequivalent (and appropriate)
d.. ordep - dependent
indep - independent
dp - decimal places
sf - significant figures
* -The answeris printed on the paper orag- answer given

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



4.

7.

All A marks are ‘correct answer only’ (cao), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly

absurd answers should never be awarded A marks.

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. 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 allbut one attempt is crossed out, mark the attempt which is NOT crossed
out.

b) If either all attempts are crossed out or none 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
(" +bx+c) = (x+ p)(x +q), where|pg| =|d leadingtox= ..
(ax2 +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: (xt3) £gtc, ¢#0|eadingtox=..

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 aformula
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 use it, evenif there are

small mistakesin 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 surdsis 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 happens in 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 contactyourteamleaderforadvice.



Question Scheme Marks
Number
1 1 a 13
@) [@x +3)%ax ) M1 Al
26
2
@(b) sx . 5.,
dx==In(4x" +1)(+c M1 Al
-[ 4x* +1 8 ( )( )
2)
(i) Notes
(@)
3 13
M1: Correct form for the integration. Look for 1(2x + 3)"ore.g. y(x -+ 5)
Allow the index unprocessed e.g. A(2x + 3)"*"
May see substitution e.g. u = 2x + 3 leading to Au"’ and this would imply this mark.
Al:  Correct integration with or without the + c.
Allow any equivalent correct expression simplified or unsimplified and apply isw once a correct
answer is seen.
3 13 3 13
22 x+ = 4096| x + —
P e 55
Award for e.g. 2x+3) or ( ) or 2 or 2
26 2x13 13 13
The index must be processed and any constants evaluated e.g. 13 not 12 + 1 bute.g. 2x13 is
acceptable.
Ignore any spurious integral signs and/or dx’s and just look for a correct expression.
(b)
M1: Correct form of integration. Look for ...ln(4x2 + 1) or ...ln‘4x2 + 1‘ but condone missing
brackets e.g. ...In4x” +1
Can also be awarded for ...lnk(4x2 +1) or ...lnk‘4x2 + 1‘
May see substitution e.g. u = 4x* +1 leading to ...Inu and this would imply this mark.
Al:  Correct integration with or without the + c.

Allow any equivalent correct expression simplified or unsimplified and apply isw once a correct
answer is seen.

Brackets must be present and allow gln (4x2 + 1)(+c) or %ln‘4x2 + 1‘(+c)

5 1 5
Note that e.g. gln(x2 +Zj(+c) or gln (+¢) are also correct.

e
4

Allow equivalents for % e.g. 0.625 ore.g. %

Ignore any spurious integral signs and/or dx’s and just look for a correct expression.




(i)

J'Hl I( %jdt=t+lnt(+c)

MI1 Al

[t+1nt]a =2a+In2a—(a+Ina)=In7

dM1

a+ln2=1n7:a:1n% or n7—-In2

Al

Q)]

(8 marks)

M1:

Al:

dM1:

Al:

(ii) Notes

. t+] 1 . 1
Writes — as ...+- where ... #0 and integrates - — In¢
t t t

Correct integration with or without an arbitrary constant.
Applies the limits a and 2a the right way round, subtracts and sets equal to In 7
Condone poor bracketing e.g. 2a+In2a—a+Ina=In7

Depends on the first method mark.
7
a= lnE ore.g. In3.5

Condone @ =In7—In2 but if this becomes In5 score A0
Condone clear confusion with the variable if the intention is clear e.g.

a 1

a

2at+1 2a 1 2a
I —dt= I l+; dt=[x+lnt]a —>2a+In2a—(a+Ina)=In7 etc.

Alternative attempts by parts for the first 2 marks:

EERIE

Ml

2
1 a —+t -.‘l+ldt=l Loy +£+lnt(+c)
t\ 2 2t t\ 2 2

Al

M1:

Al:

2 2
Award for J‘I—Hd _1 t—+t —I—lz t—+t dt
t\ 2 2
Must be correct as shown.

2
Fully correct integration. 1(% + tj + 4 +Int (+c) or equivalent.
t

I

J-ﬂdt— t+1 In¢— J‘lntdt

Ml

J'ﬂdt_ (t+1)Int—tInz+1(+c)

Al

Mi1:

Al:

Notes
t+1
Award for det:(t+1)lnt—Ilntdt

Must be correct as shown.
Fully correct integration. (t + 1) Int—tInt+¢ (+c) or equivalent.




Question

Number Scheme Marks

2(a) ) 1 dy 1 ) 1 ,(1
y=2x —3)tan(§xj:(a—j4xtan(§xj+(2x —3)><§sec (Ex) MIA1AI

x=a :>4atan(%aj+(2a2 —3)><%sec2 Gaj:o

sin(;aj i M1
— <L+ 2a’ -3)x———=0

oS l05
2

= 8a

8arsin [%ajcos(%a}+ 2a’-3)=0

4asina+Qa’-3)=0

dM1

2° -3+4asina=0* Al*

(6

Notes

1
Brackets around the Ex are not required.

M1: Attempts the product rule on y =(2x* —3) tan(% x) or on y =2x’ tan (% x) if they multiply out.
It is for either (2x* —3)tan(4x)— Axtan(4x)+B(2x’ —3)sec’ (1 x), 4,B>0
or for 2x” tan (4 x) — Axtan(4x)+Bx’sec’ (1 x), 4,8>0

Al:  One term correct: of 4xtan(4x) or (2x*—3)x4sec’(4x) or (2x”)x4sec’ (4x)
Al:  eg. (% :j4xtan(§x)+(2x2 —3)x4sec’ ({x).

A fully correct unsimplified or simplified derivative. % = 1s not required.

M1: They need to have a derivative with both tan(4x)and sec’ (4 x). It is for using

1

sin” (4 x)
~ cos” (L)

tan(4x) = or sec’ (+x)=1+tan’ (4x)=1+

cos’ (4 x)

and setting =0 which may be implied. This mark is for converting to an equation in

sin(% x) and COS(% x) only using the correct identities which may be implied by their work.
dM1: Uses the correct identity 2sin(4x)cos(4x)=sinx.
This may be implied by their work but if the identity sin (% x) cos(%x) =sinx is suggested,

score dMO.
Depends on the previous method mark.
Al1*: 2a’ -3+4asina =0 (Allow 4asina+2a’-3=0).
This is a printed answer so must follow all previous marks.
There must have been no errors, including bracketing errors.
May work in x or a (or a) or a mixture of both but must be a or g for final Al




(b)

(b) v 3 Mi
2 (2x0.7+4sin0.7)
X, = 0.7544, X, = 0.7062 Al
(2
Notes

M1: For substituting x, = 0.7, into the given iterative formula to find a value for x, .

Al:

It may be implied by the sight of x, = (2>< 07 +34 0 7) =... or x, =awrt 0.75 and also (if

degrees were used) x, =awrt 2.1

Do not condone misreads of the given iteration formula.
x, =0.7544, x, =0.7062 (both awrt 4 dp)

Remember to isw so allow e.g. x, =0.75436 =0.7543, x, =0.7062




(© Chooses interval e.g. [0.72825,0.72835] AND function, e.g.
f(x) =2x*> — 3 + 4xsin x and attempts the value of f (0.72825) and | Ml

£(0.72835)
2x0.72825* —3+4x0.72825sin 0.72825 = —0.0005
2x0.72835> =3+ 4x0.72835sin0.72835 = 0.00026 Al
+ reason + conclusion
(2)
(10 marks)
Notes

(c)
M1: Chooses

e Asuitable interval e.g. [0.72825,0.72835]

e A suitable function and attempts to find the value of the function at both ends.
The function may be implied by embedded values e.g.

2(0.72825)" —3+4(0.72825)sin (0.72825) and 2(0.72835)" —3 +4(0.72835)sin (0.72835)

or by their working/values e.g. 0.72825 — % =...,, 0.72835—> % =...,
) . ) . 3 . dy
Accept as suitable functions, i(2a —3+4asin a), +| x————— |, their —
(2x +4sin x) dx

Allow a smaller interval containing the root.
The interval does not have to be stated so the values may be seen at the point of substitution.
Condone the use of degree mode — see table below for values.
Al:  Achieves
e Correct values to 1 sf rounded or truncated
e QGives a valid reason e.g. change of sign (or equivalent e.g. > 0, < 0)
e Minimal conclusion such as “hence root”, “turning point”, “proven”
There is no requirement to reference continuity and any mention of it can be ignored.

For reference:
Function f £(0.72825) £ (0.72835)

—-0.00051431... 0.000260066...

2x* —3+4xsinx

(Degrees =—1.90227...)

(Degrees =—1.90197...)

3

-2 —0.00012487... 0.000063278...
(2x+4sinx) (Degrees = —1.26201...) (Degrees = —1.26163...)
d_y —0.0002945... 0.000149267
dx (Degrees =—0.95117...) (Degrees =—-0.95102...)

Attempts at repeated iteration score no marks in (c).




Question Scheme Marks
Number
3@a) X+ 5
x? -|-x—12)x4 +x° —7x? +8x—48
Xt —1247
5 MI1Al
5x”+8x—48
5x* +5x—60
3x+12
4,3 2
X +x : Tx” +8x 485x2+5+ 3(x+4) M1
X +x—12 (x+4)(x-3)
3
2
= 5
X" +5+ x—3) Al
(C)]
Notes
M1: Divides x* +x° —7x* +8x—48 by x* +x—12 to obtain a quadratic quotient and a linear

Al:

M1:

Al:

remainder ax+ f with o and f non-zero.
Correct quotient x* + 5 and correct remainder 3x+12.

4,3 2 . )
. . X' +x —T7x" +8x—48 . . Their Remainder
Writes their answer as = Their Quotient +

x*+x—12 (x+4)(x~3)
This may be implied by a correct expression following a correct quotient and remainder or by
correct values for 4 and B as long as there is no incorrect work.

Correct expression x> +5+ or states 4 =5, B=3

3
(x—3)

If they obtain x? +5+ this scores A0, even if they subsequently state 4 =5, B=3

(x+4)

(a) Alternative 1 comparing coefficients/substitution

xP+x —7x? +8x—48=(x* + A)(x? +x—12)+ B(x+4)
or M1
x4+ —Txt +8x—48=x1 (x* +x—12)+ A(x* +x—12)+ B(x+4)

2 correct equations from comparing coefficients or substituting values:
e.g X’ :A—-12=-7, x:A+B=8, const:—124+4B=-48 Al
oreg x=3=21=7B, x=0=-48=-124+4B

= A=...or B=.. Ml

A=5,B=3 Al

M1:

Al:
M1:
Al:

Notes
Multiplies up by x* +x—12 ore.g. (x—3)(x+4) to obtain a correct lhs and one of
(x> + A)(x* +x—12) or B(x+4) on the rhs.
If (x* + A)(x* +x—-12) is expanded must see both x2(x* +x-12) and A(x* +x—12)
Compares 2 coefficients (or may substitute 2 values) and obtains 2 correct equations.

Solves to obtain one of 4 or B.
Both values correct.




(a) Alternative 2 repeated division I

(x*+x" =7x" +8x—48)+(x—-3) > Q, =x’ +4x” +5x+23, R =21

then MI1A1
(x* +4x" +5x+23)+(x+4) > Q, =x" +5, R, =3
4, .3 2 2 21 3
— —48)+ 4)(x—-3)=
(x +x” —7x" +8x 8) (x+4)(x—3)=x +5+(x+4)(x—3)+x+4 M1
214+3x-9 3(x+4)
2 2 2
=X +5+———=x"+5+———F—=x"+5+
G-y P T e ae-y) T e Al
Notes
M1: Divides by (x — 3) first to give a cubic quotient ¢, and constant remainder R, .
Then divides Q, by (x +4) to give a quadratic quotient O, and constant remainder R, .
Al:  For O =x"+4x> +5x+23, R =21, O, =x" +5, R, =3
M1: Writes g(x) A e
: rites as Q, + -
g Q+ D =3) T xra
Al: Correct expression or correct values for 4 and B.
(a) Alternative 3 repeated division II
(x*+x° =7x7 +8x-48)+(x+4) > Q =x —3x" +5x—12, R =0
then MI1A1
(x* -3x7 +5x-12)+(x-3) > Q, =x"+5, R, =3
(x4+x3—7x2+8x—48)+(x+4)(x—3)=x2+5+i3 MIAL
x—
Notes
M1: Divides by (x + 4) first to give a cubic quotient 0, and constant remainder R,.
Then divides Q, by (x — 3) to give a quadratic quotient O, and constant remainder R, .
Al:  For Q =x’-3x*+5x-12, R =0, O, =x"+5, R, =3
M1: Writ + L + e
rites 800 85 Q, + TN =) T x=3
Al: Correct expression or correct values for 4 and B.
(a) Alternative 4 substituting values
x4 —T7x +8x—-48 B
5 =x"+A+
x“+x-12 (x_3) MI1A1
B 45 B
g x=0=24=4-——=:x=1=2>—=1+4——=
eg x=0= 3% = T + >
B 45 B
4=4—-—:—=1+A—-——==>A=..or B=...
310 + > = or M1
A=5,B=3 Al
Notes
M1: Substitutes 2 values for x
Al:  Any 2 correct equations.
M1: Solves to obtain one of 4 or B.
Al: Correct values for 4 and B.




(b) : 3
g'(x)=2x— >
(x=3)
or MI1AI1ft
%) (x2+x—12)(4x3+3x2—l4x+8)—(x4+x3—7x2+8x—48)(2x+1)
g'(x)=
(xz+x—12)2
x=4=g'(4)=2x4- 3 =5 Ml
(4-3)°
3
* &) 7—3(=24) dM1
=y-24=5(x—-4)ore.g y=5x+c=24=5x4+c=>c=..
y=5x+4 Al
3)
(9 marks)

Notes
Note that candidates should not be using a calculator in this part so if there is no algebraic
differentiation, they will generally score no marks.

M1: Differentiates their x> + A+ to obtain 2x =+

oee.g. 2x+B(x—3)7

(x—3)*

4,3 2
. . X +x" =7x" +8x—48 . .
or differentiates > to obtain an expression of the form
x“+x—12

(xz +x— 12) x a cubic polynomial — (x4 +x° —7x* +8x— 48) x a 2 term linear expression

=
= (x* +x-12)

Alft: x° +A+i—>2x—
x—3 (x=3)

(o7 +x-12)(4x° +3x7 —14x+8) - (x* +x° = 7x7 +8x—48)(2x +1)

5 . Follow through on their B or allow the letter B or a made up B.

or g'(x)=
. (¢ +x12)
which must be correct (nothing to follow through).
M1: Subtitutes x=4 into their g'(x) in an attempt to find a numerical gradient.
May be implied by their g'(4) following an attempt to differentiate.
dM1: For the correct method of finding an equation of the tangent with
e x=4
e yan attempt at g(4) which may be implied by their value or by 24
e the gradient an attempt at g'(4) following an attempt to differentiate
e the values correctly placed
If y = mx + ¢ 1s used they must proceed to a value for c.
Depends on the previous method mark.
Al: y=5x+4 cao and cso
Note that an incorrect value for 4 in part (a) will give the correct answer in (b) but this mark is
cso and should be withheld in such cases.




?\Iﬁ?ggp Scheme Marks
4(a) dy 2sin2x
y—ln(l—c0s2x):>(a—]m M1A1
(d_y _J 4sin xcos x
dx 1—(1—2sin2x) Ml
4sin x cos x
=————= 2cotx Al
2sin” x
4
Notes

d
Note that "Ey ="is not required apart from in alternative 3 below.

4 A<
M1: For differentiating In(1—cos2x) to obtain M
1—cos2x
dy 2sin2x
Al: (a —] T—cos2x

M1: Uses the correct double angle identities sin2x =2sinxcosx and cos2x =1-2sin’ x
The identity for cos2x may be implied by poor bracketing in the denominator e.g.
1-1-2sin’ x

d
Al:  Simplifies to obtain (_y =j 2cotx following M1A 1M1 previously.

dx
) ) ) 45si
There must be at least one intermediate correct line between SIN YOS X and 2cotx
1—(1—2sin2 x)
) ) 4si 2
which will usually be L(Z:osx ore.g. (.:OSX
2sin” x Sinx
(a) Alternative 1
Asi
y=1n(1—cos2x)=1n(2sin2 x):(d—y =]L§08x MI1A1
dx 2sin” x
4sin x cos x
5 =2cotx MI1A1
2sin” x
Notes
. .2 . . . *Asinxcosx
M1: Writes In(1-cos2x) as In(2sin“ x) and differentiates to obtain —
sin“ x
Asi
Al (d_y=] smx;osx oe
dx 2sin” x

M1: Obtains (—y=

d + Asin xcos x L )
]— and simplifies to obtain k cot x

dx

sin” x

Al: Obtains (% =] 2cotx following M1A1MI1 previously.




(a) Alternative 2
2
y=In(1—cos2x) = ln(2sin2 x) =In2+2Insinx = (d—y =)o+ 22 I MIAl
dx sin x
2C0SX _ ) cotx MIAl
sin x
Notes
. .2 ) . . . *Acosx
M1: Writes In(1—cos2x) as In(2sin“ x) then In2+ 2Insin x and differentiates to obtain nx
X
dy 2cosx
Al: —=
(dx ) sinx C
A
M1: Obtains (d_y =] ﬂ and simplifies to obtain % cot x
dx sin x
Al: Obtains (% =]2cot x following M1AIMI1 previously.
(a) Alternative 3
y=1n(l—c052x)=>ey=l—cos2x:>ey%=25in2x MIA1
dy _ 2sin2x _ 2sin2x _ 4sinxcosx
dx ey 1—cos2x 1_(1_2811,12 x) M1
4sin xcos x
.—2 =2cotx Al
2sin” x
Notes
. . : ) d .
M1: Writes y=In(1—cos2x) as e’ =1—cos2x and differentiates to obtain e” ay = Asin2x
Al: eyQ=2sin2x oe
) dx
.. . dy £A4sin2 . iy
M1: Divides by e’ =1—cos2x to obtain & _ =AY nd uses the correct double angle identities
dx 1-cos2x
sin2x =2sinxcosx and cos2x =1-2sin’ x
The identity for cos2x may be implied by poor bracketing in the denominator e.g.
1-1-2sin” x
Al: Simplifies to obtain % =2cotx following M1A1MI1 previously.
Asi
There must be at least one intermediate correct line between SIMXYCOSY  nd 2cotx
1—(1—2sin2 x)
4si 2
which will usually be JoRAeosy ore.g cos X

2sin? x S x




(b) 2cotx=2«/§:>tanx=L
V3

1 . MIA1
= t e = —
X arcan(\/g):x c

2 1
y=ln(1—cos(£)]=ln§ or —In2 MI1A1l
(8 marks)

Notes

If k£ =2 is obtained fortuitously or guessed in part (a) do not allow the A marks in part (b).

Mi1:

Al:

Mi1:

Al:

to find tan x and then arctan to find x which may be implied by their value of

1
Uses cotx =
tan x

x. Note that some candidates may not be able to find a value of x depending on their value of £
: k -1 k .
from part (a) so allow this mark for e.g. kcotx=243 = tanx=—==>x=tan | —= | with
part (a) g 3 5 (2 \5)
their numerical £.

xX= % following & = 2 obtained correctly in part (a). (Do not accept 30° for this mark)
1
Must be evaluated e.g. not x=tan"| — |.
¢ (ﬁ)

Ignore additional (incorrect) values such as x = <

Substitutes their value of x in y =In(1—cos2x) to find the y coordinate.
May be implied by their value and allow e.g. y = ln(l —cos Z(tan_1 (%)D with their

numerical %.

1
y= lnz or —In2 following x = % or 30° from fully correct work including £ = 2 obtained

correctly in part (a).

1
Must be evaluated e.g. not y=1In| 1—cos2 tan_1 — .
= [ [ (ﬁm

Withhold this mark if other values of x and y are given within the range.

| )




uestion
Q Scheme Marks
Number
5(a) 2cosec2A = — 2 Bl
sin2 4
' _cotAd=— 2 _c?sA M1
sin2 A 2sin Acos A sin A
_ 2
_ 2 . 2cos” 4 M1
2sin Acos A
-2 .
_ ?sm A :smA:tanA * Al*
2sin AcosA cos A
Q)]
Notes
Condone use of a different variable e.g. & or x for A.
Condone the use of mixed variables for the B and M marks as long as the intention is clear.
B1:  Writes cosec2A4as —
sin24
A .
M1: Uses sin24=2sin Acos A ore.g. sin24 =sin Acos A+cos Asin A and cot 4 = C?S to write

sin 4
the lhs in terms of sin 4 and cos 4 only.
M1: For writing the lhs as a single fraction in terms of sin 4 and cos 4 only.
a cos A
bsin Acos A sin A
(which may not be the lowest) and 2 terms in the numerator, one of which must have been

It is for writing as a single fraction with a correct common denominator

“modified”.
2 cosA_2sinA—2sinAcoszA
=& 2sin AcosA sind 2sin® Acos A
is acceptable without a lowest common denominator
2 cosA_sinA—2cos2A

o8 2sinAcos A sin A 2sin Acos A4
is acceptable with a correct denominator and 2 terms in the numerator of which at least 1 has been
modified
Al*: Completes the proof with no errors.
The 2’s must be cancelled at some point but it is ok for them to just “disappear”.

. o . sin4
The 1-cos” 4 in the numerator must be replaced with sin® 4 and the expression must be

cos 4
seen before being replaced with tan 4 but allow this appear in the form of cancelling e.g.
ZL . For this mark condone minor notational errors (e.g. a missing 4) but not

Z}MCOSA

. . . . .. 2 2
consistent poor notation throughout such as mixed variables or writing cos” 4 as cos 4.

For the final 2 marks, allow a “meet in the middle” approach
_cosAd _sin4

e.g. sets — - =
2sinAcosA sinA cosA

x2sin Acos A —2—2cos” A=2sin> 4= 2sin’ 4 =2sin” 4 Hence proven.

Score the first BIM1 as in the main scheme and then M1 for e.g. multiplying through by 2sin 4cos 4
and A1* for a fully correct proof with a (minimal) conclusion.




