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General Marking Guidance

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

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

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

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

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

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

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

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



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

. The total number of marks for the paper is 75.
. The Edexcel Mathematics mark schemes use the following types of marks:

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

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

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

. 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:

e bod - benefit of doubt
ft — follow through

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

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

e isw - ignore subsequent working

e awrt - answers which round to

e SC - special case

e o0e - or equivalent (and appropriate)
e d... or dep - dependent

e indep - independent

e dp - decimal places

e sf — significant figures

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

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

. 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 all but 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 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+0), vvhere| pCI| :|C| leading to x = ...
(ax* +bx+c) = (mx+ p)(nx+q), where|pg| =|c| and |mn =|a| |eading to x = ...

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

Solving x* +bx+c=0: (Xt2)°+qtc, =0 leading to x = ...

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 term increased by 1 (x" — x"*!)

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

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
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 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 your team
leader for advice.



?\Iﬁzttl)gp Scheme Marks
1 .[len(Sx)dx=x2 In(3x)—JE><x2 dx M1
X
= .. +..X dMm1
X2
X2 In(3x)—? Al
9 1
9In9—§—(ln3—§]:17ln3—4 ddM1Al
(5 marks)

Mark positively in this question and do not penalise poor notation such as a missing “dx” or
spurious integral signs, “+ C” etc. as long as the intention is clear.

M1:  Attempts integration by parts the right way round achieving ...x* In (3x)i...jlx X2 dx
X
(You do not need to be concerned how they arrive at this)
You may see an attempt at the “DI method” e.g.
D I
+ In(3x) 2X

XZ

> |

but the same condition applies e.g. they must reach ...x* In(3x)i...f1x x? dx which may be
X

implied by e.g. IZX In(3x)dx =...x*In(3x) £...x*
(In such cases, this mark and the following mark will be scored at the same time)

Condone e.g. ...In3x.x* J_r...jlx X2 dx
X

dM1: For ..x° In(3x)i...f1x x? dx=...+...x*. Depends on the previous method mark.
X

2 2
Al: Fully correct integration: x? In(3x)—x? or unsimplified equivalent e.g. 2{% X2 In(3x)—XZ}with

or without a constant of integration.

Any necessary brackets must be present unless they are implied by subsequent work.
2 2 2

Condone e.g. In(3x).x> _X? but not e.g. In(3x3)—X? unless In(3x).x —X? is seen first.

ddM1: Substitutes in the limits 3 and 1 into an expression of the form ax? In(3x) + #x* and subtracts

the correct way round. Condone missing brackets e.g. 9 Ing—g— In3—%

Condone slips in substitution provided the intention is clear.
They may work on each term separately e.g.

{XZ ln(3X)—X—22} = [X2 ln(3X)]f {)ﬂ =9In9- |n3_[%_%j

It is dependent on the two previous method marks.
Al: 17In3-4 Following correct work. Condone 17In3+—4




Note: A common slip is to differentiate In(3x) to obtain 3ix leading to :
IZxIn(3x)dx =x° In(3x)—J3i>< X dx
X

2 2P
=X In(3x) - 2= | X In(3x) - = :9|n9—9—(|n3—1j=17|n3—f
6 6 |, 6 6 3

and this scores a maximum M1dM1A0ddM1A0

Note: A common incorrect approach is to integrate in the wrong way round with various incorrect attempts to
integrate In(3x)e.g.

j2xln(3x)dx = ﬁ—fidx etc.
3X 3X

This generally scores no marks.



Alternative by substitution u=3x

eg. u= 3x:>J.2xIn 3x)dx = J'ZuInUX%du

M1
=—u| __I_X du

dMm1
1u Inu—zxu— Al
9 9 4
x=1,3=u=39
9 ddM1A1

9In9———(|n3—1j:17ln3—4
2 2

M1:

dM1:

Al:

Attempts integration by parts the right way round achieving ...u” In (u)J_r...-‘-lxu2 du
u

2
Condone e.g. =£In u.u® _2 u—><1du
9 9) 2 u

For ..u° In(u)i...flxu2 du...*...u*. Depends on the previous method mark.
u

2
Condone e.g. 1In u.u’ _Z.w

. . . o1 2 U’ e .
Fully correct integration for their substitution: §u2 Inu —§><u7 or unsimplified equivalent e.g.