(b)(i) 2cosec40—cot29=\/§:>tan2l9=x/?_>:>6’=... M1

:9:@:% or awrt 0.524 Al

M1: Uses part (a) to write the given equation in form tan 26 = J3 and proceeds to a value for 8 by
finding arctan of J3 and dividing by 2.

It may be implied by e.g. 4 =20 —>tan 4= B=A4=..as long as they then find a value for &
by finding arctan of V3 and dividing by 2.
If a candidate restarts then they must reach tan 26 = \/5

Al: Achieves 0 = % or accept awrt 0.524 but not 30°

Ignore extra solutions outside the range but withhold this mark if there are extra solutions in
range. Must follow the award of M1 so correct answer only scores no marks.

(i) tanH+cott9=5:>sin20=% M1

=0= %arcsin(%j =awrt 0.206,1.37 Ml Al

(6)]

(9 marks)

M1: Uses part (a) to deduce that sin 26 :§

M1: Uses the correct order of operations to find at least one angle for &
It is for sin26 =k where |k| <1 followed by 6 = %arcsin(k) =...

If working is not shown you may need to check.
Al: Forawrt 0.206 and awrt 1.37 and no other values in the range.
Accept awrt 0.0656 7 and awrt 0.436 7.
Apply isw if values are subsequently rounded further.
Answers in degrees score A0 and correct answers with no working scores no marks.
Special cases:

tan@+cotd =5= sing | cosd =

- - =5:sin26?=g
cos@ sind 1sin 260 5

Scores M1 for reaching sin 26 =§ as in the main scheme and then dM1A1 as above.

BUT

tan@+cotd =5=tan @+ =5=tan’H—-5tanf+1=0

tan

+
S_E/E = @ =awrt 0.206,1.37

5+21
2

5+21
2

=tanf =

Scores M1 for reaching tan 8 = and obtains awrt 0.206 or awrt 1.37

and then M1 for reaching tan 8 = and obtains awrt 0.206 and awrt 1.37

The Al is not available as they have not used part (a).




Question Scheme Marks
Number
6(a) fg)=f(2)=7 MI1Al
2
(b) Either g(0) =3 or g(x - ©) — 0.5 Ml
05<g(x),, 3 Al
(2)
© y= x+9 = y(2x+3)=x+9
2x+3
9_3 M1
= x2y-1)=9-3y=>x=2-_2
2y—1
g‘l(x)=9_3x, 0.5<x<3 Al, Blft
2x—1
3
(d) Attempts to find f(0) =2x3+5=11 ORf(3) =5 MI
S5<k <11 Al Al
3
(10 marks)
Notes
(2)
M1: Full method for substituting their g(1) into f.

Al:
(b)
M1:

Al:
(c)
M1:

Al:
B1ft:

(d)
Mi1:

Al:
Al:

x+9
2x+3

7. Sight of 7 can achieve both marks if no incorrect work is seen.
Do not accept multiple answers.

+5

Can also be scored for seeing x = 1 substituted into 2‘3 -

Achieves the correct value for either end of the range. Sight of 0.5 or 3 or e.g. % is sufficient.

Correct range and correct notation. Accept 0.5<y <3 ore.g. 0.5<g<3 ore.g. (0.5, 3]

. +9
Full attempt to change the subject for y = x+9 or x=-2
2x+3 2y+3
They must cross multiply and collect terms to get x = p+b or y= ax+b oe where
cy+d cx+d

a, b, ¢ and d are non-zero.
g (x)= % . Accepty or g~ for g”'(x)
x —

Correct domain or follow through on their answer for (b) but it must be appropriate notation in
terms of x.

E.g. 05<x, 3 or (0.5,3]
Do not follow throughon yelR »>xeR

Attempts f(0) or f(3).
Evidence could be seeing 2|3—0| +5 or 2|3—3| +5 or the sight of Sor 11

It may be seen as one of the limits on £.
Achieves correct limits of 5 and 11 which may be seen embedded e.g. 5 < k x*}1

Fully correct 5 <k <11 oe e.g. (5, 11]




%ﬂﬁ:ggp Scheme Marks
7(@) t:O:>(P:)200— 160 =190=190 000 M1A1
15+1
(2)
(b) e — ae” Ml
dp 15+e"*)x96e"" —160e” x0.8¢"*
Ve (e )x0oe 087 ze o MIAL
dt (15+¢™)
3)
Notes
(a)
160 200-160

M1: Sets¢=0and uses ¢’ =1. It is for attempting 200 ——— but not
15+1 15+1

This can be awarded for a correct answer.
Al:  Correct answer only. Accept 190 000 or 190 thousand or (P =) 190 (bees).

The answer is an integer so do not allow awrt 190 or 190 000 i.e. no decimals.
(b)
M1: For evidence of € — ae” where a is a constant.

This may be embedded within the quotient (or product) rule or their attempt to differentiate.

N (15 +e().81)xpeo.6t _qeOASZ % eOA6t

(15 +eO.8t )2

M1: For applying the quotient rule to obtain (;ﬁ :j
t

rule to obtain (((11—]; :j + [Aeo‘é’ (15+e"¥) " + Be"* (15+e"*) % x Ceo'g’]

Condone invisible brackets for this mark but not for the A mark below.
Al: A correct unsimplified or simplified derivative.

dP ) (15+¢™)x96e™" —160e™ x 0.8¢""
Sl 15+
ore.g.

(‘;—I; :j—160><0.6e°'6’(15+e°'8’)1+16O><O.8el'4’ (15+¢™)? oe

oc

n

P . . . .
& =" is not required so just look for a correct expression.

Apply isw once a correct derivative is seen.

or the product




(©) 15+ eo'st) % 96" —160e"" x (0 8e*¥
Sets 0.8712 =0
A5+e™)
= (15+e"¥)x96e"" —160e"* x0.8¢** =0
= 144060.6t — 3261.4t or e'g. eO.St — 45 oe
MI1A1
or
—160e (15+¢™)? x 0.8e™* + (15+¢**) ™' x128¢*" =0
= 144060.& — 3261.4t or e.g. eO.8t — 45 oe
:>T:lr(l)—485:4.76 dMI1A1
4
(9 marks)
Notes

M1:

Al:

dM1:

Al:

Allow recovery here if signs are reversed in their derivative.
May work in T and/or .
Sets the numerator of their quotient rule attempt = 0 or sets their product rule attempt = 0 and

obtains pe”® =g or 4e"* = Be'* or equivalent.
The denominator of their quotient rule (correct or incorrect) can be ignored in part (c).

1440e** =32¢'* or €** =45 or an equivalent correct equation.
Must follow correct work but allow this mark if the only error is reversed signs in their
derivative.

+hkt

Having set % =0 and obtained either 4e” = B (k may be incorrect) or Ce™ = De*”" where

k,a,p #0 itis for the correct order of operations including taking In’s leading to £ = ...
May be implied by their value of 7.

It cannot be awarded for impossible equations e.g. e"* =—45
Depends on the first method mark.

T:1n45
0.8

or equivalent or awrt 4.76

Must follow correct work but allow this mark if the only error is reversed signs in their
derivative.




Question Scheme Marks
Number
8(a) R =./109 B1
tana:%:a:awrtl6.70° MI1A1
3)
(b)(i) Max height = 12+ /109 ’= awrt 22.44 (m) Bift
(ii) Occurs when 307+'16.70'=180 = ¢ =5.44 MI1A1
3)
Notes
(a)

B1: R =/109. Apply isw after this is seen e.g. if they convert to a decimal.
Do not allow R =%+/109.

M1: Attempts to find ¢ . Look for tana = i% = o =... but condone tan @ = i% S>a=..

o ) 1
or if R is used allow s1na:i%:>a:... or cosa:iﬁoza:...

Al: a =awrt16.70° but condone a =16.7°

It is not for awrt 16.7 e.g. 16.67 scores A0
An answer of a =awrt0.29 radians scores A0
(b)(i)
Bift: For awrt 22.44 (m) or 12++/109 following a correct value for R but ft on their R value so allow

for 12 + their R in exact form or for 12 + their R as awrt 2dp (you may need to check).
Units are not required but if any are present they should be correct.

b)(ii

%VI)I(: ) Attempts to solve 30z +'16.70'=180 to obtain a value for ¢.
If radians were used in part (a) then allow an attempt to solve 30¢+'0.29'= 7
(which leads to £ = 0.095...) but do not allow mixing of degrees and radians e.g.
30t +'0.29'=180=1 =...
Allow methods that use e.g. x =30 = x+'16.70'=180e¢tc. provided they subsequently replace
x with 30¢ and find z.
May be implied by their value for 7.

Al:  awrt 5.44 only.
If multiple solutions are found then awrt 5.44 must clearly be identified as their chosen solution.




(©) 6
18 =12—/109 cos(30¢ +16.70) = cos(30¢ +16.70) = ——— (—0.57.. MI1A1
( ) ( ) N ( )
6
=30r+16.70 =arccos| ———— [(=125.078..° )=t =..
( _109]( ) dM1
t =awrt 3.61(2dp) Al
(G))
Notes

M1: Uses H = 18 in their answer to part (a) and proceeds to cos(30z +'16.70") = k£ where |k| <1
Allow this mark for 18 =12—-"4/109 "cos(30¢+"16.70")leading to cos(30¢ +'16.70") = k where
k| <1

Al:  cos(30r+'16.70") =— or awrt—0.57... following through on their «

6
J109
May be implied by 307+'16.70'=awrt 125° or awrt 2.2 radians.
dM1: Correct order of operations to find a positive value for # from their negative value for £.

The order of operations must be correct from their cos(30¢+'16.70) =k (—1<k <0) and the
value chosen must be in the second quadrant.

Condone use of radians if consistent with their value of o e.g.
6

18 =12 —/T09 cos(30¢ +"0.29") = cos(30¢ +"0.29") = ———  (-0.57..
( ) ( ) N ( )
6
—30¢+"0.29" = arccos| ———— |=0.2183...= ¢ =..(0.0631...
( f109j ( )

but do not allow mixing of degrees and radians.
Depends on the first method mark.
Al: awrt 3.61 and no other values following the award of M1, A1 dM1

Allow methods that use e.g. x =30 etc. provided they subsequently replace x with 30¢ and find ¢.

For reference:
Work and marks for a candidate working entirely in radians in (a), (b) and (¢):

(a) R=109, a=0.29 BIM1AO
(b)(1) 12+ /109 = awrt 22.44 m Bl
(b)(i1) 30¢+0.29 =7 =1t =0.095... MI1AO
6
¢) 18=12—-/109 cos(30r+0.29) = cos(30r +0.29) =——— (-0.57..) MIAIl
(c) N/ ( ) ( ) Ji05 ( )
6
=30t+0.29=arccos| ——— [(=2.183...)=>¢=.. M1
( \/109]( )

=1=0.063... A0



(d) 30t =360=>¢t=.. or 30r=720=>1¢=.. Ml

24 minutes Al

2

Notes
M1: Attempts to solve either 30r =360 or 30r =720 to find ¢ or else states 12 or 24

bR AN1Y 2 ¢ 2

Al: 24 minutes. Requires minutes or €.g. “mins”, “min”, “m”.

| | (12 marks)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The functions f and g are defined by

f(x) =In(x" + 3) xeR
3+ 5x
= xeR x>-2
&) x+2

(a) State the range of f

1)
(b) Find g

3)
(c) Find fg(0)

()
(d) Find the exact value of a for which

g(ez") = f( et - 3)
3)

) DA D R0 c—.
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(Total for Question 1 is 9 marks)
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y = 1)

v

Figure 1

Figure 1 shows a sketch of part of the curve with equation y = f(x) where

f(x) = — xeR x#0

2

2x" +3x-4 1
* x

(a) Show that f(x) =0 has aroot a in the interval [1, 2]

(2)
(b) Show that the equation f(x) =0 can be written in the form
/ex + 4x’
x=3
2x +3
(2)
Using the iteration formula
e +4x? )
x =3 . with x =1
2x, +3
find, to 4 decimal places,
(c) (i) the value of x,
(i1) the value of «
3)
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r i
3. The share price, £V, of a company is being monitored.

A graph is drawn of log, V' against 7, where 7 is the number of years after
monitoring began.

The graph is a straight line passing through the points (0, 2) and (5, 2.25)
Using this information,
(a) find an equation for the line in the form

log, V=mt+c

where m and ¢ are constants.

(2)
(b) Write the answer to part (a) in the form
V=ab'
where a and b are constants to be found.

Give the exact value of a and the value of b to 3 significant figures.

3
When ¢=T, the rate of increase in the share price of the company was £50 per year.
(c) Find the value of 7, giving your answer to the nearest integer.

(Solutions relying entirely on calculator technology are not acceptable.)

C))
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4. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) f(x)= V3 sin2x — 3 cos 2x

Express f(x) in the form Rsin(2x — a), where R and a are constants,

T
R>0and O0<a< =

2
Give the exact value of R and the exact value of a.
3)
18
b X) = x>0
®) g f(3x) + 43
Using the answer to part (a),
(1) write down the exact minimum value of g(x),
(i1) find the smallest value of x for which this minimum value occurs.
You must make your method clear.
3)

NN T 0 D A o
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The number of squirrels in a forest is being studied.

The number of squirrels, N, in the forest, ¢ years after the start of the study, is modelled
by the equation

N = 4000e""

T 19 4™ >0

Use the equation of the model to answer parts (a), (b), (¢) and (d).

(a) Find the number of squirrels in the forest at the start of the study.

1)
(b) Find %
(2)
The number of squirrels in the forest is at a maximum when =T
Using the answer to part (b),
(c) show that e"*"= A, where 4 is a constant to be found.
(2)
(d) Hence find the maximum number of squirrels in the forest.
Show your working and give your answer to the nearest whole number.
3)
16
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6. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(i) Given y=1In(2x"+5) find %

(2)
(i1) A curve C has equation y = f(x) where
f(x) = 3x221j: p xeR
where £ is a positive integer, £ > 1
Given that
'[kf (x)dx < 7In8
1

find the greatest possible value of k&

)
L
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve C has equation

X2 +(3k-2)x

y = 2xe

where k is a constant.

Given that C has two distinct turning points, find the range of possible values of .
)
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YA

N V"

Figure 2

Figure 2 shows a sketch of the graph C, with equation
y=-2x"+5x+4x-3
and a sketch of the graph C, with equation
y=a+|5x+b|
where a and b are constants.
Graphs C, and C, intersect at point P, point Q and point R, as shown in Figure 2.
Given that P has coordinates (-2, 25)

(a) show that

a=15+b
(2)
Given also that R has coordinates (2, 9)
(b) find the value of @ and the value of b
3)
Using the answer to part (b),
(c) state the coordinates of the vertex of C,
(2)
(d) Find, using algebra, the coordinates of Q. Show each stage of your working.
(Solutions relying on calculator technology are not acceptable.)
(6)
26
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9. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Express
6sin*Hcot26 + 4sinfcos O

in terms of sin26 and cos26 only.

©)
(b) Hence show that the equation
3cot26 — 14 = 6sin’Gcot 20 + 4sinfcos O
can be written in the form
5sin’20+ 14sin20-3=0
©)
(c) Hence solve, for 0 < x < 90°, the equation
3cot2x — 14 = 6sin’xcot 2x + 4sinxcosx
giving your answers to one decimal place.
3)
L
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General Marking Guidance

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

e Markschemesshouldbe applied positively. Candidates must berewardedfor
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 Thereis 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 fullmarks if deserved, i.e. if the answermatches 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 some judgementis required, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminersareindoubtregardingthe application of the mark scheme to
acandidate’sresponse, the team leader must be consulted.

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



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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

M marks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

3. Abbreviations

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

bod - benefit of doubt
ft - follow through

o thesymbol fwill be usedforcorrect ft
cao - correctanswer only

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

isw - ignore subsequent working
awrt - answers whichround to

SC - special case

oe - or equivalent (and appropriate)
d.. ordep - dependent

indep - independent

dp - decimal places

sf - significant figures

* - The answeris printed on the paper orag- answer given



. L ord.. - The second mark is dependent on gaining the first mark

. AllAmarks are ‘correct answer only’ (cao), unless shown, forexample, as Al ft
toindicate that previous wrong working is to be followed through. Aftera
misread 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 attemptis crossed out, mark the attempt whichis NOT
crossed out.

b) If eitherallattempts 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 |PC]| = |C| leadingtox=..
(ax® +bx +¢) = (mx+ p)(nx +q), where |pq| = |c| and |mn| = |a| leadingtox= ..

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

Solving x> +sx+c—o0: (xt2)’tqte, ¢#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 given
inrecent 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 use it, even if
there are small mistakesin 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 inthe
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 happens in particular cases. General policy is that if it could



be done “inyourhead”, 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 yourteamleaderfor advice.



SIsiey Scheme Marks
Number
1(a) f(x)>In 3 Bl
: ()
(b) g,y 3—2x A
g =g or-2m o508 MIAT
x<5 Bl
(3)
(c) 3 3) . (21
(2)
2a
(d) SACLINRN YCTR S TCTI ST,
e2(1_'_2 M-l
e =5=2a=In5=a=.. dM
1
(3)
(92 marks)
(a)
Bl:  f(x)>In3 o.e.Acceptwithyinplace of f(x).
(b)
M1.  Attemptstorearrange to find theinverse. Score forachieving the form
7
_B3tax xX= 3+2y . Iftheyuse y=5———score forreaching
+x+5 +y+5 x+2
7
X = T51 t2o0efory-=...
54y
Al g'(x)= 372 e (e.g. see scheme). Allow withjustg™'oryorevenf™!
Y—
Bl: x<5
(c)
M1.  Attemptstofind fg(0). May find the function fg(x) and substitute Ointo
this. Condone slips. May be implied by awrt 1.7 if no substitutionis shown.
Al: ln(%j or exact simplified equivalent and isw.
(d)
2a
MI1.  Sets 3;562 =4 and proceeds to make e¢** (orcondone 4e**)the subject.
e +

They must achieve the 4 although this may appear later in working.

Alternatively, sets g'g(e*) = g*‘f(\/e4 -3 ) =¥ =g'(4)= -

—~_5
-1



dMT:

Al:

Takes valid Ins of both sides (must be Ins of positive numbers) and

proceedsto find avalue fora. Itis dependent on the previous method
mark.

1 , ,
(a=) Elns orexactequivalentandisw



Quesien Scheme Marks
Number
2(a) 27 +3()-4 1 2027 +3(2)-4 1
py=2W 304 1 g =224 1
1 (2)
f(1)= —0.6(321...)[ <0]and £(2) = 1.(103...)[ > 0] A
= Thereis a sign change and f(x) is continuous over the
intervalhenceroot (inthe interval [1,2])
(2)
2
(b) 20 +3x-4 +§x_4—%:0:>2x4+3x3 =e" +4x° M1
(& X
X 2
PQx+3)=c +48 = x2S AT*
2x+3
(2)
(c) 1 2
(0 X, = 3/% —awrt1.1035 = x, =awrt1.1484 MIAT
(i)
1.1813 Al
(3)
(7 marks)
(a)
M1:  Attempts f(1) and f(2).Values embeddedinthe expressionis sufficient

Al:

(acceptslipsif theintentionis clear), orif no substitutionis seen accept
one correct value (truncated orrounded to 1sf) with an attempt at both
made.

Both f(1) and f(2) correct (truncated orrounded to 1sf), reason (e.g. “sign
change” or <0, > O shown) and conclusion. Must refer to the function
being continuous (over the interval) in some way, though be tolerant with
language used.

Note: anarrowerinterval may be used but if so must contain the root 1.183... to

(b)
M1:

AT*:

score the M.

Sets f(x) = O (may be implied), attempts to multiply both sides by x* and e*
and isolates the quartic and cubic terms on one side.

Factorises the left-hand side and proceeds to the given answer via an
intermediate step with no errors seen.




Note: Working backwards is possible. For the Mook for cubing and cross
multiplying to reach a similarintermediate stage, and all correct forthe A
mark.

(c)

()

MI1:  Substitutes x =1 into theiterative formula. May be implied by awrt 1.10 or
awrt 1.15if substitution not seen. Condone miscopies if the substitutionis
shown. NB Correct value for x3 stated implies this mark.

Al:  (xs=)awrt1.1484. Must be x; and not another term (if labelled).

(i)

Al:  caol.1813 asthefinal answer (cannot be scored without M1 being scored

in (c)(i))



?\lt;sggp Scheme Marks
3(a) o _225-2
5 M1
log,, V' =0.05¢+2 Al
(2)
(b) log,, V' =0.05t+2 =V =10"* M1
a=100orb=1.12 A
v =100x(1.12) A
- (3)
(c) — =100XIn1.12%(1.12)" (=11.33(1.12)
" 00x1n1.12x(1.12)" ( 33(1.12)) B1t
100x1n1.12><(1.12)T:50:(1.12)T:L
100In1.12 M1
50
T=)1 _— | =...
(=) Og"”[moml.lzj dMi1
T=)13
(T=) N
(4)
(9 marks)
(a)

M1.  Attemptsto find the gradient of the line, must be changein “y”/changein
“x”. May be found via simultaneous equations - look foran attempt to
solve the correct equations.

Al:  log,V =0.05t+2 Acceptloginplace of logic here and throughout but

must be correct variables.

(b)

M1.  Correct attempt to make Vthe subject, or alternatively takes log of V =ab’

andfinds anequationinjustaorbie either 2=1log,,a or % =log,, b.If there

isnoincorrect working allow for obtaining an expressionforaorb, e.g.
a=10> or h=10",

Al a=100 or b=awrt1.12 (Mmay be stated orembedded in an equation of the
correctform).

Al: v =100xX(awrt 1.12)". The equation must be given not just values.
SC Award M1A1AOQ for candidates who start with anincorrect step of
vV =10%%"+10%but recoverto vV =102x10%%" = 100(1.12)" in subsequent
work (and similar for variants).

(c)




Bift:

MT:

dMT:

Differentiates to the form "100"In"1.12"x("1.12")" follow through their

values foraandb from part (b). Accept any unsimplified equivalents and
values correct to 3sf.

Setstheir . which must be a changed function of the form k(" 1.12")!

(Kmay be 1) equal to 50 and rearranges to the form ("1.12")" =...

Correctly proceeds from and equation of form ("1.12")" =... to T=... (any
valid means, you may need to check theirvalue if no method is shown).



Question Scheme Marks
Number
4(a) R=4/12 0r2\/§ Bl
aztan_l(ijz... M
NG}
(f(x)=)12 sin(Zx —gj Al
(3)
(b)(i) Minimumvalue=L(= 3)
JIZ+a3 V3 B1
(ii)
Y P -
sin x—g = Zx—gﬂ M1AT
(3)
(6 marks)
Al: (T=)13
(a)
Bl: /12 oee

3
Ml:  Attemptstofind a =tan™ (iiJ =.0ra= tan"(i %J =...0r

3

a=cos_1(i

2

3

NE)
= —an—l| 3.
J—...Ora—sm [—2\/?}—

Al: (f(x) =)\/§sin[2x—§j (orexact equivalent). Must give the expression but

acceptif givenin(b), notjust the values for Rand a, but fullmarks can be
scoredin subsequent parts from the correct values if the expressionis not
explicitly stated.

(b)
()

Bl: J3 orexact equivalent. No need to simplify. If multiple answers are given
they must clearly identify this as the minimum value to score the mark.




(ii)

M1.  Setstheir sin(6x —%j =1 and attempts to find avalue for x. Follow through
on f(3x) for their f(x).

Al i;z only

36
Note: Answers only with no working shown is MO (calculator method).



Gl)ﬂt(?nsggp Scheme Marks
5(a) 0 Bl
4OOOe0 ~900
19+e¢
(1)
(b) AN (19+€"%)x400e"" —4000e"" x 0.2¢"*
E_ (19+e(].21 )2 M]A-l
(2)
(c) (19 +e™ ) x400e”" —4000e”" x0.2¢"* =0 =" =19 MIAI
(2)
(d) 042T:1 T:1n19 =14
e 9= 07 ( 7.2 M1
400060.1"14.7" )
N:W:4588:459 SqunTGIS dMIAT
(3)
(8 marks)
(a)
Bl: 200
(b)

M1l.  Attemptsto differentiate via the quotient rule (or the productrule). Look

. (19 _,_eo.zt) X Ael-1f — ga0.11 % 00.2¢
forreaching or

(19+e().2[)2
A1t X(19+eo.2t)—1 +Bef 1 x _(]9+e().2t)—2x %2 where A, B> 0
Condone missing brackets forthe M mark.
Al: Correctunsimplified derivative and isw. Any missing brackets must have
beenrecovered.

(c)

M1:  Sets theirnumerator of the form + Pe®'”+0e%3"(or unsimplified equivalent)
equaltozero andrearrangesto ¢’ = 4

Al: e’?” =19 andisw. Acceptwith tinstead of T. Allow from answers to (b) with
anincorrect denominator but correct numerator or negative of the
numerator.

(d)

M1: TakesIns of bothsides and proceedsto find avalue for T (acceptawrt14.7
if methodis not shown). There must be evidence of usinglogarithms.
Alternatively score for stating orimplying e’-!/= \/ﬁ




dMT:

Al:

Substitutes their positive value for Tore’ ! into the original equation to
find avalue for N. Itis dependent on the previous method mark.

459 (accept 458) provided the Ms have been scored. The ¢°?" =19 must
have been genuinely found, not fluked from anincorrect numerator.
However, aslong as the numerator was correctin (b), this mark may be



.
QAN Scheme Marks
Number
() (d_y ‘j ix
dc )23 +5 MIAT
(2)
(i) f 2 =T G 1 h) (+e)
3 +k 2 MIAT
k 2 2
[zln(3x2+k)} <78 = Lin| 2K FE ] ging = TR gy
2 1 2\ 3+k 3+k M1
2
AR (V64 3 - 63 -192 (<0) =k =..
3+k
dM1
k=23
Al
(5)
(7 marks)

awarded if subsequent working was correct.

()

MT: —— . Allow with anything for the ...
2x°+5
Al (d—y =j ix o.e.andisw
dx 2x°+5
(ii)
MI1:  Attemptstointegrate to an expression of the form 4In(3x* +k) or
k . AxIn(3x%2+k)
Bln|x2+ E .Allow for cancellingx’se.g ——  (AllowA orBto be )
Al %ln(3x2 +k) o.e.with orwithout the constant of integration. Condone
missing brackets for this mark and condone if extraintegral symbols are
leftin.
MI1.  Attemptsto substituteinthe limitsinto their changed expression (which

must involve In), sets the expressionless than 7In8 (condone an equation)




dMT:

Al:

and uses correctloglaws toremove Ins - including correct bracketing
used. Youmay allowIn 8 to be written as a decimal but any In or exponential
work must be correct. Note the form for theirintegral must be such that
they are able touse loglaws toremove Ins.

Rearranges theirinequality (may be an equation), proceeds to a three-term
quadratic in k and attempts to find a value for k (usual rules apply for solving
a quadratic - if using a calculator the value(s) must be correct for their
equation). Itis dependent on the previous method mark.

23 cao



7 dy 2(3k=2)x P +(3k-2)x
(a _J Je +2xe X(2x+(3k_2)) MIA1AT
= 20" +(3k-2)x+1=0= (3k—2)’ —4x2x1 dMIAT
k> —12k—4(>0)
Ok 12k 40 o [2ENC12 —4xOx ()
2%9
P < 2-22 or k> 2422
3 3 M1A1
(7 marks)

M1:  Attempts the productrule achieving (% :j A7) | k) f(x)

where f(x) is a quadratic function of x, condone missing/misplaced
brackets forthe M.

Al:  Oneof 2¢" % or 2xe™ 042« (2x + (3k —2)) (Unsimplified)

Al:  Correctunsimplified derivative

dM1: Setstheirderivative equalto zero (may be implied), collects terms and
attempts b’ —4ac on a3 term quadratic - must be extracted not just part
of the quadratic formula. Itis dependent on the previous method mark.

Al:  (3k—2)>—8(>0) orequivalent quadratic expression or multiple thereof.
Need not be simplified.

d
M1l:  Must have attempted Ey =(0andreached aquadraticin k. Attemptsto

solve theirquadratic in k (including via a calculator) and attempts the
outside region fortheir critical values (accept with endpointsincluded.).
Accept with decimals answer correct to 3 s.f. for this mark.
2-2\2 or ks 24242
3 3
“or” when given as two ranges, but use of set notation must use union, not

AR

Al: k<

orexact equivalent. Allow with “and” instead of

intersection.E.g.k €

Alternative method viaimplicit differentiation scores the same way with
M1A1A1 for correct differentiation. M1 for a correct form of derivative
statement up to constant/sign errors.




NB: method must be seen for the dM mark, if critical values appear froma
derivative statement with no method shown (by calculator) thenitis dMO. The
discriminant must be considered. But the last mark is not dependent, so may
be scored for selecting the correct “outside” region for their cvs.



Quesien Scheme Marks
Number
8(a) 25=a+—-(5X=2+b)(=25=a+10—-b)=>a=15+b * MI1AT*
(2)
(b) 9=a+10+b=a=... or b=.... M1
a=7, b=-8 AlAT
3)
(c) 8 7
5’ B1ftB1
(2)
(d) 15-5x=-2x"+5x" +4x—-3=2x" —5x"-9x+18=0 M1
2x° =5x" —9x+18=(x+2)(2x* =9x+9) dMIA]
2 3 .
2x —9x+9=0:>x=5(|gnore x=3) ddM1
55
22 MIAT
(6)
(13
marks)
(a)
MI: Substitutes (-2, 25) into y =a—(5x+5b).Youmust either see a correct

unsimplified equation without the modulus before the answer or
indication of correct branch with attempt to substitute.
Note they may use the cubic and substitute x = —2to achieve the 25.
Formethods via squaring send to review if you are unsure if the marks are
deserved.

A1*:  Achievesthe given answerwith no errors seen following a correct
unsimplified equation.
If they attempt both equations, they must clearly indicate the choice of
solution.

MI: Substitutes (2, 9) into y = a+(5x+b) and solves simultaneously with the

equation from(a) to find a value fora oravalue forb. May be implied by a
correctvalueforaorb.

Al: Oneofa=7, b=-8

Al: Botha=7, b=-8 only



(c)
BIft:

B1:

(d)

MT:

dMT:

Al:

ddMT:

MT:

Al:

Note if there are attempts at squaring they must reach only the correct

values. If unsure, use review.

One of the coordinates of @, 7) .Follow through their a and b for this mark

b
ie one of (——,a)
5

@ 7] Aceeptasx=..y=..

Setstheir y =15-5x equalto —2x’ +5x> +4x—3 and collects terms to
achieve a cubic. Condone a miscopy of the cubic if the intentionis clear.

Attempts to find a quadratic factor (by division or equating coefficients).
Itis dependent on the previous method mark. For factorisation expect to
see (x+2)(2x” +.....+9) orviadivision (x=2)(2x +..x+...) Valid non-

calculatormethod must be seen, solutions which go directto a
“factorised” form with no intermediate quadratic factor seen score dMO.
Note they may use anotherlinear factorto divide through by, the scheme
applies the same way, but must be one of the correct factors.

2x* —9x+9 (orcorrect factor fortheirlinear term).

Attempts to solve their quadratic via a non-calculator method, leading to
avalueforx. Itis dependent on the previous two method marks. Valid
non-calculator method must be seen to award this mark.

Proceeds tofind both coordinates of @, accepting answers where the x
value was found via a calculator. Itis not dependent on the previous Ms
but must attempted an initial equation using the cubic and either branch,
set up to show what has been solved on the calculator. Correct answer
with no working at all seen will score no marks.

G %j (oee)only. AOif a second set of coordinates is given. Allow for

solutions where the cubic or quadratic was solved via calculator.
Allowlistedasx =...,y = .. andisw but must clear clearly seen as the correct
coordinates.



Attempts at squaring, use review if you are unsure how to score unsuccessful

NB

attempts.

If no quadratic factor or suitable method is seen to solve the cubic then
maximum of three mark is available, MIdMOAOddMOMIALT.

If the quadratic factoris reached but the quadratic is solved via calculator
amaximum of 5 marks may be scored, MIdMTIATddMOMITAL.
MOdMOAOddMOMIALlis also possible if they give the initial equation and
proceed to give the solutions without first gathering terms.
Anon-calculatorapproach must be shown for full marks.



OISSileN Scheme Marks

Number

9(a) 4sin@cos @ =2sin26 Bl
cos26
e.g. = 6sin’ @cot 20+ 2sin 260 = (3 -3 cos 26 +2sin26
9 ( ) sin26 MIAI
(3)
(b) 3cot20—14 = 6sin’ @ cot 26 + 4sinf cos O
e.g. = 3cot20sin 26 —14sin 260 = (3 —3cos 26) cos 26+ 2sin* 20
M
= —14sin 20 = -3(1-sin’ 26) +2sin’ 26 M]
5sin”*20+14sin20-3=0 * Al*
(3)
(c) : 1
2x=)— =...
(sm X )5 =X M_I
x =awrt5.8°, awrt84.2° AlA]
(3)
(2 marks)

(a)

BI: 4sin@cos @ =2sin 26 (seen orimplied)

M1.  Attemptstouse cos26 =+1+2sin* @ and cot20 = Cf)sjz or alternative

Sin
versions of these formulae to get to an expressionin just sin20 and cos26.
Otherroutes are possible, but any trig identities must be correctup to
sign errortoreach an expressionin justsin20 and cos26.

Al: (3-3cos20) Cf)sjz +2sin 26 or equivalent.isw once a correct expressionis

S
seen. Alternatives are possible here.

(b)

MI1:  Usestheirexpression from part (a) in the given equation and attempts to
multiply both sides by sin26. Alternatively they may rework part (a) againin
this part but must reach an expressionin terms of sin 20 and cos 26 only on
oneline.

M1:  Cancels 3cos268 fromboth sides, attempts to use +sin’® 26 + cos” 260 = +1
and proceedstoa 3TQin sin26 only (terms do not need to be collected
onthe same side)

AT*:  Achieves the given answer with no errors seen (including invisible

brackets).

(c)




MT:

Al:

Al:

Solves the quadratic (usual rules, accept calculatorusage) and attempts
touse arcsin find avalue forx. Acceptif radians used or they neglect to
divide by 2 aslong as avalue forxisreached. Condone use of 6
throughout this part.

One of awrt 5.8 orawrt 84.2 (provided sin2x = % or 2x=sin"" Gj isseen)

. . (1),
awrt 5.8, awrt84.2 (provided sm2x=% or 2x =sin ‘[gj isseen)and no others

inthe givenrange.
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1. Prove by contradiction that, if @ and b are real numbers, a > 0 and b > 0, then

9—a+ﬁ>12
b a

“4)
(Total for Question 1 is 4 marks)

2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

]
Use integration by parts to find the exact value of n—zxdx

I X

: : b :
Write your answer in the form a + —, where a and b are integers.

© (6)
(Total for Question 2 is 6 marks)

3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve C has equation
3 +6 y = %xy2

Find the exact value of % at the point on C with coordinates (2, 3). Give your answer

a+1Inb

in the form , where a and b are integers.

(7)
(Total for Question 3 is 7 marks)

2 P87436A
m |



1

4. (a) Use the binomial expansion, in ascending powers of x, of ﬁ to show that
(1-2x)

2+3x ~ 2+ 5x + 6x° ‘x‘<0.5

,/(1 - 2)6) (4)
(b) Substitute x = L into
20

2+ 3x

Ja = 2x)

to obtain an approximation to /10

=2+ 5x + 6x°

Give your answer as a fraction in its simplest form.

3)
(Total for Question 4 is 7 marks)

Figure 1
Figure 1 shows a right circular cylindrical rod which is expanding as it is heated.
At time ¢ seconds the radius of the rod is xcm and the length of the rod is 6xcm.

Given that the cross-sectional area of the rod is increasing at a constant rate of

2100m2 s ', find the rate of increase of the volume of the rod when x = 2

. . 3 -1 . .
Write your answer in the form kzcm™s = where £ is a rational number.

(6)
(Total for Question 5 is 6 marks)

P87436A 3
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Figure 2

Figure 2 shows a sketch of the curve with parametric equations

x=3sint y=2sin2¢ ogzgg
The finite region S, shown shaded in Figure 2, is bounded by the curve, the x-axis and

the line with the equation x = 5

The shaded region S is rotated through 2z radians about the x-axis to form a solid
of revolution.

(a) Show that the volume of the solid of revolution is given by

a
kI sin® zcos® ¢ dr

0

where k and a are constants to be given in terms of z.

(b) Use the substitution u = sint, or otherwise, to find the exact value of this volume,

giving your answer in the form PT here p and g are integers.
q

(Solutions relying entirely on calculator technology are not acceptable.)

C))

C))

(Total for Question 6 is 9 marks)

P87436A
m |



( )
7 E N S rtial fracti
. (a) Express d-n2-x in partial fractions.
(2)
The mass, x grams, of a substance at time ¢ seconds after a chemical reaction starts is
modelled by the differential equation
dx
E=k(4—x)(2—x) t>0 0<x<?2
where £ is a constant.
Given that when r=0,x =10
(b) solve the differential equation and show that the solution can be written as
YT gk
(Solutions relying on calculator technology are not acceptable.)
(6)
Given that £ = 0.1
(c) find the value of # when x = 1, giving your answer, in seconds, to
3 significant figures.
(2)
(Total for Question 7 is 10 marks)
. J
P87436A 5
|
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

BZ N

AV

Figure 3
Figure 3 shows a sketch of part of the curve with parametric equations
x=£+2t  y=£-9 teR
The curve cuts the x-axis at the origin and at the points 4 and B as shown in Figure 3.

(a) Find the coordinates of point 4 and show that point B has coordinates (15, 0).

3)
(b) Find the equation of the tangent to the curve at B, giving your answer in the form
ax + by + ¢ = 0, where a, b and c are integers.
“4)
The tangent to the curve at B cuts the curve again at point X.
(c) Use algebra to find the coordinates of X, showing each stage of your working.
(3

(Total for Question 8 is 12 marks)

6 P87436A
m |
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9. Relative to a fixed origin O, the line / has vector equation

-1 2
r=—4|+4 1
6 -1

where / is a scalar parameter.

Points 4 and B lie on the line /, where 4 has coordinates (1, a, 5) and B has coordinates
(ba _13 3)

(a) Find the value of the constant @ and the value of the constant b.

3)
. —>

(b) Find the vector AB

2
The point C has coordinates (4, -3, 2)
(c) Find the size of angle CAB.

3)
(d) Find the exact area of the triangle CAB.

(2)
The point D lies on the line / so that the area of the triangle CAD is twice the area of the
triangle CAB.
(e) Find the coordinates of the two possible positions of D.

C)

(Total for Question 9 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS

.
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Question 1

Write the answer to Question 1 on these 2 pages

R0 OO o
P 8 7 4 7 06 A 0 2 2 4



e )

Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 4 marks)

3
“mm NN 0 0 -
P 8 7 4 7 06 A 0 3 2 4 Turn over
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Question 2

Werite the answer to Question 2 on these 2 pages

R0 O o
P 8 7 4 7 06 A 0 4 2 4



e )

Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 6 marks)

5
“mm MDA 0 0 -
P 8 7 4 7 06 A 0 5 2 4 Turn over
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Question 3

Werite the answer to Question 3 on these 2 pages

R0 O O o
P 8 7 4 7 06 A 0 6 2 4



e )

Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.

(Total for Question 3 is 7 marks)

7

“mm MDA 000 -
P 8 7 4 7 06 A 0 7 2 4 Turn over
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Question 4

Werite the answer to Question 4 on these 2 pages

R0 O o
P 8 7 4 7 06 A 0 8 2 4



e )

Question 4 continued

This is the end of Question 4 answer space. Please turn the page for Question 5 answer space.

(Total for Question 4 is 7 marks)

9

“mm MDA 0O -
P 8 7 4 7 06 A 0 9 2 4 Turn over
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Question 5

Write the answer to Question 5 on these 2 pages

10

N0 O T T o
P 8 7 4 7 06 A 0 1 0 2 4



Question 5 continued

This is the end of Question 5 answer space. Please turn the page for Question 6 answer space.

(Total for Question 5 is 6 marks)

~ A\

J

1

“mm NN D O 20 -
P 8 7 4 7 06 A 0 1 1 2 4 Turn over
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Question 6

Werite the answer to Question 6 on these 2 pages

12

N0 O T 0 o
P 8 7 4 7 06 A 0 1 2 2 4



Question 6 continued

This is the end of Question 6 answer space. Please turn the page for Question 7 answer space.

(Total for Question 6 is 9 marks)

~ A\

J

13

“mm NN D A 20 -
P 8 7 4 7 06 A 0 1 3 2 4 Turn over
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Question 7

Write the answer to Question 7 on these 4 pages

14

N0 T o
P 8 7 4 7 0 A 0 1 4 2 4



Question 7 continued

15

Turn over »

8 7 4 7 0 A 0 1 5 2 4
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Question 7 continued

16

P 8 7 4 7 06 A 0 1 6 2 4
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Question 7 continued

This is the end of Question 7 answer space. Please turn the page for Question 8 answer space.

(Total for Question 7 is 10 marks)

~ A\

J

17

“mm NN D OO0 -
P 8 7 4 7 06 A 0 1 7 2 4 Turn over
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Question 8

Werite the answer to Question 8 on these 4 pages

18

N0 T 0 o
P 8 7 4 7 06 A 0 1 8 2 4



Question 8 continued

19

Turn over »

8 7 4 7 0 A 0 1 9 2 4

P

O]
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Question 8 continued

20

P 8 7 4 7 0 A 0 2 0 2 4

m |




Question 8 continued

This is the end of Question 8 answer space. Please turn the page for Question 9 answer space.

(Total for Question 8 is 12 marks)

~ A\

J

21

“mm NN T D O 20 -
P 8 7 4 7 06 A 0 2 1 2 4 Turn over
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Question 9

Werite the answer to Question 9 on these 3 pages

22

N0 T AP0 o
P 8 7 4 7 0 A 0 2 2 2 4



Question 9 continued

23

Turn over »

8 7 4 7 0 A 0 2 3 2 4

P

O]
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Question 9 continued

(Total for Question 9 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS

24

P 8 7 4 7 0 A 0 2 4 2 4

m |

J S



)Pearson

Mark Scheme (Results)

October 2025

International Advanced Level in Pure Mathematics P4

WMAI14/01A



Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications are awarded by Pearson, the UK'’s
largest awarding body. We provide a wide range of qualifications
including academic, vocational, occupational and specific
programmes for employers. For further information visit our
qualifications websites at www.edexcel.com or www.btec.co.uk.
Alternatively, you can get in touch with us using the details on our
contact us page at www.edexcel.com/contactus

Pearson: helping people progress, everywhere

Pearson aspires to be the world’s leading learning company. Our aim is to help
everyone progress in their lives through education. We believe in every kind of
learning, for all kinds of people, wherever they are in the world. We’ve been
involved in education for over 150 years, and by working across 70 countries, in
100 languages, we have built an international reputation for our commitment to
high standards andraisingachievement throughinnovationineducation. Find out
more about how we can help you and your students at: www.pearson.com/uk

October2025

Question PaperLog Number P87436A
Publication Code WMA14_01_2510_MS

All the material in this publicationis copyright
© Pearson Education Ltd


http://www.pearson.com/uk
http://www.edexcel.com/
http://www.btec.co.uk/
http://www.edexcel.com/contactus

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 eZktJrC ZCZkt ><eC ZAeZkt

(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
~ [nere may be more space than you need.

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

s

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 1)

B(5.-13) AN
—
S A

A(L-3.5) )

Jie

S C(4.-3,2)

\ -

* w7
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r

1. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of

(2+5x)7
giving each term in simplest form.
)
(b) State the range of values of x for which this expansion is valid.
ey
(c) Given that x is sufficiently small, find the values of a, b and ¢ such that
() wovterer
~a+bx+cx
2+ 5x
ey
\_
NV R T O S
P 7 8 8 5 1 A 0 2 2 8

e



Question 1 continued

(Total for Question 1 is 7 marks)
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Figure 1

Figure 1 shows a sketch of the curve C with equation

The region R, shown shaded in Figure 1, is bounded by C, the line with equation x = 2,
the x-axis and the line with equation x = 8

This region is then rotated through 27z radians about the x-axis to form a solid.