2

S{; u?lnu _UZ} with or without a constant of integration.

2 2 2
Condone e.g. 1In u.u’ _2u but not e.g. lIn u3—gxu— unless 1In u.u’ _2u is seen first.
9 9 4 9 9 4 9 9 4

Any necessary brackets must be present unless they are implied by subsequent work.

ddM1: Substitutes in the limits 9 and 3 into an expression of the form au? In(u) + Bu® or reverts back to

Al:

x and substitutes in the limits 3 and 1 and subtracts the correct way round.

Condone missing brackets e.g. 9In9—%—ln3—%

Condone slips in substitution provided the intention is clear.
They may work on each term separately e.g.

27° 9 N
1 U Inu— =[1 2Inu} L. :9|n9_|n3_(g_1)
9 18| |9 . 18], 2 2

It is dependent on the two previous method marks.
17In3-4




Alternative by substitution u = In(3x).

e.g. u=In(3x) :IZxIn(Bx)dx =J§e“u x%e”du :gfuezudu

M1
= lueZLI —ij'ez”du
9 9
=..+..e% dM1
l 2u 1 2u
~ue® ——e Al
9 18
x=1,3=u=In3, In9
1 ddM1A1l

9In9—g—(ln3——J=17ln3—4
2 2

M1: Attempts integration by parts the right way round achieving ...ue* i...jezudu
dM1: For ..ue* J_r...jez“du: ...+..e* . Depends on the previous method mark.

2u

Al: Fully correct integration for their substitution: %ue2u —%e or unsimplified equivalent e.g.

é(% ue® — % e j with or without a constant of integration.

Any necessary brackets must be present unless they are implied by subsequent work.
ddM1: Substitutes in the limits In 9 and In 3 into an expression of the form aue® + Se® or reverts

back to x and substitutes in the limits 3 and 1 and subtracts the correct way round.

Condone missing brackets e.g. 9In9—%—ln3—%

Condone slips in substitution provided the intention is clear.
They may work on each term separately e.qg.

In9 In9 In9
Fuezu—iez“} =Fue2"} —{iezu} =9In9—|n3—(g—lj
9 18 In3 9 In3 18 In3 2 2

It is dependent on the two previous method marks.
Al: 17In3-4




Question Scheme Marks
Number
2(a) dqv M1
v 3% (B1on
X EPEN)
dx. dx dv 5
kAR o dM1A1
dt dv dt 3x°
(©)
Alternative 1
Todx 1,2 M1
—y3 —\/3 N _T\y 3
V=x=x=V :>dV 3V (B1on
EPEN)
dx dx y dv 5 5
T oAy ar T 2e2 dM1A1
dt dv dt Wg 3x?
Alternative 2
M1
d—V:5:>V:5t+c (Blon
at EPEN)
3 3 2 dX
V=x"=x"=5t+c= 3x EZS
or dMm1
V=x}=x*=5t+c=3x° :5£
dx
dx 5
2o 2 Al
dt  3x?
(b) *_ 5 _5 M1Al
dt  3x4> 48
(2)
(5 marks)
Note this is now being marked as M1dM1Al not BIM1A1l
@) Ignore any units associated with any of the expressions/values in this question.
M1: Differentiates V = x* to obtain (jj_v =..x* (seen or implied)
X
dM1: Attempts to use & :d_xxd_v or equivalent e.g. v = %xd—v with their v and d—there
dt dv dt dt dt dx dx
(31_\; = kx* and O(lj—\: is a constant to obtain an expression of the form % oe.
May be implied by their working.
Depends on the previous mark.
Al: dx =— orequivalent e.g. Ex‘2 or 5Xi2. Apply isw once a correct expression is seen.
dt  3x 3 3X




Alternative 1:
1

_2
M1: Differentiates x =V 3 to obtain 3—\);:...\/ 3 (seen or implied)

dM1: Attempts to use dx :d_xxd_v or equivalent e.g. v = %xd—v with their dx and d—vwhere
dt dv dt dt dt dx dv

dx 2 dv . . . a

v =kV 3 and o is a constant and changes back to x to obtain an expression of the form =z

oe. May be implied by their working.
Depends on the previous mark.