Use algebraic integration to find the exact volume of this solid.

©)

P 7 8 8 5 1 A 0 4 2 8

m |

) AN



Question 2 continued

(Total for Question 2 is 5 marks)
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A curve has parametric equations

t+15
X =
t+4

5
=" t>0
Y t+2

(a) Show that a Cartesian equation of the curve is y = g(x) where

ax+b
cx+d

gx) = e<x< f

and a, b, ¢, d, e and f are constants to be found.

C))

(b) State the range of g.
2

P 7 8 8 5 1 A 0 6 2 8

m |
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4. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has equation

4x* + y* — 2xy = 24x

d
(a) Find ld giving your answer in simplest form in terms of x and y.

dx
(5)
The point P lies on C.
Given that
+ the gradient of C at P is 2
* P has coordinates (a, b) where a > 0 and b > 0
(b) find the value of a and the value of b.
3)
10
00RO A A0 0 e
p 7 8 8 51 A 0 1 0 2 8
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Question 4 continued

12

p 7 8 8 5 1 A 0 1 2 2 8

m |




14 h

Question 4 continued

: (Total for Question 4 is 10 marks)
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. N
5. The line /| has equation
2 1
r=|-1(+41/4 where / is a scalar parameter
3 2
The line /, has equation
-1 2
r=| f|+ul -1 where f is a constant and y is a scalar parameter
6 7
Given that /, and /, intersect at the point P
(1) find the value of §
(i1) find the coordinates of P
(6)
\ J 7

NN T T OO o
P 7 8 8 51 A 0 1 4 2 8
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Question 5 continued
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In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Use the substitution u = 3 + cosé to show that

2 sin26

0 3 +cosd

where a and b are constants to be found.

df =av3 +b

)

P 7 8 8 51 A 0 1 6 2 8

m |
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Question 6 continued

: (Total for Question 6 is 7 marks)
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4

Figure 2
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 2 shows a sketch of a parallelogram ABCD.
Given that

_)
s AB=6i-2j+3k

ﬁ
* BC=-4i+3j-5k
 angleABC=0, 0<0<90°

(a) find the exact value of cos, giving your answer in simplest form.

(&)

(b) Show that the area of parallelogram ABCD is 5Jk , where k is an integer
to be found.
3)
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8.

A container initially contains 6 litres of water.
Water starts to flow into the container.

The rate at which the water flows into the container is modelled by the
differential equation

S =12¢e”’
dr

where V litres is the volume of water in the container, f minutes after water starts
flowing into the container.

(a) Solve the differential equation and use the initial condition to find an equation for V'
in terms of ¢

)
Given that the capacity of the container is 20 litres,

(b) determine, according to the model, whether or not the container will ever become
full, giving a reason for your answer.

¢y

)
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o In9 In15

Figure 3

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Figure 3 shows a sketch of the curve C with parametric equations

1
=1In(2¢+5 = — t> -1
x=In(2r+5) y p— >

A point P lies on C.
Given that the gradient of C at P is —4

(a) use calculus to find the exact y coordinate of P.

The region R, shown shaded in Figure 3, is bounded by C, the line with
equation x = In9, the x-axis and the line with equation x =1In15

(b) (i) Show that the area of R is given by

b
j k4
(1 +1)(2t +5)
where a, b and k are constants to be found.

(i) Hence, using algebraic integration, find the exact area of R.

: . 1 . .
Write your answer in the form 3 Ina, where a is a rational number.

(6)

(€))
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10. (a) Statement X: “If x” is an odd square number, then x is an odd number.”
A student was asked to prove Statement X using proof by contradiction.

The student begins by writing the following.

2 - .
Assume that x~ is an odd square number and x is an even number.

If x is an even number it can be expressed in the form x =2m m e N

Complete the proof.

(2)
(b) Use proof by contradiction to show that
“There are no integers a and b such that a° —4b =27"

You may assume Statement X without further justification.

4)
L
26
£ L S
P 7 8 8 51 A 0 2 6 2 8
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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 dorather than 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 fullmarks 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 hasreplacedit
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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

e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

e 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 J will be used for correct ft
e cao-correctansweronly

e Cso - correct solutiononly. There must be no errorsin this part of the
question to obtain this mark

e isw-ignore subsequent working

e awrt-answerswhichroundto

e SC-specialcase

e Oe-orequivalent(and appropriate)
e d..ordep-dependent

e indep -independent

e dp-decimalplaces



o sf-significantfigures
e 3k -Theansweris printed onthe paperorag- answer given

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

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

. Ifacandidate makes more than one attempt at any question:

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

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

Ignore wrong working or incorrect 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|pg| =|c] leadingtox= ..

(ax” +bx +¢) = (mx+ p)(nx +q), where|pq| =|d| and |mr| = |d| |eadingtox= ..
2.Formula

Attempt to use correct formula (with values fora, b and c)

3. Completing the square

Solving »* +bx+c=0: (x5 tgte, ¢#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 given

inrecent 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 use it, even if

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 inthe

working.



Exact answers
Examiners’ reports have emphasised that where, forexample, an exact answeris
asked for, orworking with surdsis clearly required, marks willnormally 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 happens in particular cases. General policy is that if it could
be done “inyour 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 yourteamleader foradvice.



?ﬂten‘smgzp Scheme Marks
1 (2+5x)°
-2
@ | (2+5x)° = %(1+%x} B
2 2 3
(1+§xj :l+(—2)x(§xj+wx(§xj +(_2)X(_3)X(_4)x(§xj MIAT
2 2 2 2 3! 2
(2+5x)_2:%—%x+%x2—12?5x3 ATA]
(5)
(b) |x|<= BT
Q)
2
() (2 45 j ~4-20x+75x oOr a=4,b=-20 and ¢c=75 Blft
+JX
(1
(7 marks)

(a) Note that BIMIAOA1AO is a possible mark trait

B1: Fortaking outacommon factor of i (or0.25oraccept 27*)so score for

1 _ _ . 1 .
Z(1+ch) *or 0.25(1+ kx) *. It cannot be forjust " onitsown

M1: Attempts the binomial expansion with index -2

Score for the correct binomial coefficient for the 3rd or 4th term with the correct

power of x

Look for %x(...x)z oeor (_2)X(_3)X(_4)x(...x)3 oe If no working is shown

3!

then the coefficient must be consistent with their k. Condone invisible or poor

bracketing forthis mark.

-2\ (-2
Do not allow notation such as ( . ),( 5 j unlessinterpreted correctly in further

work.




2
Al: Correctbinomial expansion for (1+%x} up to the 4th term. This may be left

unsimplified. May be implied by four correct terms. Isw if they subsequently
simplify incorrectly. Invisible brackets may be implied by further work.

Al. Three correct and simplified terms from %—%erExz —%f May be written as

16

decimal equivalentse.g. 0.25-1.25x+4.6875x —15.625x . May be seenasalist or

written on different lines. Condone —%xl for this mark.

1 5 5 125 . .
Al Z—Zx+Z—6x2 —?f oe Seenotesabove fordecimal equivalent forms. May be
seenas alist or written on different lines. Isw once the four correct terms are

seenunless they attempt to multiply by e.g. 16 Do not accept —%xl

Alt(a) Direct expansion

PR S ~2)(=3) (4 2 (2)(3)(4) (s s
(2£5x)7 =27 +(-2)(2 )(m)+%(2 )(5x) +%(2 )(5x) +...

Bl: For 272 oe seen as the constantterme.g. :%+...x+...

M1: Forthe correct 3rd or 4th term of the expansion. Condone missing brackets on
(£5x)* or (£5x)°

Al: Correct expansion up to the 4th term which may be left unsimplified. May be
implied by four correct terms. Isw if they subsequently simplify incorrectly.
Invisible brackets maybe implied by furtherwork.

Al: Asabovein mainscheme notes

Al: As abovein mainscheme notes



(b)

2 2 2 2 2). , o
B1: |x|<g oceeg —c<x<soreg -7 g isw once a correctinequality is seen.

2
Condone | x |< —g‘
(c)
2
B1ft: 4 ~4-20x+75% but follow throughon 16x" l—éerEx2 ".Mustbea
2+5x 4 4 16

three- termquadratic butignore any termsin x* orhigher.

May juststatee.g. a="4", b="-20", c="75"

They must all be values (not unevaluated expressions)



ClEsTon Scheme Marks
Number
@ 25m(x—1) 25m @
2 Volume:j ————(dx) oeeg. — x—1(dx) |BI
(2) 9 2)
2 2
- — 25 25
m| 2 ae=m 20 or () -2 vm
9 18 18 9
Volume =
8
257(x=1) | _[2528-1) 25x2-1) _200 MIAT
18 i 18 18 3
(5)
(5 marks)

B1: Correct expression for the volume ignoring limits

May seee.qg. %J‘ x—1(dx) orj 25Tm—zigﬁ(dx) May be unsimplified so

2

allow TEJ. (% x—lj (dx) Condone omission of dx. It cannot be scored if they

make errors before the integral expressionis written. = may appearlaterina
correctintegral orintegrand. Alternatively may use substitutione.g. u* = x-1 and

proceeding to nj (%Oafj (du) oe

M1: Correct attempt atintegrating (x—1). Look for A(x—1)> or Bx’ —Cx where A, B

and C are non zero constants (indices do not need to be processed for this
mark). Do not award this mark if this is only part of a sum of integrals. If using the
substitution u* = x—1thenlook for u* — u*

Al (m)

25(e-1) (n)(25x2 | 25x

oe (orusingthe substitution u* =x-1=
18 18 9

25,
—u o€
(Tf)lgu )

Ignore any reference to n which could even appearas 2x



M1:Uses the limits of 2 and 8 within their integrated expression of the form ...(x—1)* or

Al: 20

8

2
..x_ —..xand subtracts either way round. Allow {%] = (i)@ﬂ' to

3

2
score this mark but if theirintegrationisincorrect then we must see evidence of
using limits not just a final answer. May be partially evaluated which you may
needto check. Ignore the absence of n

If using the substitution u? = x—1 then they need to use the limits +/7 and1onan
expression of the form ... u*

Toﬂ' orexact equivalente.g. 66%7: .If they subtract the wrong way round to
: 200 , L
achieve —Tﬂ' they cannotignore the negative sign but must subsequently

200 .
statee.g.volume = T;z .Ignore units.



SUEEHel Scheme Marks
Number
3(a) x:t+15:>t=15—4x M
t+4 x—1
r+2 15—4x+2 M
x—1
__ s>
Y s ax+2(x-) dM1
5x-5 15
= 1 0 T
g(x) 32y <Xx 1 A1BI
(5)
5
(b) 0<g®)» 3 MI1AI
(2)
(7 marks)
(a)
MI: Attemptstogettintermsofxortintermsofy. FYI y=%:>t=§—2
+ y

. E
Look foranequationoftheform ¢ = A+ Bx oeor t=—+F oewhereA,B,
C+Dx y

C,DEF=0

If they gettinterms of xinone and tinterms of y in the other then justlook
forone of the equations to be of the required forms.

MI: Substitutes their tinterms of x (ory) in y (or x) however poorly manipulated
and proceeds to an equationlinking xand y. Condone slips substitutingin
provided theintentionis clear.

5 é—2+15 é+13

FYI: y= x=% =%
42 2 944 242

y y

Rearranging both equations to gettinterms of xinone and tinterms of y
inthe otherand  thenequating scores this mark. Condone y =...or

x=... tobeimpliedaslongasitis clearly theiry orx

ax+b

dM1: Proceedstoanequationoftheform y= which may be unsimplified.

cX +

5(x—l)
15—4x+2(x—1)
marks. There should be no fractions in the numerator ordenominator but
brackets do not need to be multiplied out. Condone slips provided they

eg.y= .Itis dependent on the previous two method



Al:

Bl:

achieved therequired form. Condone y =..tobeimpliedaslongasitis
clearly theiry

g(x) = 153x _25 0.e.Must be asingle fractioninthe correctforme.g.
— 22X
g(x)= 25_51); Condone y =... Note the fraction may not beinits lowest
x_
10x—-10
termse.g. g(x) =
9 80 = e

The y=... or g(x)=... canbe seenonan earlierline

1
Statesthevalues separately e=1, f =3.75. Accept 1< x,, TS oe (condone

l<x< % as thiswas givenin the question

(b)

M1:

Al:

Onecorrectend. e.g. g(x),, % oe.Donotbe concernedoverthe

inequality being strict or inclusive.

0<g(x),, %o.e. Condoneuseofyorgbutnotx e.g. 0<y,, % and

alternative equivalent notation
e.g. (O, %} 0<g(x), %...g(x) 0<g(x)m %...g(x) or 0<g(x)AND %...g(x) but

donot accept “OR” oruse of U

Specialcase: 0< x,, % oe score M1AO



QUISHLET Scheme Marks
Number
4 (a) Attempt at chainrule y2 —)...y% Ml
d
Attempt at productrule 2xy—>axay+ﬂy Ml
Correct differentiation 8x+2y%—2y—2x%=24 oe Al
Collectstermsin (2y—2x)% = 24-8x+2y M1
(d_y :j 12—-4x+y oe Al
dx y—Xx
(5)
(b) Sets 12_4—x+y=2:>y=12—2x0rx=6—ly M1
y—Xx 2
Substitute y=12-2xor x= 6—%)} into 4x” +y’ —2xy =24x dM1
x*—8x+12=0 oe or y* -8y =0 Al
Solves x=6,y=00rx=2,y=8 ddM1
Chooses a(x)=2,b(y)=8o0rstates (2,8) only Al
(5)
(10
marks)
PSR
(a) Allow use of ' for ™
MI: Attemptatchainrule * — y% where ... is a constant
MI: Attemptat productrule  2xp —)ax%+,8y where a, S ...are non-zero
constants.
Condone —2xy—>iax%iﬁy
Al: Correct differentiation 8x+2y%—2y—2x% =24 oe
MI: Collects theirtwo different termsin % which must have come from

differentiating y* and 2xy (however poorly the differentiation was carried

out) on one side of the equation

otherside proceeding to (...i...)%: ............ .Maybe

correct answer.

with the remaining terms on the

implied by a




Al:

lgnore a spurious % e.g.onthelefthandside aslongasitis notincluded

inthe collecting of terms.

(d—y =j 1274545 e including (d—y =j 27y712 Mustbein simplest
dx y—Xx dx X—y

formand seenin(a)

(b) May work in terms of a and b which is acceptable

MT:

Setstheir % = 2 andproceedstoalinearequationinxandy. May be

unsimplified. Alternatively, substitutesin % =2 intothe given

equation 8x+2yx2—2y—2xx2=24 (=>4x+2y=24)

dMI1:  Substitutestheirlinearequationinxandyinthe equationfor Cand

Al:

proceeds to a quadratic equationinxory. Do notbe concernedbythe
mechanics of theirrearrangement. Terms should be collected but all
terms do not need to be on the same side of the equation. (if all on

one side then = O must be seen or may be implied by furtherwork). It is
dependent onthe previous method mark.

Correct quadraticinxory. x> —8x+12=0 oe or > -8y =0 oe terms

should be collected but all terms do not need to be on the same side of
the equation. (if all on one side then = O may be implied by further work)

ddMI: Solvestheirquadraticinxoryand proceeds to a pair of coordinates forP.

Al:

Allow any valid method (usual rules apply). If via a calculator to find x then
they must have rearrangedtoa three term quadratic with allterms onone
side. Youmay need to check theirroots are correct for their quadratic. Itis
dependent on both of the previous method marks.

Note when finding a value for b they may substitute into C resultingin
false solutions.

eg (”6", HOH)’ ("6", "6") or (uzn’ "8"), (n2u’ n_4n) Wh|Ch |S acceptable for
this mark.

P(2,8) only but allow other forms such as a =2, =8. Condone if labelled
asxandy.

If they find the coordinates (6,0) then they must clearly identify (2, 8) as
theirchosen answer.



?\lﬂ?gzp Scheme Marks
5. (i) Attemptstosolve 2+A=—1+2x and 3+2A=6+7u MT
Correctsolution A =-9, u=-3 Al
Substitutestheir A =-9, u=-3 into -1+4r= f—u daM1
p=-40 Al
2 1
(i) E.g. Substitutestheir A =—9intor=| -1 |+A| 4 aM1
3 2
(-7,-37,-15) Al
(6)
(6 marks)
()
Ml:  Attemptstowrite down and solve equations (1) and (3) to find the

Al:

dMT:

Al:

(ii)

dMT:

value of either A or u

Do not be concerned by the mechanics of the rearrangement in solving.
May beimpliedby A=-9 or u=-3.

Correct solutionforboth A =-9, y=-3

Substitutes theirvalues for A and u into equation(2) and solvesto find a
value for g

Do not be concerned by the mechanics of the rearrangement in solving. It
is dependent on the previous method mark.

p=-40
2 1
Scoredforeither substitutingtheir A =—9 intor=| -1 |+A| 4| or
3 2
-1 2
substituting their u=-3 and f=-40intor=| B|+u|-1|and
6 7

proceeding to find coordinates for P. Do not allow this mark to be scored
if they then do some further manipulation.




Al:

Itis dependent uponthe attemptto find either A orboth of xzand g .May
be implied by 2 correct coordinates fortheir A orbothof xand g.

=7
(-7,-37,-15) orpositionvectore.g. -7i-37j-15k or| 37 | condone

-15
(=7i,—37j,—-15Kk)
Allow x=-7, y=-37, z=-15 orcondone -7,-37,—-15. Do notiswif they
calculate two different sets of coordinates using ¢ and g forone and
then A forthe otherunless they select the correct answer.



e Scheme Marks
Number
6 u= 3+cos€:>d—=—sm6? =]
sin26 2(u—3)
d
«¢3+c0s ﬁ ! MIAT
é l
:——u +12u dMI1Al
3
Uses limits of 3 and 4 within their attempted integration ddM1
40
=83 - Al
(7 marks)

Condone the omission of duto be implied
BT: Statesoruses % =—sin# 0.e.This may be seen within the integrand. Note

that BO willmean that no A marks will be scored.

MI: Simplifies %d@toafunctioninterms of uusing
. the double angle formula for sin 20 Allow/condone
sin 26 = k'sin@cos &
. the given substitution condoning cos@=+3+u
. %=isin0
. Ju inthe denominator

(*u+3)
Ju

integralis of the required form. Condone d6 fordu as a slip for this mark.
Condone k=+lI

Expecttoseeaform j k (du) oe condone missing du provided the

2(u-3
Al: J' —M (du) from correct work. Ignore limits for this mark but allow

7

4
2(u-3
J (1 )(du)iftheIimitsarewrittenontheintegral(3and4)andarethe
3

Ju

opposite way round. Condone missing du but do not allow do



Do not withhold this mark once a correct expressionis seen from correct work.

dMT:

Al:

ddM1:

Al:

3 1
Integratesto aform au? + pu? . Itis dependent on the previous method

mark.

. . 4 2 > - 4 5.
Correctintegration, —guz +12u? oelgnore limits but allow e.g. guz —12u?if

the limits (3 and 4) are the opposite way round- send to review if unsure.
May have a constant of integration. All previous marks should have been
scored condoning only d6 instead of du as a slip on their integral
expression.

Useslimits of 3and 4 (or alternative O and g if substituted u =3+cos0)and

subtracts either way round within their attempted integration. The
expressionis sufficient. We must see some evidence of the use of limits
for this mark. May be partially evaluated but cannot just be the final
answer. ltis dependent on both of the previous method marks.

24J§3—40 as

8\/3—? provided all previous marks scored. Do not accept

thisisnotinthe required form.



Question

Number Scheme Marks
—6) (4
7.(a) | Attempts BAOBC | 2|e| 3|=24+6+15=45 M1
-3 -5
Attempts to apply aeb =a[b|cos @ = 45=7x+/50cos§ | dMI
cosd = ﬂ oe Al
14
(3)
2
(b) | Attempts sin0 = 1-[%} M
Attempts to apply |a||b|sin0:7x\/5x% M1
Area ABCD = 5417 Al
(3)
(6 marks)
(a)
6 4
M1:  Attempts BAe BC .Lookfor +| -2 |e+| — 3|=+24+6+15 The expressionis
3 5

sufficient but may be implied by +45. Condone slips but atleast two
products should be correct.

dM1: Uses aeb =al|b|cos & with either of |a| or |b|found using a correct method.

Either length may be implied by "\49" oe or "\/50" oe. Itis dependent on
the previous method mark.

2
Al: cos9=%o.e such as cos¢9:i Must be exact

72
Note that cos9=—% or cos«9=¥from aeb=-45is MIdM1A0O

Alt (a) using the cosine rule
M1:  Attemptstofind |4C|, |4B| and |BC]| (or |AC|2, |AB|2 and @2) using a

correct method with at least two lengths correct. May be seen within the
cosine rule formula.

dM1: Usesthe cosinerule toformacorrect equation using theirlengthsin the
correct positions. Itis dependent on the previous method mark.



7% +(542)* =32

e.g. cosO=
2(7)(5v2)
Al: cos¢9=&o.esuchas cos@zi
14 7\/5

(b) Notethatfindinge.g.cos BAC (= %) in () can stilllead to fullmarksin
(b)

Ml:  Attemptsto find the exact value of sind examplesinclude:

Ners

2
e uUSiNg sin@ = 1—{"%"} oe May beimplied by their VS orexact

equivalent or score fora correct expression for sin @ with their cos 8 = %
substituted. Condone invisible brackets.

e drawing aright-angled triangle to find the opposite side and then using
opp

hyp

sin0 =

If an exact expressionis not seen somewhere in their solution then
MOMOADO but allow a candidate to write exact values but then use decimals
inintermediate working provide exact values are recovered before the final
answer.

Donotaccept sinf = sin(cos_l ("%"D for this mark.

Ml:  Attemptstoapply |a||b|sin@.The expressionis sufficient. Look fore.g.
14
Condone "7"x"/50 " sin[cos_l ("%"D for this mark or
RANS \/%"x sin (awrt 24.6)

Note there are other methods to find the area. Send to review if you see
something that you thinkis credit worthy.

AT 5\/ﬁfollowing an exact value for sin# seen, both previous method marks

9\2

scoredand cosé = i? o.e. (unitsnotrequired)



Note: There are other valid methods which if seen then send to review:

Heron’s formula

7+5J2+3 5«/5}
s = =5+ 5

. = A=2s(s=T)(s=5y2)(s-3) =517

Cross producte.g.
i j k
6 2 3| =|-i—18j—10K|=/(-1)* + (~18)> +(~10)* =517
4 3 -5




Question

Number Scheme Marks
8(a)
J‘tet dt =—te '+ J-et de,= —te ¢ M1dM1
d—lt/:lzze’ =V =—12te —12¢ +c Al
t=0V=6=26=0-124+c=c=... M1
V=18—-12te —12¢ Al
(5)
(b) No, because e.g. upperlimit of volume is 18 (litres) B1ft
Q)

K

(@) Note that differentiating using the product rule scores O marks

M1.  Usesintegration by parts to achieve jtet dt=are iﬁjet (d¢) where

a, B=0 butmay beequaltoeachother (youdonotneedtobe

concerned about how they arrive at this) May

work.

dM1: Usesacorrect methodtointegrate an expression of the form

J‘tet (df)=ate *ye wherep,y#0.Itisdependent on the previous

method mark.

Al:  Solvesthe differential equation with or without a constant of integration

e.g. C;—It/:lztet :>V=—12te7t—12e7t(+c) o.e. May be writteninan

equivalentforme.g. ..V = ...(te_t +e_t)(+c)

Watch out forthe DImethod

D |
+ 12t e’
— 12 ~_| —e’
+ 0 e e’

be implied by further




Givingc:orrec:'cin'cegratione.g.J‘te dr=—12te —12e

MT:

Al:

(b)

BIft:

Etherstates r =0,V =6 and states avalue for c oruses the initial conditions

fortheirintegral to find the value of ¢c. You do not need to be concerned
by the mechanics of the rearrangement. Whilst not dependent on the
earliermethod marks, there must have been some attempt to solve the
differential equation however poor (but not clearly differentiation)

May alternatively substitute inlimits Vand 6 and t and O onto each side of
theirintegrated expression so the constant of integrationis within the
calculation.

vV =18-12t¢ —12¢ oe Condoneif seenin (b)

No, because upperlimit of volume is 18 (litres) oe Ft on their

v ="18"— Ate —Be
where A,B>0

May set IV =20 and show that the equation cannot be solved.
e.g. 2=12¢ '(t+1) and explainsthat ¢ >0 and 7+1> 0 so cannot be

negative
If their "18" > 20 thenthey need to conclude yes with areason.



Slesen Scheme Marks
Number
dy -1 dx_ 2 j(d_y:j_ 2145
2@ Ty @ 2es \ax ) o(r) MIAI
2t+5 2
Sets — =—4=8" +14t+3=0
2(”1)2 MIAI
= (4+1) (20 +3) =02 1= 1= (r=) 5 dMIAT
(6)
(b)) |a=2b=5 BI
5 5
prea= | yFar=| a2 w-| —2 @ | MIAT
dr t+1 2t+5 (1+1)(2¢+5)
2 2
2 A B
ii = + = A=..,B=
(W) (r+1)(20+5)  (1+1) (2+5) M
2 4
B 5 R
t+1) (2t+5)
/ / dr== 1n|t+1|—31n|2t+5| MIATft
J (1) (20+5) 3
@5
;dt:(—ln6—zln15j—(zln3—zln9j
J, (1+1)(21+5) 3 3 3 3
dMI1A1
2. (6 1 36
=—In| = |==In| —
3 5 3 \25
(9)
(15 marks)
(a)

M1:  Attemptstofind % by dividing their (;—); by their % .Bothmustbe

attempts at differentiation, howeverpoor. Do notallowe.g.

L—)...ln(2t+5) as thisis clearly integration.
2t+5
. dy 2t+5 . . o . :
AT —=|- - which may be unsimplified and may be implied by further
dx 2(t+1)
work
. 2t+5 .
Ml.  Setstheir "- 2 1) "=14 andproceedstoa3TQint. Donotbe
t+1

concerned by the mechanics of the rearrangement.




Al:

dMT:

Al:

8t +14t+3=0 o.e. eg.t +%t+% =0 The =0 may beimplied by further

work if thethree  terms are onthe same side of the equation.

Dependent uponboth previous M's, score for solving their 3TQ AND
finding avalue fory. Allow any valid attempt to solving the quadratic
including via a calculator. Youmayneedto checkthisifjustavaluefort
is stated. Condone a y value being found from avalue of t such that
t<—1.

(y =) % oe only (ignore the x coordinate if found)

See altbelow - send toreview if unsure

2 d —2¢"
9(@a) | v= SO . M1A1
e -3 dx  (e"-3)
_2ex 2 X
Sets s=—4=2(e¢") -13¢" +18=0=0 M1A1
(e"-3)
:>(2e*—9)(e*—2)=o:>e*=%:>t:—i:>y=§ dMIA]
(6)
(b)(i)
Bl: Correctvaluesforaandb. Mustbe correctly paired orindicated onthe

MT:

integral. If there is a contradiction between the two then the values on the
integral sign take precedence.

Forattempting y%with their dx inthe form where kis a constant.

dt 2t+5
Must see either the general expression y% stated orwrittenase.qg.

1
t+1 2¢t+5

oe. There needs to be anintermediate stage of working before

writing ————
9 (t41)(2t+5)




b

It cannot be implied by j WZS) dr
+ +

a

Al: AreaR-= d¢ with or without correct values foraand b. The dt

b
2
J: (t+1)(2t+5)
only needs to be presentin the final answer. Allow if seen at the start of
(b)(ii). Allow slips inworking to be recovered provided it is before the final
answer. This mark cannot be scored without the previous M mark being
scoredi.e. we needto see anintermediate stage of working.

Note allow dr only if theirlimits are clearly stated as being

[ e
C(t+1)(2t+5)

the otherway round.

(b)(ii)

Ml: Attemptstowrite k as A + B
' (t+1)(2t+5)  (¢+1) (2¢+5)

correctvalueforAorB(butnote.g. 4=1, B=1 without avalid method seen)

.May beimplied by a

May have taken a factor outside of the integral.

ATl: 2 / /

(r+1)(2t+5) (t+1) (2t+5

o %

t+1) (2t+5)

fractions written orimplied by theirintegration.

.May have taken a factor outside of the

integral so allow e.g.

oetoscore. Must see the partial

M1: Correctattempt atintegration. Look for +aln| #+1|+pBIn| 27+ 5| oe where

o, B #0 They must have separated into partial fractions first. Condone

bracketsinstead of moduliand condone the omission of brackets to be
implied by further work. Allow this mark to be scored if they miscopy their
partial fractions (e.g. a sign slip or a coefficient slip) so they will still
integrate to a similar form.



Alft:

dMT:

Al:

J. (/ / dt-—ln|t+1|—zln|2t+5|oesoallow

t+1) (2t+5)
l1n| t+1 |——1n| 21+ 5| oe but ft ontheir Aand B. May have taken a factor of

2 outside of the integral. Condone bracketsinstead of moduliandinvisible
brackets to be implied by further work. Ignore any constant of integration if

present.

Attempts to use theirlimits and subtract either way round. They must use at
least one law to combine at least two terms. They cannot proceed directly
to the final answer. It is dependent on the previous method mark.

llnﬁﬁ) o.e.intherequired form %ma where ais arational number. Do not

3

1. (6Y
accept —In| —
>3 (SJ



Question

Scheme Marks
Number
10 (a) Requires a minimum of
o ¥ = (2m)2 :4m2 B1
e whichisevenso contradiction, so proven dBl
(2)
(b) e.g. ' —4b=27=a’ =27+4b whichis odd M1
e.g.lf a’is odd then ais odd and can be writtenin the
form a=2m+1 Al
e.9. (2m+1) =27+4b=b~=... dM1
Requires a full explanation and conclusione.g.
. b:m2+m—gwhichis notaninteger AT*
e socontradiction, henceproven *
(4)
(6
marks)

(a)
B1:

dBT:

(b)

MT:

Al:

dMT:

Statesthat x* =dm’

Dependent on the previous B mark. Explains or concludes that 4m’ is even
(orcondonenot odd)and eitherstates contradiction/so proven or
rewrites statement X (condone omission of some of the words provided
the general conclusionis clear). Do not allow if the contradictionis not
based onthe assumptionthat x* isodd and 4m” is even.

Note that there many ways of showing this - send to review if you think
it might be credit worthy

a’ —4b=27=a" =27+4b oe with anindication that this is odd. Allow
writinginthe form 2(2b+13)+1 toimply this.

States a’is odd (thenais odd)andwritesinthe form a=2m+1

Attempts (2m+1)° =27+4b andrearrangesto b=... or 2b=...oraform

. 1
where a contradiction can be deduced such as m? + m = b+?3 where m?

and mwillboth beintegers but » +% isnot. Itisdependentonthe




previous method mark. Expect to see the brackets multiplied out and
terms collected condoning slips.

Al*: csorequires acorrect statement showing that thereis a contradiction
with a conclusion
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1. A medical researcher is studying the relationship between age (x years) and volume of
blood (yml) pumped by each contraction of the heart.

The researcher obtained the following data from a random sample of 8 patients.
Age (x) | 20 | 25 | 30 | 45 | 55 | 60 | 65 | 70
Volume (y) | 74 | 76 | 77 | 72 | 68 | 67 | 64 | 62
[Youmay use 2 x =370, S =2587.5 2y =560, > % =39418, S,, =-710]
(a) Calculate Syy

(2)
(b) Calculate the product moment correlation coefficient for these data.
(2)
(c) Interpret your value of the correlation coefficient.
(1)
The researcher believes that a linear regression model may be appropriate to describe
these data.
(d) State, giving a reason, whether or not your value of the correlation coefficient
supports the researcher’s belief.
(1)
(e) Find the equation of the regression line of y on x, giving your answer in the
formy=a + bx
“4)
Jack is a 40-year-old patient.
(f) (1) Use your regression line to estimate the volume of blood pumped by each
contraction of Jack’s heart.
(11) Comment, giving a reason, on the reliability of your estimate.
(2)

(Total for Question 1 is 12 marks)

2 P87446A
m |
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(a) Write down the value of d

2. The discrete random variable X has probability function p (x) and cumulative
distribution function F (x) given in the table below.

x 1 2 3 4 5
p(x) 0.10 a 0.28 c 0.24
F(x) 0.10 0.26 b 0.76 d

(b) Find the values of @, b and ¢

(c) Write down the value of P(X > 4)

Two independent observations, X, and X, are taken from the distribution of X.

(d) Find the probability that X, and X are both odd.

Given that X and X are both odd,

(e) find the probability that the sum of X and X is 6
Give your answer to 3 significant figures.

0y

(®))

M

(2)

3)
(Total for Question 2 is 10 marks)

. J
P87446A 3
([ Turn over »



. Two youth clubs, Eastyou and Westyou, decided to raise money for charity by running a
5km race.

All the members of the youth clubs took part and the time, in minutes, taken for each
member to run the 5km was recorded.

The times for the Westyou members are summarised in Figure 1.

Westyou | ! *

18 20 22 24 26 28 30 32 34 36 38 40 42
Time (minutes)
Figure 1

(a) Write down the time that is exceeded by 75% of Westyou members.
(1)

The times for the Eastyou members are summarised by the stem and leaf
diagram below.

Steam | Leaf Key: 2| 0 means 20 minutes

210234 (4)
2/56888909 (7)
3/00000111222234 (14)

3/55579 (5)
(b) Find the value of the median and interquartile range for the Eastyou members.
3)
An outlier is a value that falls either
more than 1.5 X (Q, — Q,) above Q,
or more than 1.5 X (Q, — Q,) below Q,

(c) On the grid on page 11 of the Answer Book, draw a box plot to represent the times
of the Eastyou members.

C))

(d) State the skewness of each distribution. Give reasons for your answers.

3)
(Total for Question 3 is 11 marks)

P87446A
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4. At aschool athletics day, the distances, in metres, achieved by students in the long jump
are modelled by the normal distribution with mean 3.3 m and standard deviation 0.6 m

(a) Using standardisation, find an estimate for the proportion of students who jump less
than 2.5m

2
The long jump competition consists of 2 jumps.

All the students can take part in the first jump and the 40% who jump the greatest
distance in their first jump qualify for the second jump.

(b) Using standardisation, find an estimate for the minimum distance achieved in the
first jump in order to qualify for the second jump.
Give your answer correct to 4 significant figures.

3

(c) Find an estimate for the median distance achieved in the first jump by those who
qualify for the second jump.
Show your working clearly.

3

The distance of the second jump is independent of the distance of the first jump and is
modelled with the same normal distribution.

Students who jump a distance greater than 4.1 m in their second jump receive
a certificate.

At the start of the long jump competition, a student is selected at random.

(d) Find the probability that this student will receive a certificate.
3)

(Total for Question 4 is 11 marks)

P87446A 5
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5. A bag contains 19 red beads and 1 blue bead only.

Linda selects a bead at random from the bag. She notes its colour and replaces the bead
in the bag.

She then selects a second bead at random from the bag and notes its colour.
Find the probability that

(a) both beads selected are blue,

(1)
(b) exactly one bead selected is red.

2
In another bag there are 9 beads, 4 of which are green and the rest are yellow.
Linda selects 3 beads from this bag at random without replacement.
(c) Find the probability that 2 of these beads are yellow and 1 is green.

3
Linda replaces the 3 beads and then selects another 4 at random without replacement.
(d) Find the probability that at least 1 of the beads is green.

3

(Total for Question 5 is 9 marks)

6 P87446A
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6. The discrete random variable X has probability distribution

X -4 -3 1 2 5

P(X=x) a b a b 0.2

(a) Find E(X) in terms of a and b

1)
For this probability distribution, Var (X) = E (X°)
(b) (i) Write down the value of E(X)
(i1) Find the value of a and the value of b
3
(c) Find Var(1 —3X)
3)
Given that Y =1 — X, find
(d) ) P(Y<0)
(i1) the largest possible value of k such that P(Y < k) = 0.2
“)

(Total for Question 6 is 13 marks)

\. J
P87446A 7
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7. Yujie is investigating the weights of 10 young rabbits. She records the weight, x grams,
of each rabbit and the results are summarised below.

> x = 8360 and  Y(x—X)> = 63840

(a) Calculate the mean and the standard deviation of the weights of these rabbits.

3)
Given that the median weight of these rabbits is 815 grams,
(b) describe, giving a reason, the skewness of these data.

(2)
Two more rabbits weighing 776 grams and 896 grams are added to make a group of
12 rabbits.
(c) State, giving a reason, how the inclusion of these two rabbits would affect the mean.

(2)
(d) By considering the change in Y(x — X)?, state what effect the inclusion of these two

rabbits would have on the standard deviation.
(2)

(Total for Question 7 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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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 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 Thereisno ceiling onachievement. Allmarks on the 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’sresponse is 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 Crossedoutworkshould be marked UNLESS the candidate hasreplaced it
with an alternative response.

General Instructions for Marking



1. Thetotalnumberof marks forthe paperis75.
2. The Edexcel Mathematics mark schemes use the following types of marks:

e Mmarks: method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

e B marksare 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 appearin
the mark schemes.

bod - benefit of doubt

ft - follow through

the symbol f will be used for correct ft

cao - correctanswer only

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

isw - ignore subsequent working

awrt - answers which round to

SC:specialcase

oe - orequivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

%k Theansweris printed onthe paper

[ Thesecondmarkis dependent on gaining the first mark

4. AllAmarks are ‘correct answer only’ (cao.), unless shown, forexample, as
Alfttoindicate that previous wrong workingis to be followed through.
After a misread however, the subsequent A marks affected are treated as
Aft, but manifestly absurd answers should never be awarded A marks.

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

6. If a candidate makes more than one attempt at any question:
. If all but one attempt is crossed out, mark the attempt whichis NOT
crossed out.
. If either all attempts are crossed out or none are crossed out, mark

allthe attempts and score the highest single attempt.

7. Ignore wrong working orincorrect statements following a correct answer



OISSHIen Scheme Marks
Number
2
@ | s, =39418- 22 M1
=218 Al
(2)
O | =l M1
J"218"x2587.5
= —0.945344... awrt -0.945 Al
(2)
(c) As age increases, volume/blood [pumped] decreases (0.e.) Bl
(1)
(d) Yesasriscloseto-1(ifr<=0.5)orYesasriscloseto1(ifr>0.5) B1ft
[If =0.5<r<0.5 allow “nosinceriscloseto 0”]
(1)
(e) _ 1Y 927430.. (allow 2) awrt -0.27 MIAT
2587.5 103
a:@—"b"xﬂh 82.690...] M1
8 8
y=82.7-0.274x Al
(4)
(f)(i) [y=82.7-0.274 x40 =] 71.74.. awrt 72 Blft
(i) Should bereliable since interpolation (o.e.) Bl
(2)
AT Total 12
(a) M1 | ForacorrectexpressionforS,, May beimplied by 218
Al | 218 (Condone 218.0)
forattempt at correct formula. Musthave their S, andgivenS_ , S  inthe
(b) M1 | correct places. Condone missing - sign awrt - 0.945 scores M1ATbut award
MI1AQO for awrt -0.95 with no expression seen
Al | Awrt-0.945
(c) B1 Must mention “age” and “volume/blood” No ft
Acorrect statement with a correct reason ft their r (provided that |r| <1)Allow
(d) BIft ‘my value /it’s’ toimplyr. ‘pointslie close to aline’is BO since thereisno
evidence of this
Foracorrect expressionforb Condone missing - sign May be implied by awrt -
(e) M1 )
0.27 oran exact fraction
Al | Awrt -0.27 Allow an exact fraction
M1 | Foracorrect methodtofinda Fttheirvalue of b May be implied by awrt 82.7
Al Foracorrect equationforyandxwitha=awrt82.7and b =awrt-0.274 No
fractions. Both values must be 3 sf orbetter
(f)() B1ft | Awrt 72 ft theirregressionline
Foracomment that suggests thatitis reliable since 40 is within the range of the
(i) Bl data orinterpolation e.g. Reliable since 40 is close to x /46.25 Do not allow
Reliable since awrt 72 is within the range of the data oe Condone extra non-
relevant comments




Question Scheme Mark
Number S
2(a) 1 Bl
(1)
b=0.26+0.28 or‘a’ + c=0.76-b’
(b) ]a=026-01 0.380r0.76 - ‘c’ or1-(0.62+°a) M
a=0.16 b=0.54 c=0.22 AlAl
(3)
(c) 0.24 Bl
(1)
(d) P(Xisanoddnumber)=0.1+0.28 + 0.24=0.62
P(X;and X; are bothodd) = 0.622 or M1
0.1 +0.28% +0.24” +2x0.1x0.28+2x0.1x 0.24+2x 0.24x 0.28
=0.3844 awrt 0.384 Al
(2)
© [POG+ X2 = 6 | both are odd) =] P(X,+ X, =6 X, and X, are odd) M
P(X, and X, are odd)
0.1x0.24+0.28x0.28+0.24%x0.1 0.1264
= = Alft
T "
=0.32882.... awrt 0.329 Al
(3)
Total
Notes 10
(a) B1 Cao
b) M1 Forany correct galculation(may pe implied blylone correct answer) ft their values
fora, b orc provided these resultin a probability
Al Forone correctvalue
Al Forall 3 correct answers
(c) B1 Cao
- M Foracomplete correct expression ft theirvaluesforaandc e.g.(1-(‘a’ +‘c’))?