Al: dx = iz or equivalent e.g. §x‘2 or 5><i2. Apply isw once a correct expression is seen.
dt  3x 3 3X
Alternative 2:

M1: Uses (il_\t/ =5 and integrates wrt t to obtain V =5t +c or V =5t

dM1: Replaces V with x* and differentiates wrt t or wrt x to obtain axz%zﬂ or ax’ :ﬁj—i
Depends on the previous mark.

Al: dx = iz or equivalent e.g. Ex’2 or SXLZ. Apply isw once a correct expression is seen.
dt  3x 3 3X

(b)

M1: Substitutes x = 4 into their expression for 3—1(

Al: % or the exact equivalent. Ignore any units, correct or incorrect, and just look for the value.

Do not allow e.g. 0.104... unless the correct exact value is seen previously, then apply isw.




Question Scheme Marks
Number
3 dy .y v v —
8y&—xe —>J.8ye dy—Ix dx Bl
2 X2
4e” == (+¢) M1A1
52
4="_4c=cCc= dM1
8
(5 marks)
B1l:  Separates the variables correctly with some indication of integration.

M1:

Al:

dM1:

Al:

Allow any correct separation e.g. 8J. yyz dy =Ix dx, Iyeyzdy :%Ix dx, J-%dy :J.g dx
e e

Award for any of the above with at least one integral sign. If there are no integral signs then

there must be an attempt to integrate at least one side.

Condone the omission of dx or dy as long as the intention is clear.

For integrating ...yeyz correctly to obtain &

May be implied by a substitution e.g. u=y* = I8yey2dy = Jg—ye“du =4e" (+c)
y

Incorrect attempts to integrate ...yey2 e.g. by parts will generally score no more marks.

Fully correct equation with or without a constant of integration e.g.
2 2

4" =X? (+c), 8eY = x? (+c), ¥ =XE (+c) etc.

Depends on the first method mark.
Substitutes in y=0 and x =5 and proceeds to find a value for c.

2 —
Correct equation: y? :In[X 817J oe e.g.

y’ = In(%z—%j, y’ = In%(x2 —17), y* = In(x2 —17)—In8 etc.

2

2 —
Brackets must be present if necessary e.g. in y* = In(%—%} but notine.g. y*=In X 17

8

Apply isw once the correct answer is seen.




%ﬁ;}gp Scheme Marks

4(a) ! z
42(1+%xj2 B1

(1+gxf_1+(1j[§xj+w(§x);@(2)(3)@:_, i

2)\ 4 2! 4 3! 4
. 1
22142 | 224 2x-D2xe 4 1204 AlAl
4 4 64 512
©)
(a)
1 1 1 1
B1l:  Obtains 42 (1+...x)2 ore.g. 2(1+..x)2 ore.g. \/Z(1+...x)2 which may be implied by

subsequent work.
1

M1: Attempts the binomial expansion of (1+ kx)i to get the third or fourth term unsimplified with
an acceptable structure.

The correct binomial coefficient must be combined with x* or x> which may be unsimplified.
1(1_1 1(1_1)(1-2
Look for —Z(ZI )...x2 or 3(:-9(G-2)

2l ...x> 0.e. (you do not need to be concerned with their

% which may be 1 or e.g. if they have a negative sign in front of the whole term)

1

1
Do not allow notation suchas | 2 |, | 2 | or %Cz, %CS unless interpreted correctly in further work.
2) (3

May be implied by correct coefficients with x* or x*

Al: Correct third or fourth term unsimplified for (1+%sz e.g. with the correct sign.

M(EXJZ } @(ﬂ(ﬁ]@f

21 4 3! 4

- 5 5 N
Do not condone missing brackets e.g. " x* or ZX3 unless they are implied by subsequent work.

Al:  Two correct simplified terms of gx, —Ex2 12—5x3 which may be listed.

64 ' 512

Condone %xl for this mark.

Condone coefficients given as decimals e.g. 1.25x, —0.390625x°, 0.24414...x°
Al: 2+ % X —g X2 +% x* which may be listed and isw once a correct answer is seen.

Condone coefficients given as decimals e.g. 2+1.25x —0.390625x* +0.244140625x°

. 2
Do not condone %xl for this mark and do not condone ...+——5 X2 +...

1
Note that if their “42” is incorrect they can score a maximum of BOM1A1A0AQ




(a) Alternative by direct expansion:

1 1

(4+5X)E = 4% +(%j4_; (5x)+w4_2 (5)()2 n (%)(2 _1)(%_ 2) 4‘2 (5X)3 .