May be implied by awrt 0.384 or %L

2500
Al | Awrt0.384 or -2

M1 P(sum = 6 N odd)
e.g. oe
P(0dd)
Do not allow P(X;+ X> = 6 | both are odd) on its own

Fora correct conditional probability expression may be implied by a correct
numerator awrt 0.126 or = and a denominator ft part d. May be stated in words

Alft ,
theirpartd

Fora correct numerator (may be implied by awrt 0.126 or % )and denominator ft

Al Awrt 0.329 or 3¢

961




OISSHIen Scheme Marks
Number
3(a) 29 B1
(1)
(b) Median = 30 Bl
IQR=32-28 M1
=4 Al
(3)
(c) 32'+1.5(°4')="38" and ‘28’ -1.5(‘4") =22’ M1
| | Bl
* | 8 St BIft
1|8 2[0 2]2 2|4 2|6 2r8 310 3]2 3|4 3I6 3r8 410 4|2 A]
(4)
(d) Westyou: [Q, -0, =3, O, -0, =1 or (O, - 0) > (0, —O,)]= -velskew] | B1BIft
Eastyou:[Q, -0, =2, O, -0, =2 or (O, - Q) =(0; —0,)]=No skew Bift
(3)
Notes Total 11
(a) B1 Allow 28.9
(b) B1 Cao (Condone no label, butincorrect labelis BO) Must be seeninpartb
M1 ForUQ - LQ (atleast one correct)
Al Cao (Must bein part (b)) Allow 4 with no working shown, but do not allow 4 from
incorrect working
© M Sightof "32"+1.5("4") or “38” or "28"—1.5("4")or “22" ft their UQ and LQ. May be
implied by a fully correct box plot with both outliers plotted
B1 Box with 2 whiskers (Must be one either side of the box)
Lower whisker plotted at 22 (allow their 22 or the next biggest number if more than
outlieridentified orallow 20 if no outlieridentified), LQ plotted at their 28, Median
BIft plojtted at the.irSO, UQ plotted at their32 and Upper.wh.iskerlpllotted at37 (aIIlow
their 38 or their next smallest value if more than 1outlieridentified or allow 39 if no
outlieridentified)
NB We only ft their 28 and their 32 if stated/shownin partb
Al 2 outliers plotted at 20 and 39 and no extras
NB If no scale given then the maximum this may score is MIBIBOAO
Westyou negative [skew] Must be clearindication thatitis associated with
(d) B1
Westyoue.gW
Eastyou no skew/zero skew oe Condone symmetrical/symmetric. Must be clear
indication thatitis associated with Eastyou e.g. E Do not allow even skew or
B1ft o
normal/normally distributed etc
ft theirbox plot
Justification for both of the given statements oruse of the box plotin their
B1ft | explanation This markisindependent of the given statements ft theirbox plot Do

not allow contradictory justifications

NB SCif only one comment is made then assume itis about Eastyou and BOB1BO is
possible




Question

Number Scheme Marks
, 2.5-33
4(a) [LetJ=thelengthofajump] P(J<2.5)= P(Z< Y j M1
[=P(Z< -1.333..) =1-0.9082]=0.0912t0 0.0918 Al
(2)
(b) [P(J >d)=04=] %:0.2533 or 279 _ 02533 MIAT
d=3.45198 awrt 3.452 Al
(3)
© |[PUsmlIsd)=] V> o5 or PU>m)=0.2 M1
m=33 _ 8416 or 22 — 08416 M1
m=3.80496 (calc 3.80497..) awrt 3.8[0] Al
(3)
(d) P(J>4.1)=0.0918 (same as(a)) Bift
So P(certificate) = 0.4x”(a)” M1
=0.036t00.037 Al
(3)
Notes Total 11
For standardising with 2.5, 3.3and 0.6 Allow + and ignore inequality Must
(a) M1 o
show the standardisation
Al Forananswerintherange 0.0912t0 0.0918 NB calc gives 0.09121128...
(b) M1 For standardising with d (allow any letterford), 3.3 and 0.6 and setting equal
tozwhere 0.2 <|z| < 0.3 Must show the standardisation
Al Foracorrectequationwithz=+0.25 or better (allow any letter for d) zvalue
must be compatible with their standardisation
Al Forawrt 3.452 (calc gives 3.45200... use of 0.2533 gives 3.4519...)
©) M1 Fora correct probability statement involving Jand m (median) only Allow any
letter for Jand m May be implied by awrt 3.8[0]/3.81 0or 2" M mark
For =3 _ . where 0.84112<0.850r 22" — » where -0.85 <z~
M1
0.84
May be implied by awrt 3.8[0]/3.81Allow any letter form
Al Awrt 3.8[0] (accept 3.805)
d) BIft Forananswerintherange 0.0912t0 0.0918 or same as part (a) for P(J > 4.1)

Allow any letter forJ

M1 For 0.4 x theirP(J> 4.1)

Al 1 0.0912=0.03648

Foranswerintherange 0.036to0 0.037 NB 0.4 x 0.0918 =0.036712 and 0.4 x




Question

Number Scheme Marks
5(a) [P(Both blue)=0.05x0.05=]0.0025 oe Bl
(1)
(b) P(Exactly 1 red)=2x0.05%x0.95 M1
=0.095 Al
2)
4 5 4
(c) P(2 yellow and 1 green)=3 ><§><§><7 BIMI
10
=31 Al
(3)
) | [P(Allbeads are yellow)] = —x—x%x% M1
. 5 4 3 2
[P(At least 1 bead is green)=1—P(all beads are yellow)=] 1—§x§x7x ‘ M1
— E A']
126
(3)
Notes Total 9
(a) Bl | cee.g. 55
(b) M1 | cee.g. x4+ xL
Al |ocee.g. 3
For 3 x ... orthe sum of exactly 3identical products. Allow equivalent expressions for 3
© | Bl e.q.’C,
M1 | For $x2x% oee.g. & Maybeimplied by &
Al | For % oe (allow awrt 0.476 from correct working)
For $x4x2x2 oee.g. Z22 |t must be onits own or clear that they are finding P(All
beads are yellow) and not embeddedin alist of possible outcomes oralist of all 15
outcomes May be implied by 2" M1
(YYYG)x4 [(YYGY), (YGYY), (GYYY)] May be implied by 4x 2234 o
Ix8xTx6
. . S5x4x4x%x3
(d) M1 | YYGG)x6 [(YGYG), (YGGY), (GYYG), (GYGY), (GGYY)] May be implied by 6xm
XdX [/ X
oe
. . S5x4x3x2
(YGGG) x4 [(GGGY), (GGYG), (GYGG)] May be implied by 4x ——— oe
Ix8xTx6
(GGGG)May be implied by Ax3x2x1 oe
Ix8xTx6
M1 Use of 1— p (where pis aproduct of 4 probabilities) or the sum of all 15 correct
probabilities
Al % oe (allow awrt 0.96 - must be from correct working)
SCIf MOMOAO thenaward MIMOAO for 15 probabilities with no extras listed with at
least 3 correct products




SuEsien Scheme Marks
Number
6(a) E(X)=—4a+(-3b)+a+2b+5x0.2[=-3a-b+1] Bl
)
(b)i) | [E(N)=]0 B
(i) a+b+a+b+02=1 Bl
2a+2b=08 _ o5 4a=12 or 4b=04 M]
3a+b=1
Solving simultaneouslytogivea=0.3 b=0.1 AlAT
(5)
(c) Var(1-3X) =9Var(X) y:1310 -2 -5 -14 M1
13 x0.3+10*x0.1+
E(X*)=(—4)a+(-3)b+a ) 5 5
Var(1-3X) =| (-2)" x0.3+(-5)"x0.1 |-1 M1
+(2*)b+25x0.2[=11.4] 5
+(—14)"x0.2
Var(1-3X)=102.6 awrt 103 Al
)
_ [P(Y<0)=P(1-X<0)=] : _1 -
() " 1o 540 -1-4 MIATft
P(X>1)="0.1"+0.2=03 P(¥Y <0)="0.1"+0.2=0.3
. PY<k)=Pl-X<k)=|P(X>(1-k))=0.2 or
1-k=2
k=-1 Al
(4)
Notes Total 13
Fora correct expression for E(X) need not be simplified. May be seenin part (b)
(a) B1 DonotISWe.g. —4a+(—3b)+5a+2b+5><0.2 oe
Mark (i) and (ii) together as one part
(b)(i) B1 For O Condone E(X)?=0
(i) B1 Forusing sum of probabilities =1to form an equationina and b May be seenin (i)
M1 For eliminating one variable only ft their 2 equations if working is shown.
May beimpliedbya=0.30orb=0.1
Al Fora=0.30orb=0.1
Al Forbotha=0.3andb=0.1
(c) M1 For 32Var(X) or 32E(X?) or for all 5 correct y values seen or used
Foracorrect algebraic expression for E(X?) or Var(X) e.g. 17a + 13b + 5 ora correct
M1 numerical expression ft their a and their b May be seenin part (b) or a fully correct
expression for Var(l - 3X) including the -1?
Al Awrt103 Allow 22
@) M1 ForP(X>1)orforX=2andX=5onlyorforY=-landY=-40r"5"+0.2
Allowb + 0.2 if no bvalue statedin partb
Alft | Fttheirb providedbandb + 0.2 are probabilities
(ii) M1 ForP(X>(1-k))=0.20or1-k=20rP(Y <-1)=0.2May beimplied by k = -1
Al Cao




Quesien Scheme Marks
Number
8360
7(a) [( or X ]——836 B1
—\2
/ (x—X) {6384 (s2) /Z(x—x) _ {63840 M1
9 9
- 79.89993... awrt 79.9 | =84.22192.. awrt84.2 | Al
3)
(b) Mean > Median Bl
So positive skew dBl
(2)
© M=836 whichis the same as x oroneis 60 above x,one 60 a1
below
Sonochangeinthe mean dBl
(2)
896—-836=836—776=60<79.9/84.2 or
(896-836)" =(776-836)" = 60% =3600 <6384 or
_5V 2
(d) D (x-x) _, [63840+2x60° _ 71040 _ o 63840 B1
12 12 10
V5920 =76.9<79.9/84.2
So standard deviation will reduce dBl
(2)
Notes Total 9
(@) B1 CaoAllow a correct fraction
fora correct expression for o or o ors ors2(ignore labels).
Mi NB sz =7052800 but must see atleast o? = 22280 _ ("g836")? for M]
Al Awrt 79.9 or awrt 84.2 if sis calculated cao scores M1A1 Do not allow 4+/399
Fora correct comparison of mean and median (allow 836 > 815 or 815 < 836)
k —medi
(b) B1 May see (mean mj 1an) (o.e.)if sojust check sign of answer (provided
ooro
denom > Q)
Dependent on1°t Bl for positive skew. Positive correlationis BO
dBl1 SCIf theirmeanis <815 award BOB1forthe comparison and statement of
negative skew
For a suitable calculation to show mean of these two rabbits (orall 12) is the
same
() Bl | e.g.new 3 x=8360+776+896=10032, s0 mean = % ~836
NB We must see a calculation




Dependent on a suitable calculation orreason for stating no change oe

dB1
For asuitable calculation showing 60 and comparing with 79.9/84.2 or a
d) B suitable calculation showing 3600 and comparing with 6384 or calculation of
new variance 5920 and comparing with 6384 or calculation of new standard
deviation76.9 and comparing with 79.9/84.2
dBl Dependent on 1¥* Bl for stating standard deviation reduces oe
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7

1. A biologist is studying horses.
The biologist records the height, #cm, and the weight, wkg, of 8 horses.
The table below shows the biologist’s results.
Height 140 145 150 157 138 140 148 142
Weight 500 521 539 554 492 497 532 525
[You may use 2= 1160 D> w=4160 > hw=604135 X w’=2166600 S,, = 286]
(a) Calculate the value of S, and the value of S
3)
(b) Calculate the value of the product moment correlation coefficient between 4 and w
(2)
(c) Show that the equation of the regression line of w on /4 can be written as
w=146.0+3.27h
where the values of the intercept and gradient are given to 3 significant figures.
3)
(d) Give an interpretation, in context, of the gradient of the regression line.
(1)
Using the equation of the regression line in part (c), estimate the weight of a horse with
a height of
(e) (1) 153cm
(i) 170cm
(2)
(f) State, giving a reason, which of the two estimates found in part (¢) would give the
more reliable estimate.
(1)
\ )
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Question 1 continued
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2. The weights, to the nearest kilogram, of 35 rugby players from club A are summarised
in the stem and leaf diagram below.
Weight (kg) Totals  Key: 7| 2 represents 72 kg
7 2 (1)
8 4 9 (2)
9 001 1 5 5 5 6 7 9)
10 (0 0 4 4 5 5 7 8 9 9 (10)
m |1 12 2 2 2 5 (7)
12 10 2 4 6 7 (5)
13 |9 (1)
(a) Find the lower quartile and the upper quartile of the weights of these rugby players.
(2)
An outlier is defined as an observation that is
greater than Q, + 1.5 x (Q, -~ Q,) or lessthan Q —1.5x(Q,-Q))
(b) Show that there is only one outlier for these data.
3)
Figure 1 on page 7 shows a box plot for the weights of rugby players from club B
(c) On the same grid, draw a box plot to represent the weights of rugby players from
club A
“4)
(d) Describe and interpret the skew of the distribution for club B, shown in Figure 1
(2)
\ ) 7
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\ Question 2 continued
Tl
Club A
>
63 70 80 90 100 110 120 130 140
Club B
>
60 70 80 90 100 110 120 130 140
Weight (kg)
Figure 1
Turn over for a spare grid if you need to redraw your box plot.
v,
7
ommC R R Turn over >
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- | Question 2 continued

Only use this grid if you need to redraw your box plot.

Tl
Club A
>
60 70 80 90 100 110 120 130 140
|l
Club B
>
60 70 80 90 100 110 120 130 140
Weight (kg)
Figure 1

R (Total for Question 2 is 11 marks)
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3. A fair 6-sided die is rolled.

The random variable Y represents the score on the uppermost face.

(a) Write down the probability function of Y

(2)

(b) State the name of the distribution of ¥
ey

(c) Find E(4Y +3)
3)

.
10
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Question 3 continued

(Total for Question 3 is 6 marks)
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4. A discrete random variable X has the probability distribution given in the table below,
where a and b are constants.

X -1 0 1 2 3

P(X =x) 0.05 0.1 a b 0.35

Given that E(X)=1.8

(a) find the value of a and the value of b
3)

(b) Specify the cumulative distribution function F(x) for x=-1,0, 1,2 and 3

(2)
(¢) Find PRX < 1)

1)

(d) Find Var(5 — 3X)
You must show your working.

C))

- J 7%
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: (Total for Question 4 is 10 marks)
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5. The weights, x grams, of 300 medium-sized apples are summarised in the table below.

Weight Frequency
105 <x < 115 28
115 <x <125 42
125 <x < 130 75
130 < x < 140 63
140 < x < 150 52
150 <x < 170 40

A histogram is drawn (not shown) to represent these data.
The bar that represents the class 125 < x < 130 is 1.8cm wide and 12 cm high.

(a) Calculate the width and the height of the bar that represents the class 150 < x < 170

3)
(b) Use linear interpolation to estimate the median of x
Give your answer to one decimal place.
(2)
The weights, w grams, of 300 large apples are coded using y = v _2200
These coded data are summarised by
>y = 6000 > =150000
(c) Calculate
(i) the mean of w
(2)
(i1) the variance of w
3)
L
16
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: (Total for Question 5 is 10 marks)
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6. The Venn diagram, where x, y and z are probabilities, represents the events A, B and C

and their associated probabilities.

gL

Given that the events 4 and B are independent,

(a) find the value of x

3)
Given also that P(B|C') = %
(b) find the value of z
(2)
(c) Hence find the value of y
()
(d) Find
(i) P((BU C) N 4)
(ii) P((4 U B)NC)
(2)
L
20
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Question 6 continued

: (Total for Question 6 is 9 marks)
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7. The wingspans, Wmm, of Speckled Wood butterflies are normally distributed,
with W ~N(51, 1.7%)

A Speckled Wood butterfly is selected at random.

(a) Use standardisation to find the probability that this butterfly has a wingspan between
48.45mm and 54.40 mm.

3)
Given that this butterfly has a wingspan between 48.45 mm and 54.40 mm,

(b) find the probability that the wingspan of this butterfly is greater than 53.55 mm.
You must show your working.

(&)

The wingspans, Xmm, of Large White butterflies are also normally distributed,
with X ~ N(g, ¢°)

Given that P(X < 64.58) = 0.30 and P(X > 69.46) = 0.10

(¢) calculate the value of i and the value of
You must show your working.

C))
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: (Total for Question 7 is 10 marks)
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8. When Paul goes to work, he travels by car or by bicycle or he walks.
» the probability that he travels by car is %
the probability that he travels by bicycle is %
+ the probability that he walks is %
Given that Paul
» travels by car, the probability that he is late is %
travels by bicycle, the probability that he is late is %
» walks, the probability that he is late is 2—10

. . .2
(a) Show that on any day that Paul goes to work, the probability that he is late is I

(1)
Given that Paul is late on a day that he goes to work,
(b) show that the probability that he travels to work by car is %

(2)
(c) Hence complete the tree diagram on page 28, to represent the given information.

“)
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Question 8 continued

2 Car
4
Lot < Bicycle
................ Walk
Car
Not ................ .
e Bicycle
AAAAAAAAAAAAAAAA Walk

(Total for Question 8 is 7 marks)

TOTAL FOR PAPER IS 75 MARKS s
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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 Markschemesshould be applied positively. Candidates must be rewarded
forwhat 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 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 hasreplacedit
with an alternative response.



3.

General Instructions for Marking

The total number of marks for the paperis 75.

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

e Mmarks: method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

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

e Marks should not be subdivided.

Abbreviations
These are some of the traditional marking abbreviations that will appearin
the mark schemes.

bod - benefit of doubt

ft - follow through

the symbolV willbe used for correct ft

cao - correctanswer only

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

isw - ignore subsequent working

awrt - answers which round to

SC:specialcase

oe - orequivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

% Theansweris printed onthe paper

[ Thesecondmarkis dependent on gaining the first mark

AllAmarks are ‘correct answer only’ (cao.), unless shown, forexample, as
Alfttoindicate that previous wrong working is to be followed through.
After a misread however, the subsequent A marks affected are treated as
Aft, but manifestly absurd answers should never be awarded A marks.



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.

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

. If all but one attempt is crossed out, mark the attempt whichis NOT
crossed out.
. If either all attempts are crossed out or none are crossed out, mark

allthe attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct answer



Question

Number Scheme Marks
2

1(a) [S,. =]604135—M or [S,, :]2166600—4160 M1
[S,. =]935 Al
[S,,, =]3400 Al

(3)

(b) r=&=0.9481... awrt 0.948 M1A]

\J286x"3400" S
(2)
"935"

(c) b _786[_3'269'"] M1
a:%—"S.Z@..."X%[: 45.96...] MT
w=46.0+3.27h* Al*

(3)

d) [Onaverage] foreach/1[cm]increase in height/h the B1
weight/wincreases by “3.27"[kg]

(1)
(e)i 546.31 awrt 546 B1
(i) 601.9 awrt 602 Bl
(2)
The Istestimate is more reliable estimate since...
e Thelstestimateis aninterpolation/The 2@ isan
extrapolation
(f) e 153(height)is within datarange/170 is not within data =]
range
e 153isclosertothe mean(height)/170 is further from
the mean
(1)
Notes Total 12
@) M1 foracorrectexpressionfor S, orS,  impliedby eithercorrect
answer
Al 935 cao
Al 3400 cao
(b) M1 | foravalid attempt atrallow ft theirvalues from (a)

Al awrt 0.948 correctanswerscores 2 out of 2

(c)

M1 | foracorrect numerical expressionto find the value of b

M1 Allow w-520="3.269..."(h—145) oe for this mark

foracorrect method to find the value of a ft theirb

Al1* | equation stated.

correct solution with both method marks and correct given

do not award this markif thereisincorrect working seene.g.a =




45.85roundingtoa=46.0 donotallow w=46+3.27h

foracorrect numerical interpretation which includes height/h

(d) B1 and weight/w
if units are stated then they must be correct
(e)(i) Bl |awrt546
(i) B1 awrt 602
forlstestimate oe and a correct supporting reason.
(f) B1 ignore extraneous non-contradictory comments.

for2nd/39reason, do not allow comments that refer to weights




QUISEHIE Scheme Marks
Number
2(a) [LQ=]95 B1
[UQ=]112 B1
(2)
(b) "95"—1.5x("112"="95") or "112"+1.5x("112"-"95") Ml
"95"—1.5x("112"-"95") and "112"+1.5x("112"-"95") ATft
Soonly outlieris 139 Al
(3)
« Club A % MIMI
MI1ATft
60 70 80 90 100 110 120 130 140
(4)
(d) (Club B has) positive (skew) M1
So club B weights are more varied above the median (than below the Al
median)
(2)
Notes Total 11
(a) B1 | correctlower quartile 95 cao
B1 | correctupperquartile112 cao
b) M1 acorrect methodto find either the lower or upper outlier boundary ft their
values from (a)
correct attempt to find both the lower and upper outlier boundary ft their
Alft values from (a)
this markis forboth correct ft expressions which need not be evaluated but
may be implied by both of 69.5and 137.5
Al | (deponMlonly)foridentifying 139 as an outlier
(c) M1 | foraboxwithTupperwhiskerand1lowerwhisker
M1 forlowerwhisker plotted at 72 and upper whisker plotted at 127 or ‘137.5
(condone 137 to 138)’
M1 | forquartiles plottedat ‘Qy, 105 and ‘Q3’
forafully correct boxplot with 1outlier marked at 139 only ft ‘Qy’, ‘Qs’ and
At 14375
foridentifying positive (skew) ignore comments about the skewness of
(d) M1 | ClubA
positive correlationis MO
Al foracorrect contextual interpretation of positive skew indicating that there
is greater variation above the median




QUISSLEN: Scheme Marks
Number
1
3(a) [P(Y=y)=]g [y=11,2,3,4,56 B1dBI
2)
(b) [Discrete] uniform [distribution] Bl
(1)
E(Y):%[:&S] or
(c) 4Y+3: 7,11,15,19,23,27 M1
E(Y):1+2+324+5+6[:3.5]
E(4Y+3):H7H+||27H Or
E(4Y+3)=4X 35 +3 H7H+Hl1H+H15H+|'19H+|123H+"27H M-l
6
17 Al
(3)
Total 6
foridentifying P(Y = y) :é as the only probability
@ Bl Ignore labels. (May be seeninatable). Must be seenin part (a).
Stating orusing Normal, Binomial (or other distribution) is BO
DeponpreviousBlfory=1,2,3,4,5,6 Ignorelabels. (May be seen
dB1 | . .
inatable) Must be seeninpart (a).
Use of inaccurate value for % canscore BOBIif otherwise fully
sc correct
e.g.
1 2 3 4 5 6
0.167 | 0.167 | 0.167 | 0.167 | 0.167 | 0.167
b) B do not allow continuous uniform [distribution] do not allow Normal
uniform
acorrect methodto find E(Y) (implied by 3.5)
M1 orsightof 7,11,15,19, 23, 27 (allow one slip)
(c) 1 .2 .3 4 _5 6.
Ix—4+2x=4+3x=+4x—+5x=+6x— isMO
6 6 6 6 6 6
use of 4E(Y)+3 fttheir E(Y) must be clearthat they are using their
m [EO0
e.g. 4(gj+3 isMO




oracorrectmethodto find E(4Y + 3) ft their7,11,15, 19, 23, 27

Al

cao 17 scores 3/3




QUESTen Scheme Marks
Number
4(a) 0.05+0.1+a+b+0.35=1[a+b=0.5] M1
-0.05+a+2b+1.05=1.8 [a+2b=0.8] M1
b=0.3a=0.2 Al
3)
[x] -1 0] 1 2 3
(®) [F()] Oéo 0.15]0.35]0.65| 1 BIBIft
(2)
(c) 0.15 Bl
)
) | EG-3X)=8x0.05+5x0.1+
@ i)"(o);i;(x)gi ;[1_><4 2-]2 T 2x"0.2"- 1x"03"-4x035[=-04] | M]
' ' ‘ or E(5-3X)=5-3x1.8[=-0.4]

o E(5-3X)* =64x0.05+25x0.1+
Var(X)="4.6"-18"=1.36 4><"0.2"+)1x"o.3"+16><0.35[=12.4] M
Var(5-3X)=9 x “1.36” Var(5-3X)=“12.4" - (“-0.4")? M1
=12.24 =12.24

awrt12.2 Al
(4)
Notes Total 10
(a) M1 foreither correct equationinaandb

Mi forboth correct equationsinaandb
botha=0.2o0eandb=0.30e
Al correct answers score 3 out of 3unless from obvious

incorrect working

In part (b) and (d) working labelled in script takes priority.
Look out for working shown under the table which can be marked if it does not

contradict the working in the script.

for 3 correct values of x and theirassociated cumulative

(b) Bl probabilities
B1ft forafully correct cdf
ft theira and b provided both are probabilitiesanda+b =0.5
(c) B1 0.150e
formethodto find E(X?) with at least 3 correct (ft) non-zero
products (may be implied by 4.6) only allow ft products which
(d) M1 use probabilities
oramethodto find E(5 - 3X) with at least 3 correct (ft) non-
zero products (may be implied by -0.4)
oruse of E(6 - 3X) =5 - 3E(X)
foracorrect method to find Var(X) ft their E(X*) (may be
M1 | impliedby1.36)

oracorrect method to find E(5 - 3X)?(may be implied by 12.4)




M1

foruse of 3*Var(X) ft their Var(X)
oruse of E(5 - 3X)? - (E(5 - 3X))?

Al

awrt12.2 working must be shown Answer only sendto
review.




Question

Scheme Marks
Number
5(a) Width=7.2 Bl
Area of 21.6 forafrequency of 75 so 2156><40:11.52for M
afrequency of 40 or wxh=11.52 or fd=15
11.52 2
|:h—7 or EXIZ—}16 Al
()
5 5.5
[Q, =130+]—=x10 or [Q, =130+]==x10
(b) 63 63 MT
. x—130 _ 150-145 . 140 —x :208—150
140-130 208-145 140-130 208-145
=awrt130.8 or awrt130.9 Al
(2)
_ 16000 _
(c)() [y =]m[= 20] and [w=]2x"20"+200 M1
=240 | Al
(2)
150000
(c)(ii) [Var(y) =] 55— ~"20"=100] M1
[Var(w) =]4x"100" =400 M1A1
()
Notes Total10

(a)

B1 | 7.2orexactequivalent

M1 forsightof11.52 or wxh=11.52 or fd=15
May be impliedbyh=1.6

Al | 1.6 orexactequivalent

forany valid method to find the median

MI | allow working backwards [140 —]%xlo or [140 -]

allowuseofn+1

57.5
63

x10

Al awrt130.8 allow awrt130.9if using(n +1)

No fractions

(c)()

foracorrect method to find the mean of w

MI | Alt: 3 w=6000x2+300x200=72000] and 7=

"72000"
300

Al cao correctansweris?2/2

foracorrect methodto find Var(y)

(©)in MI | orfor 3 w* =17400000
foracorrect method to find Var(w) ft their Var(y)
M1 2x"100"+200 =400 is MOAO
or for Var(w) = 17200900 w5 4qr
300

Al | cao answeronlywithnoworking shown scores MIMOAO

SC | Ifnomarksscoredin (i), allow M1(MOAO) for




150000

\/ 300

"

"2




SUESHE Scheme Marks
Number
6(a) P(4)=0.6 P(B)=0.24+0.09+x P(ANB)=0.24 M1
0.6(0.33+x) =0.24 M1
x=0.07 Al
(3)
, 0.24+"0.07" 31
(b) P(BIC)= 0.6+"0.07"+z 75 M
z=0.08 Al
2)
(c) y=1-0.36-0.24-"0.07"-0.09-“0.08" M1
y=0.16 Alft
2)
(d)(i) 0.36 BT
(ii) 0.67 Bift
(2)
Notes Total 9
foratleast 2 of the 3 correct probabilities/probability
expressions
(a) M1 | seenorused (impliedby 2" MTI)
0.24+0.09+x may be implied by embedded working
e.g.x="“P(B)’-0.24-0.09
MT foruse of P(4n B)=P(A)xP(B) oetoformacorrect
equationinx
Al | ce correctanswerscores 3/3
foracorrect conditional probability equation ft “their x”
) MT substituted orjust x

allow P(B|C')=

0.24+"0.07" 31
1-0.09-y 75

Al oe correctanswerscores 2 outof 2

(c)

foracorrect expressionto findy ft theirxand theirz
values substituted where xandzare probabilities

M1 do not allow blank/no answers for xand/orz as zero

may be implied by x + y +z=0.31with x,y,and zas
probabilities

ft their x and theirz

Alft x+y+z=0.31wherex, y,andzare probabilities
(d)(i) Bl |oe
0.670e or 0.6+ “theirx”
(ii) B1ft | ft “theirx” where “theirx” and 0.6 + “theirx” are

probabilities




SUCEHEN Scheme Marks
Number
7(a) [P(48.45 <W <54.4) :]P(Z < 54'14;51J — P(Z < @] MIM1
[0.9772—0.0668]: 0.9104 Cal: 0.91044... awrt 0.910 | AT
(3)
©) [ P(53.55<W <54.4)=]"0.9772"—(1-"0.0668") [= 0.044] M1
Calc:0.044057....
[P0V >53.55|48.45<W <54.4) =] 70.044" M1
"0.9104"
=0.04833 awrt 0.0483/0.0484 Al
(3)
© | Y3874 5044 (Calc: - 0.524400..) M1
O
94071 _ 2316 (Calc: 1.281551) M1
O
4.88=1.8060 = 0c=2.702... awrt2.7  u=65996... awrt 66 dMIAT
(4)
Notes Total 10
Standardisingwith 54.4,5Tand 1.7 (implied by +2)
(a) M1 | orstandardisingwith 48.45,51and 1.7 (implied by £1.5)
using 1.7%2is MO
Standardisingwith54.4,51and 1.7 and 48.45,51and 1.7
and attempt to find correct probability usingp - g oe (where 0.5
M1 | <p<1and0<g<0.5) orp-(1-rjoe (where0.5<p<land0.5<
r<1)
If 15t M1 scored, then may be implied by correct answer
Al awrt 0.910 condone 0.91 correct answer with no working
scores O
foravalid attemptto find P(53.55 < W < 54.4)
(b) M e.g. "0.9772"—(1—"0.0668") May be implied by awrt 0.044/0.0441
fora conditional probability inthe form m 91;()4" where O <p <
M1 | “0.9104”
assumingindependenceis MO e.g. px70.9104"
"0.9104"
Al | awrt0.0483/0.0484 Nofractions
for standardising 64.58 and setting equal to zvalue where 0.5 <
(c) M1 | |z]| <0.6 orforstandardising 69.46 and setting equal to zvalue
where1<|z| <1.5
M1 for standardising 64.58 and setting equal to zvalue where - 0.6 <

z<- 0.5 o0ewith compatible signs and for standardising 69.46




and setting equal to zvalue where 1<z < 1.5 oe with compatible
signs

Dep on IstM1for attempting to solve theirtwo linear equations
(using substitution or elimination) leading to an equationin one

aMi variable
Implied by either o =awrt 2.7 or g = awrt 66
Al both o=awrt 2.7 and u = awrt 66 and both 0.5244 (or better) and

1.2816 (or better) seen




Question

Number Scheme Marks
1 1. 1 1 1 1 2
—X—F—X—F—x—=—% *
8(a) 2576710 3720 15 Bl
(1)
1 1 1 1 1 1 1
275 _10|.3 6710 3720 _3
_— = :—* — :_* *
(b) 2 2|73 or 1 2 M1A]
15 15 15
(2)
3 Car
1
Late 8 Bicycle
! ,
r Walk
©) B1BI1
MIAT
6 Car
13
i
Not 32 Bicycle
late
19
32 Walk
(4)
Notes Total 7
fora correct expression whichis the sum of three products of
. | probabilitiesleading to the given answer
(a) B1
1 1 1 2
allow —+—+—=—
10 60 60 15
for l><l = 1 (donot award if embeddedinanincorrect
2 50 10
(b) M 1 1 1 1
calculation) or useof1-... with = x—+—-—x—
6 10 3 20
Al1* | forafully correct expressionleading to the given answer
(c) B1 | for & oeinthe correct place onthe tree diagram
B1 | for i oeand i oeinthecorrectplace onthe tree diagram




ﬂxl l)(2 l)(B
for u|:=£j| oe or u{=i} oeor M{:B} oe

13 13 13 52 13 52
M 15 15 15
implied by 1correct probability inthe correct place ontree
diagram
6 9 19 ,
for — oeand — oeand — oeinthe correct place ontree
Al 52 52

diagram
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1. A continuous random variable X has cumulative distribution function
0 x <2

2io(x2—4) 2<x<4

F(x) = :
§(2x—5) 4 <x<5

1 x>5

(a) Calculate P(X > 4)

(2)
(b) Find the value of a such that P(3 < X < a) = 0.642

“4)
(c) Find the probability density function of X, specifying it for all values of x.

“4)

(Total for Question 1 is 10 marks)

2. Bill owns a restaurant.

Over the next four weeks Bill decides to carry out a sample survey to obtain the
customers’ opinions.

(a) Suggest a suitable sampling frame for the sample survey.

(1)
(b) Identify the sampling units.

1)

(c) Give one advantage and one disadvantage of taking a census rather than a sample
survey.

2
Bill believes that only 30% of customers would like a greater choice on the menu.

He takes a random sample of 50 customers and finds that 20 of them would like a
greater choice on the menu.

(d) Test, at the 5% significance level, whether or not the percentage of customers who
would like a greater choice on the menu is more than Bill believes.
State your hypotheses clearly.

()
(Total for Question 2 is 9 marks)

2 P87447A
m |



3. Left-handed people make up 10% of a population.
A random sample of 60 people is taken from this population.

The discrete random variable Y represents the number of left-handed people in
the sample.

(a) (1) Write down an expression for the exact value of P(Y < 1)

(i1) Evaluate your expression, giving your answer to 3 significant figures.

3)

(b) Using a Poisson approximation, estimate P(Y < 1)
2

(c) Using a normal approximation and standardisation, estimate P(Y < 1)
6))

(d) Give a reason why the Poisson approximation is a more suitable estimate

of P(Y < 1)
(1)
(Total for Question 3 is 11 marks)
P87447A 3
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4. The function f(x) is defined as

1
F(x) = §(x+5)(3—x) I<x<4

0 otherwise

Albert believes that f(x) is a valid probability density function.

(a) Sketch f(x) and comment on Albert’s belief.

3)
The continuous random variable Y has probability density function given by
12-y° 1<y<3
gy) = 2 =07 rs
0 otherwise
where £ is a positive constant.
(b) Use calculus to find the mode of ¥
3)
(c) Use algebraic integration to find the value of £
3)
(d) Find the median of Y giving your answer to 3 significant figures.
3)
(e) Describe the skewness of the distribution of Y giving a reason for your answer.
(2)

(Total for Question 4 is 14 marks)

4 P87447A
m |



5. Cars stop at a service station randomly at a rate of 3 every 5 minutes.
(a) Calculate the probability that in a randomly selected 10 minute period,
(1) exactly 7 cars will stop at the service station,

(i1) more than 7 cars will stop at the service station.

C))
Using a normal approximation, the probability that more than 40 cars will stop at
the service station during a randomly selected » minute period is 0.2266 correct to
4 significant figures.
(b) Find the value of n
You must show all stages of your working.
)

(Total for Question 5 is 13 marks)

6. A bag contains a large number of coins. It contains only 1p, 5p and 10p coins.

The fraction of 1p coins in the bag is g, the fraction of 5p coins in the bag is » and the
fraction of 10p coins in the bag is s

Two coins are selected at random from the bag and the coin with the highest value is
recorded. Let M represent the value of the highest coin.

The sampling distribution of M is given below

m 1 5 10
par=m | L 13 319
25 80 400

(a) List all the possible samples of two coins which may be selected.

2

(b) Find the value of ¢, the value of » and the value of s

(7)
(Total for Question 6 is 9 marks)

P87447A 5
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4 R
7. The continuous random variable X is uniformly distributed over the interval [a , b]

(a) Find an expression, in terms of @ and b, for E(3 — 2X)

(2)
. 1 2

(b) Find P(X > Eb + ga)

(2)
Given that E(X) =0
(c) find an expression, in terms of b only, for E(3X?)

3)
Given also that the range of X is 18
(d) find Var(X)

2

(Total for Question 7 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS

. J
6 P87447A
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Question 1

Write the answer to Question 1 on these 2 pages

MR 0 O 0 o
P 8 7 4 8 7 A 0 2 2 4
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Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 10 marks)
14 J
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Question 2

Write the answer to Question 2 on these 2 pages

MR 0 o
P 8 7 4 8 7 A 0 4 2 4
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Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 9 marks)
14 J
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Question 3

Write the answer to Question 3 on these 4 pages

MR 0 o
P 8 7 4 8 7 A 0 6 2 4
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Question 3 continued
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Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.
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Question 4

Write the answer to Question 4 on these 4 pages
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Question 4 continued
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(Total for Question 4 is 14 marks)
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Question 5

Write the answer to Question S on these 4 pages
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Question 6

Write the answer to Question 6 on these 4 pages
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Question 7

Write the answer to Question 7 on these 3 pages
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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 Markschemesshould be applied positively. Candidates must be rewarded
forwhat they have shown they can dorather than 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 hasreplacedit
with an alternative response.



General Instructions for Marking

1. Thetotalnumberof marks forthe paperis75.

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

e Mmarks: method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

e B marksareunconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appearin
the mark schemes.

bod - benefit of doubt

ft - follow through

the symbol vV willbe used forcorrect ft

cao - correct answer only

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

isw - ignore subsequent working

awrt - answers whichround to

SC: special case

oe - orequivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

%k Theansweris printed onthe paper

[ Thesecondmarkis dependent on gaining the first mark

4, AllAmarks are ‘correct answer only’ (cao.), unless shown, forexample, as
Alfttoindicate that previous wrong workingis to be followed through.
After a misread however, the subsequent A marks affected are treated as
A ft, but manifestly absurd answers should never be awarded A marks.



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.

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

. If all but one attempt is crossed out, mark the attempt which is NOT
crossed out.
. If either all attempts are crossed out or none are crossed out, mark

allthe attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct answer



Question Scheme Marks
Number
3 2 o2 8 2
1-F(4)=1-2== Zldx=2-===
1(a) (=1-%=" !(5} — MIAI
(2)
— — —_ = 4
©) F(a)—F(3) =0.642 or F(a)-F(4)=0.292 or Fromx = 3 to 4: I(ixjdx:l M
F(a)—-0.25=0.642 or F(a)—0.6 =0.292 2 \10 20
Fromx=4toa:
F(a)—0892—% <2 2 8 Al
=0.892 = 242, 8
20 I(sj (5“ sj
1 7 2 8
—(2a—-5)="0.892" —+—a—-—=0.642
52073 205" M
a=4.73 Al
(4)
d 1 1 d(1 2
f(x) =—(F(x)) = —| —(x* =4) |=—x fx)==—|-(2x-5)|==
(c) x) dx( (x)) (20()6 )) 0" x) dx(S( x )) s M1
ix, 2<x<4
10
2
f(x) = 3 4<x<5 AlA1BI
0, otherwise
(4)
Notes Total 10
@) M1 For1-F(4) seenorused. May beimplied by 2 oe Allow1 - P(X <4) ora correct
integral with limits seen orused
Al | Oe
for F(a) - F(3) =0.642 seenorusedor F(a) - F(4) =0.292 seen orused or for
(b) M1 correctattemptatareafrom3to4ordtoaAllowP(X<a)-P(X<3)=0.6420r
PX=<a)-P(X=<4)=0.292
Allow any letter fora May be implied by F(a) =0.892
Al | for F(a)=0.892 oe orforeithercorrect area
Forsolving %(251—5) ="0.892" ft their 0.892 Allow any letter for a or for total
M1 | area=0.642
ISWe.q. 2%)(a2 —4) =0.892 SCuse of a-1leadingto 5.73 scores M1
Al | Caolf4.67isshownaswellthenit mustberejected
© MT For attempt at differentiation of eitherline of cdf (x" — x") May be implied
by either of the first two lines of the cdf above correct
Al | For %x (must be onits own)with correct limits
Al | For %(must be onits own)with correct limits
forthe 3line of the cdf above Allow O forx <2 and O forx > 5 for O otherwise
B1 .
Allow use of =/= for this mark only




Question

Scheme Marks
Number
2(a) List of all the customers (who eatin the restaurant) Bl
()
(b) Customer(s) (who ate in the restaurant) Bl
(1)
(c) Advantage: more/total accuracy, unbiased B1
Disadvantage: time consuming to obtain data and analyse it,
: . ) AN B1
expensive, difficult to ensure entire populationisincluded
(2)
d) Let X =the number of customers who would like more choice onthe
menu
Ho:p=0.3 Hi:p>0.3 Bl
X~B(50,0.3)
P(X >20)=1-P(X<19)  or CRPX >21)=1-P(X <£20) 0.9522 M1
=1-0.9152 =1-0.9522
=0.0848 X>21 Al
Do notreject Ho/ not significant/20 is notin critical region Ml
The percentage of customers who would like more choice on the
menuis not more [than 30%)] or Thereis no evidence torejectBill’s Alft
belief
(5)
Notes Total 9
Need theidea of list/register/data base and customer(s). Do not allow
(a) B1 | customer’sopinions. ‘ALL’ may be implied. Do not allow a partial liste.g. A
list of 50 customers
(b) B1 | Customer(s) Do not allow customer’s opinion
If not labelled, assume the response refers to a census
(c) B1 | Correctadvantage (If notlabelled as advantage then take the first answer
as the advantage)
Correct disadvantage (If not labelled as disadvantage then take the
BI second answer as the disadvantage)
(d) B1 | Bothhypothesesintermsofpor »

M1 | Forwritingorusing1-P(X=19)or1-P(X <20)

Al | Awrt 0.0848 oracorrect CR(allow any letter)

Foracorrect non contextual statement. Ft their probability/CR provided a

M1 | binomial distributionis used. Do not allow contradictory non contextual

statements. May be implied by a correct contextual statement onits own

Alft

Billand belief/believes. Ft their probability/CR

Foracorrect contextual statement. Must mention customers and choice or




Question Scheme Marks
Number
3(a)(i) B(60, 0.1) B1
[P(Y =0)+P(Y =1) =](0.9)* +60(0.1)'(0.9)* oe M1
(ii) =0.013777... awrt 0.0138 | Al
(3)
(b) Po(6) BT
[P(Y <1)=]0.01735.... or0.0174fromtables awrt 0.0174 | BT
(2)
(c) N(6, 5.4) B1
1.5-6
[P(Y31)~]P(Z< m} MIMT
=P(Z <-1.936...) Al
=1-0.9738 =0.0262 (or from calc 0.02640...) Al
(5)
d) [Poisson approximationis more suitable since] pisnot close to B1
O.5ornislarge and pis small or (b)is closer to the true value
(1)
Notes Total 11
(a)() B1 | Forwriting orusing B(60, O.1) Allow if used in (ii)
M Foracorrect expression oe Allow use of ©°Co oe and ¢°C, 0e ISW aftera
correct expression. Allow if seenin (ii)
(ii) Al | Awrt 0.0138 NB SC answer only scores BIMOAQO
(b) B1 | Forwriting orusing Po(6)
B1 | Awrt0.0174
Forwriting orusing N(6, 5.4) May be seenin a standardisationNB 5.4 =
(c) B1 (ﬁ)z
5
M1 | For continuity correction1+ 0.5
M1 For standardisingusing 1, 0.5 or 1.5 with their mean and their standard
deviation Allow +
Al | Awrt +1.94 May be implied by awrt 0.026
Al | Awrt 0.026
Foracorrectreason (No need to mention Poisson) Ignore any
d) B1 referencetonp <10 oe e.g.therateis small. Donot accept mean=

correct answer

variance since 6 is not approximately 5.4 butignore if alongside a




SIsiey Scheme Marks
Number
4(a) B1BI1
Thisis not avalid probability density function since f(x) < O forx> 3 Bl
(3)
(b) [e(») =k(12y—y)]= [g' ()] =k(12-3y") M1
12-3y°=0 soy=2 dMI1A1
(3)
PRt
(c) J.k(12y—y3)dy=l{6y2 _%} M1
1
2 3! 1 1
k| 6x3 _?_6+Z =1 sOk= % dMI1A1
)
’"" " 3 _n 1 " 2 m4 2 14 _
! 3512y —y")dy = 3 [6><m —T—(6xl -7 =0.50r
(d) ) M1
j"ng”(lzy—f)dy = "%8"(6)/2 —%}c anduseof F(3)=1orF(1)=0tofindc
m* —24m* +79=0 0e SO m=1.98437... awrt1.98 MIA1
)
(e) Median = Mode, therefore there is no skew M1ATft
(2)
Notes Total 14
Forcorrect shape between1land 3. Ignore any parts of the graph that extend
(a) B1 | before x=1and or afterx=4 Allow evenif 3is not marked on the x axis aslong it
crosses the x- axis betweenland 4
B1 | Foracorrect shape betweenland 4 with1, 3and 4 labelled on the x-axis
Fornot adensity function/Albert isincorrect with supporting reason
B1 .y
e.g. probabilities cannot be less than O
Forexpanding and attempting to differentiate (or using product rule to
(b) M1 | :
differentiate)
;1 Dep on previous M1 Forequating to O and attempt to solve
Al | Cao NB Answer only scores O/3 Do not ISW
©) M1 | Foran attempt tointegrate g(y) (»" — »"")
d | Deponprevious M1Forequatingto1anduse of correct limits (May be implied
M1 | by 5-2)
Al | Oe NB Answer only scores 0/3




Forwriting orusing Tg(y)dy =0.5 ftkfrom part c Allow any letterfor m Must see
1

d M1
< limits/correct use of limits or jg(y)dy anduse of F(3)=1orF(1)=0Otofindc
M1 | For m*-24m*+79=00ee.g. £’ -5y -2 =05
Al | Awrt1.98 only Must reject otherroot(s) if seen
Foracomparison of their part (b) with their part (d) Allow comparison of the
() M1 mean (1.9857..) provided the meanis calculated
Forno skew/zero skew oe Condone symmetrical/symmetric (allow [slight]
':‘t] negative [skew]) ft their part (b) and part (d) or the mean provided the meanis

calculated Do not allow equal/even skew or normal/normally distributed




Question

Number Scheme Marks
5(a) Po(6)
(i) P(X=7)=P(X <7)-P(X <6) =0.7440—0.6063 M1
=0.1377 awrt 0.138 | Al
(i) P(X>7)=1-P(X<7) =1-0.744 M1
=0.256 Al
(4)
(b) Let Y be the number of cars that pullinto the service station
Y~N(4,2) M1
A= 0.6n B1
P(Y >40)=0.2266
40.5-1
77 0.75 MIMIBI
24075\ ~405=0 Al
Ji=6 MIAI
n=:60 Al
(9)
Notes Total13
e * A7
(a)(i M1 | Forwriting orusing P(X <7)-P(X <6) oruse of
Al | Awrt0.138
(i) M1 | Forwritingorusing 1-P(X <7)
Al | Awrt0.256
(©) M1 Normal with mean = Var (can be letters or numbers) May be seenina

standardisation

B1 | Using A= 0.6n (canbe seen at any stage)

M1 | Use of acontinuity correction40 +0.5

M1

Standardising with 39.5, 40 or 40.5 and their mean and their standard
deviation and set =to azvalue where 0.74 <|z| <0.76

B1 | O.75orbetterAllow - 0.75if compatible with their standardisation

Al | Fully correct equationinany form

M shown. May be impliedbyn=60

Solving their 3TQ If the equationisincorrect then working must be

A1 | For 1 =6 or 1=36Maybeimpliedbyn=60

Al Forn=60




Question

Number Scheme Marks
6(a) (1,1),(,5)[x2](5,5),(1,10)[x2], (5,10)[x2], (10, 10) BIB]
(2)
1 1
(0 |[ForM=101 gxg= sog=g MIAT
, 13
[ForM=5,(1,5),(5,1),(5,5)] gqr+rq+r =20 M
_2 2)2 _g(—13
P4 2(Lr—B =0 p= 2" (5)2 C) s r=1 MIAT
[ForM=10,(1,10),(10,1),(5,10), (10, 5), (10,10)]
2qs+2rs+s2:i—(l)(9) org+r+s=1 so s:;—(l) MIAT
(/)
Notes Total 9

(a)

B1 | Foratleast4 correctpairs

B1 | Forall 6 correct pairs

(b)

M1
answerforqg

Foracorrect equationto find g May be implied by a correct

Al | 1 oelf morethanoneanswer giventhenit must berejected

M1 implied by a correct answerforr

Fora correct equationinterms of rand g (ft their g) May be

M1

Attemptto solve 3TQ If the equationisincorrect then working
must be shown May be implied by a correct answerforr

1

Al | r= 7 oe If more than one answer given thenit must be rejected

M1

Foracorrect equationinterms of s (ft theirg and theirr) oruse of
sum of probabilities =1 May be implied by a correct answer for s

11

Al | s= e oe If more than one answer given then it must be rejected

Special Case

q g _1
(©) M1 q+r+sxq+r+s_25
A0 | g=4

M1 L -+( r ]2::13
(q+r+s)2 (q+r+s)2 q+r+s 80

let y=— " 50 y* +2(})y-8=0—> y=

3+ -4 1)

MI q+r+s
May beimpliedby y=1

AO | r=5




Mi

2qs

+

2rs

(q+r+sf (q+r+sf

s
+
(q+r+s

AO

s=11




Question

Scheme Marks
Number
7(a) E(3 - 2X)=3 - 2E(X) Ml
=3-2(“)or3-a-b Al
(2)
P(X>3ib+%a)=
(b) b-(3b+3a) _2 or . Gb+ia)—a _2 MIA1
b-a 3 b—a 3
(2)
b
(c) EGX") =[Gl 3 dx [Var(X) =] S22 [ =E(X?)] M1
= [ h = ("3‘;;“)) EGX?)= 3(“’(,#) dM1
=p? Al
(3)
(d) Range=b-a=18 M1
18°
Var(X) = 7 27 Al
(2)
Notes Total 9
(a) M1 | forwriting orusing 3 - 2E(X)
Al Foracorrect expressionfor3-2E(X)e.g. 3-(a+b)Neednotbe
simplified
(b) M1 | foracorrect expressionfor P(X >$b+2a)
2
Al | for 3
©) M foracorrectintegral for E(3.X?) (ignore limits) or for a correct
expression for Var(X)
dM1 M1 Dep on1s*M mark. For correctintegration and correctuse ofa=-bor
for3E(X?)and correctuseofa=-b
Al | Cao
(d) M1 forwriting orusing (b - a) =18 May be implied by a correct answer oruse

of U[-9, 9]

Al | Cao
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1. The captain of a large sports club wants to survey a random sample of the club’s
members to obtain their opinions about proposed changes to the clubhouse.

(a) Suggest a suitable sampling frame for the survey.

1)
(b) Identify the sampling units for the survey.
1)
(c) Give one advantage and one disadvantage of taking a random sample rather than
a census.
(2)

yE
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Question 1 continued

(Total for Question 1 is 4 marks)
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2. The manager of a supermarket records the number of complaints, x, the supermarket
receives each day over a 50-day period. The results are summarised below.

> x=99 and X (x-%) =975

The manager believes that the number of complaints received by the supermarket each
day could be modelled by a Poisson distribution.

(a) Show how the results above support the manager in his belief.

(&)

The manager uses a Poisson distribution with mean 2 to model the number of
complaints received each day.

(b) For a randomly selected day, find using the manager’s model, the probability that
there are

(1) at least 4 complaints received,

(i1) more than 2 but less than 7 complaints received.

“4)
A working week consists of 5 consecutive days.
In a randomly selected working week, the supermarket received 17 complaints.

(c) Test, at the 5% level of significance, whether there is significant evidence that the
mean number of complaints received is greater than 2 per day.
State your hypotheses clearly.

©)

\ ) BN
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Question 2 continued

(Total for Question 2 is 12 marks)
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3. (a) Explain what you understand by the sampling distribution of a statistic.

Oy
A bag contains a large number of £1 coins and a large number of £2 coins only.

A random sample of 3 coins is taken from the bag.

(b) List all the possible combinations of the 3 coins that might be selected.
(2)

The probability of selecting a £1 coin from the bag is p and the probability of selecting
a £2 coin from the bag is ¢

Let X represent the mean value of the 3 coins selected.

The sampling distribution of X is given below

=l
—_

[SSRIFN

27

P()_(=)_C) E

where a, b, ¢ and d are constants.

(c) State the value of a
ey

(d) Find the value of b, the value of ¢ and the value of d
(6)

Let M represent the modal value of the 3 coins selected.

(e) Find the sampling distribution of M
3)

NN 0 0 o
P 7 8 8 4 7 A 0 8 2 4
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Question 3 continued
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Question 3 continued

: (Total for Question 3 is 13 marks)
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4. The continuous random variable X has cumulative distribution function F(x) given by

0 x <1
21—4(x—1)2 1<x<3
F(x) = é(x—2) 3<x<6
—k(x2 —2ox+5z) 6<x <10
1 x> 10

where £ is a positive constant.

(a) Show that k= L
48

(2)
(b) Write down the value of P(X=4)
0y
(c) Find the value of
P25 <X<45)+P(5.5<X<8))
3
The probability density function of X is given by
r(x) 1<x<3
1
— 3 <6
f)=16 <X
s(x) 6<x<10
0 otherwise
(d) Find r(x) and s(x)
3
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Question 4 continued

(Total for Question 4 is 9 marks)
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5. It is known that a particular variety of tulip produces yellow flowers with a probability
of 0.25

A random sample of 15 tulips of this variety is purchased.

(a) Find the probability that more than 4 of these tulips will produce yellow flowers.
(2)

(b) Find the least number of tulips that needs to be purchased so that the probability of
at least 1 tulip producing yellow flowers exceeds 0.95

3)
Another random sample of 100 tulips of this variety is purchased.

(c) Use a suitable approximation to find the probability that, of these 100 tulips, more
than 21 but no more than 30 will produce yellow flowers.
Show your working clearly.

(Solutions relying entirely on calculator technology are not acceptable.)

C))

For this particular variety, it is thought that the probability of a tulip producing red
flowers is 0.3

A random sample of 25 tulips of this variety was purchased. When these tulips flowered,
10 of them produced red flowers.

(d) Use this random sample of 25 tulips to test whether this variety of tulip has a
probability greater than 0.3 of producing red flowers.
Use a 10% level of significance and state your hypotheses clearly.

C))
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6. A rectangle PORS has a fixed perimeter of 40 cm.

The continuous random variable Xcm represents the length of side PQ and is uniformly
distributed over the interval [0, 20]

The continuous random variable 4 cm’ represents the area of PORS

(a) Find the value of E(4)

()
(b) Find the probability that the area of PORS is more than 5 times the area of a square
whose side has length Xcm.
C)
.
20
PR OO0 OO emo
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: (Total for Question 6 is 10 marks)
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7. The continuous random variable X has probability density function

1 1 ;3
—X——X 0<x<4
f(x) —{4 64

0 otherwise

(a) Show that the median of X is 2.165 to 3 decimal places.

)
The continuous random variable Y has probability density function
4 5
— I<y<4
to)=1255" 7
0 otherwise
(b) Show that Var| - | = -85
Y 7225
(Solutions relying entirely on calculator technology are not acceptable.)
6))
(c) Hence find Var(4 - %j
(2)

DA R A c—.
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(Total for Question 7 is 12 marks)
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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 Markschemesshould be applied positively. Candidates must be rewarded
forwhat they have shown they can dorather than 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 on the 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’sresponse is 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 hasreplacedit
with an alternative response.



3.

General Instructions for Marking

The total number of marks for the paperis 75.

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

e Mmarks: method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

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

e Marks should not be subdivided.

Abbreviations
These are some of the traditional marking abbreviations that will appearin
the mark schemes.

bod - benefit of doubt

ft - follow through

the symbolV willbe used forcorrect ft

cao - correctanswer only

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

isw - ignore subsequent working

awrt - answers which round to

SC:special case

oe - orequivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

% The answeris printed onthe paper

[ Thesecondmarkis dependent on gaining the first mark

AllAmarks are ‘correct answeronly’ (cao.), unless shown, forexample, as
Alfttoindicate that previous wrong workingis to be followed through.
After amisread however, the subsequent A marks affected are treated as
Aft, but manifestly absurd answers should never be awarded A marks.



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.

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

. If all but one attempt is crossed out, mark the attempt whichis NOT
crossed out.
. If either all attempts are crossed out or none are crossed out, mark

allthe attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct answer



Question

Scheme Marks
Number
1(a) List of all the members [of the sports club] Bl
@
(b) Individual members [of the sports club] B1

(1)

Advantage: Less time consuming to obtain and

(c) . . B1
analyseit/Less expensive
Disadvantage: May not be representative of the entire
population Bl
(2)
Total 4

Notes

Idea of alist e.g. database/register of allmembers. All can

(a) B1 | beimpliedbutdonotallow a partialliste.g. Alist of 50
members.
(b) B1 | Allowmember. Do not allow member’s opinions.
A correct advantage of taking asample.
(c) B1 |Ifnotlabelled, assume theresponse referstosample
(ratherthan a census).
A correct disadvantage of taking a sample.
B1 |Ifnotlabelled, assume theresponse referstosample

(ratherthan a census).




Question Scheme Marks
Number
2 (a) Mean=1.98 B]
Variance =1.95 B]
Mean and variance are similar [no reason to doubt the B1
manager’s belief]
(3)
(b)(i) P(X>4)=1-P(X<3)=1-0.8571 M1
=0.1429 (Calc 0.1428765..) awrt 0.143 Al
(ii) P(X<6)—P(X<2)=0.9955-0.6767 M1
=0.3188 (Calc 0.318789..) awrt 0.319 N
(4)
©) H,:A=2 H,:1>2 Allow H,: 2=10 H,:1>10 B1
P(X >17|Po(10)) =1-P(X <16) =1-0.9730 or
P(X>16|Po(10)) =1-P(X <15)=1-0.9513 M1
=0.0270 (Calc0.027041...) orCR>16 Al
Reject Ho/In the CR/Significant M
Thereis sufficient evidence to suggest that the mean Al
number of complaints received is greater than 2 per day
(5)
Total 12
Notes
(a) Bl | cao donotallow fraction
Bl | cao
B1 Allow mean = variance ignore extraneous non-contradictory
comments
(b)(i) M1 | For 1-P(X <3) or 1-0.8571
Al | awrt0.143 correctanswerscores 2/2
(ii) M1 | For P(X <6)—-P(X <2) or 0.9955-0.6767
Al | awrt 0.319 correctanswerscores2/2
©) Bl Both hypotheses correct. Must be attached to Hoand Hyin terms
of Aoru
M1 Forwriting orusing Po(10) and 1-P(X <16) or CR: 1-P(X <15)
implied by awrt 0.0487 from a CR method
Al | awrt0.0270orCR>16
A correct statement consistent with theirp-value and 0.05 or 17
M1 | andtheir CR - no context needed but do not allow contradicting
non contextual comments
Al | (DeponbothMmarks) Correct conclusionin context with bold




words o.e.
Must include the idea of rate so either: mean number or number
per day




QU Scheme Marks
Number
If all possible samples are chosen from a population, then all
the values of a statistic and their associated probabilities is a
3(a) , T BT
sampling distribution
or a probability distribution of a statistic
)
(b) 111 112(x3) 122(x3) 222 B1BI1
(2)
5
(c) 3 Bl
)
.27
(d) P =155 M1
p=0.6 and ¢=04 Al
{b P(4ﬂ 3><p Xq M1
{c } 3x pxq’ M1
[a’ P(2)]=q M1
b— =0.432 c:£:0.288 d:i:0.064 Al
125 125 125
(6)
m 1 2 BIMI1AI
(e) 81 44
= —=0.648 | —=0.352
PIM=m) | 175 125
)
Total 13
Notes
(a) B1 | Acorrectexplanationincludingunderlined words o.e.
(b) B1 | Forthree correct combinations
B Allfour combinations (condone permutations) with no additional
incorrect ones
(c) B1 | Allowawrt1.67
(d) M1 | Foracorrect methodto findp
Al |Forp=0.6andg=0.4maybeimplied by acorrect calculation
M1 | Acorrectmethodto find P(#) fttheirpand g
M1 | Acorrectmethodto find P("$") fttheirpand g
M1 | Acorrect methodto find P(2) fttheirpand g
Al | cao
(e) Bl | Form=1landm=2only




M1

Foreither ZZ+'2L' fttheirb or '3 '+ fttheircand d

Al

cao




Question

Scheme Marks
Number
F(lO):1:>—k(100—200+52):1
4 M1
(@ or F(6) =§:> ~k(36-120+52) :%
48k =1 leadingto k:4LS* AT
(2)
(b) [P(X =4)=]0 B
M
©) F(4.5)-F(2.5)+ F(8.5) - F(5.5) M1
1 1 1 1
—(45-2)—-—(2.5-1)> —— (8.5 —=20x8.5+52)—=(5.5-2
6( ) 24( ) 48( x8.5+52) 6( )
[ 5.3, 2_1} M
12 32 64 12
133
=102 Al
)
(d) Attempt to differentiate either function M1
1
[r(x) ]—( — )—— T Al
1
_1 S S Al
[s(x) ] ( %) 12 24
3)
Total 9
Notes
(a) M1 | Forusing F(10)=1orF(6) = 2
A1* | Fully correct solution with substitution seenleadingto k=
(b) Bl |cao

Forwriting orusing F(4.5) - F(2.5) implied by %

M1 71
or F(8.5) - F(5.5) implied by o3

Mi part of cdf

For afully correct method with values substituted into correct

Al | Allowawrt 0.693

M1 (implied by either correct answer)

Attempt to differentiate either function with x" — x"'

Al | Acorrect expressionforr(x) oe

Al | Acorrect expressionfors(x) oe




Question

Scheme Marks
Number
5(a) [X ~B(15,0.25) P(X >4)=]1-P(X <4)=1-0.6865 M1
=0.3135 (Calc 0.313514...) awrt 0.314 Al
(2)
(b) P(X 21)>0.95=1-P(X =0)>0.95 50 [ "C,(0.25)" |(0.75)" < 0.05 | M]
log(0.05)
n>10.4(1..) or n> log(0.75) or n>log,,;(0.05) M1
n=111 Al
)
(c) X ~B(100,0.25) so N(25,18.75) Bl
P(21.5<Y <30.5)=P(Y <30.5)—P(Y <21.5) M1
30.5-25 21.5-25
Pl Z<—— |-P| Z<—— |=P(Z£<1.27)-P(Z <-0.81 M1 M1
R 3 L 3 R
=0.8980-0.2090 = 0.689 (Calc 0.688526...) awrt Al
0.689
(5)
(d) Ho: p=0.3 and Hy: p>0.3 B1
R~B(25,0.3) P(X>10)=1-P(X<9)=1-0.8106 or
CRmethod:P(X >11)=1-P(X <10)=1-0.9022 = 0.0978 M
=0.1894 or CR>T1 Al
Do notreject Ho/not significant/notinthe CR M1
There is not significant evidence that the proportion of AT
tulips producing red flowers is greater than 0.3
(5)
Notes Total 15
(a) M1 | For1-P(X<4)or1-0.6865
Al | awrt0.314 correctanswer?2/2
(b) M1 | For1-P(X =0)>0.95 or (0.75)" <0.05 (condone =)
Forn>10.41or n> 1og(0.05) or n>log,.,s(0.05) (condone <or =)
M1 log(0.75) '
orforthe 2trialsforn=10and1l
Al | cao
Forwriting orusing N(25,18.75) NB: Poisson approximation sendto
(c) B1 .
review
M1 | Forwriting orusing 21.50r30.5
M1 Foreither standardisation using theirmean and standard deviation.
Allow 20.5/21/21.5 29.5/30/30.5
M1 Forboth standardisations using theirmean and standard deviation.

Allow 20.5/21/21.5 29.5/30/30.5




(Dep onallMmarks) awrt 0.689 (Exact binomial awrt 0.685 scores

AT | os5)
d) BI Both hypotheses correct. Must be attached to Hpand Hyin terms of p

or

M1 | Forwriting orusing B(25,0.3)and 1-P(X <9) orforCR: 1-P(X <10)

Al | awrt0.189 orCR > 11

M1 A correct statement - no context needed but do not allow
contradicting non contextual comments

Al (Dep onboth M marks) Correct conclusion in context using bold

wordo.e.




?\lienfgzp Scheme Marks
6(a) [4=]X(20-X)=20X-X" M1
1 2o
[E(X)=]10 [E(4) =] [ 20x—xdx B1
20 (o]
100 1 1,1
Var(X) =|— E(4)=]—|10x* —=x°
[Var(X) ]3 [E(4) ]20[ X 3xlo] B1
100 400
E<X2):102+T[: T} Correctlimits 0 and 20 M1
400 1 N
= _n__ E(A)=—]10(20°)—=(20")-0
B(4)=20x10-"%3 (4) 20( (0)-1 20" j M1
— @ A'|
3
(6)
(b) [P(A >5X2):]P("20X—X2">5X2) M1
- P(X < %) M
LXUEH M1
20 3
_1 Al
6
(4)
Total 10
Notes
(a) M1 | Foracorrectexpressionforarea
B1 | For10 orcorrectexpressionforE(A)ignore limits
B1 | For % orfully correctintegration
M1 Foruse of E(X?)=E(X)*+ Var(X) ft their E(X) and Var(X)
orcorrect limits seenorused
M1 Foruse of 20E(X)—E(X?) ft their E(X) and E(X?)
orcomplete numerical expression for E(A)
Al | Allow awrt 66.7
(b) M1 For"20X — X*">5Xx? Allow =
ft theirarea which must be in terms of X
Forrearranging and attempting to solve "20X — X*">5X>
Ml | May beimplied by ?
1 10
Forcorrectarea —x"—"
M1 20>< 3
Al | Allowawrt 0.167




Question

Number Scheme Marks
7 fm(lx—Lxg’jdX[—l} M1
(@) 04" 64 2
s :
8 256 |, L 2
*-32m*+128=0 or foreither F(2.1645)orF(2.1655) M1
m* =16++/128 (=4.686...0r 27.313...) or both F(2.1645) and M
F(2.1655)
16—+/128 =2.165* Al*
(5)
1 4
E| — - =
(b) (Yj 5551 ") dy 255j(y)y M1
4
4 |y 4 63 28
255{3}1 255 3[ 85} aM1
1 o
E =— —d
(Yzj 255] (r*y)dy = fl 255yy M1
4[] 4 2
— || =—x75]==
255{2}1 255 { 17} dMi
2
Var(ljzi_(ﬁj __66 . AT*
Y) 17 \85 7225
(5)
5 66
Var| 4—= |=25x——
(©) ar( Yj 7225 M
= 0 —().2283... awrt 0.228 Al
(2)
Notes Total 12
(a) M1 For _[f(x)dx ignore limitsand =0.5
Al Forcorrectintegration  ignorelimitsand =0.5
For substitution of limits leading to a correct equation oruse of 2.1645 or
M1
2.1655
M1 Solving the equationleadingtom?=...
or substitution of both 2.1645 (= 0.499891) and 2.1655 (=0.500273)
Al* | ;i =416—-+128 0r0.499..<m<0.500..leading to the given answer
(b) M1 | For Hf(y)dy Ignore limits

dM1 | Dep on previous M1. For substitution of limits into integrated expression

M1 | For J.ﬁf(y)dy Ignore limits




dMi

Dep on previous M1. For substitution of limitsinto integrated expression

2
A1* | DeponallMmarks. Foruse of E(%)—[E(%D leading to the given answer
(c) M1 | Foruseof 5°Var(1)
Al awrt 0.228
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