1
Bl: For42+..or J4+.. or 2+..

1
M1:  Attempts the binomial expansion of (4+5x)§ to get the third or fourth term unsimplified with
an acceptable structure.
The correct binomial coefficient must be combined with x* or x* and the correct power of 4
which may be unsimplified.

1(1_17) .3 1)(1_1)(1-2) 5
Look for 2(22—|)4 2..x% or (2)( ?(2 )4 2..x* 0.e. (you do not need to be concerned

with their 5 which may be 1 or e.g. if they have a negative sign in front of the whole term)

1) (1
Do not allow notation suchas | 2 |, | 2 | or %CZ, %Cs unless interpreted correctly in further work.
2) (3

Al: Correct third or fourth term unsimplified e.g.

G, gy or DO g

Do not condone missing brackets e.g. 5x* or 5x° unless they are implied by subsequent work.

Al:  Two correct simplified terms of gx, —Ex2 12—5x3 which may be listed.

64 ' 512

Condone %xl for this mark.

Condone coefficients given as decimals e.g. 1.25x, —0.390625x°, 0.24414...x°
Al: 2+§x—§x2 Jr%x3
4 64

Condone coefficients given as decimals e.g. 2+1.25x —0.390625x* +0.244140625x°

which may be listed and isw once a correct answer is seen.

5 ] 25
Do not condone le for this mark and do not condone ...+ —==x2+...

Any attempts to use a Maclaurin series should be sent to review.




(b) 4
X Fr - Bl
| 5
(1)
©) 5 25 , 125
X=X ==X
4 64 512 Bift
(1)
(©)(i) 25 25 25
MMM I - R =4 - =X M1A1
64 64 32
(2)
(9 marks)
(b)
B1: |x ” g or |x|< g or accept strict or non-strict inequalities at either end e.g.
4 4 4 4 4 4 4 4 4
—— <X =, ——,, X<—, ——<X,, —, =>X>——, X>——andx<—
5 5 5 5 5 5 5 5 5 5
. . (44][44}{44)(44}
or interval notatione.g. |——,=1|,|—=, = |, |-—=, = |, | —=, =
5 5 5 5 5 5 5 5
(©)()
B1ft: —%x—gx2 —%x3 (follow through their (a))
For their A+ Bx+Cx*+Dx’ in part (a) they must obtain A—Bx+Cx*—Dx® where A, B, C and
D are non-zero for this mark even if they make a re-start.
(c)(ii)
M1: Adds their A+ Bx+Cx* + Dx® from part (a) to A—Bx+Cx*—Dx® to give a+bx? or obtains
values for a and b.
May be implied by their answer/values if no incorrect working is seen.
Al: Caoand cso 4—§x2 0.6. e.g. 4—@x2 Allow 4+—§x2
32 64 32

This must follow fully correct work in (a) and (c).
Apply isw once the correct answer is seen.




Question Scheme Marks
Number
5 ay? ey Y M1
dx
e —>(y+ xd—yjeXy oreg. e —»ye¥+ xd—yeXy M1
dx dx
2+8yd—y:3(y+xd—yjeXy Al
dx dx
9 dy dy 4
2=3x-x-L=-2=—
* 2 * dx = dx 27 it
y—i(x—gj:>4x—27y—18—0 dM1A1l
27 2
(6)
(6 marks)
M1: Differentiates 4y* to obtain yg—i

M1:

Al:

M1:

dM1:

Al:

Differentiates 3e™ to obtain ...(y+xj—yjexy or equivalent.
X

Do not condone missing brackets unless they are implied by subsequent work.

Fully correct differentiation 2+ 8yg—y = 3(y + xg—yjexy or equivalent.
X X

Condone e.g. =""is their intention to

dy = 2+8yd—y = 3[y+ xd—yjeXy where the gy
dx dx dx dx

differentiate.
dy

Substitutes x = % and y = 0 and proceeds to find a value for
X

dy

dx

If no substitution is seen then their value must be correct for their
Must be a constant but may be in terms of e or may be a decimal.

Xy
dy the subject first e.g. dy _ 3ye” -2
dx dx 8y-—3xe”
You do not need to be concerned with the details of the rearrangement.

It is dependent on having exactly two gy
X

Note that they may attempt to make

terms so if they had e.g.

dy _ 2+8yd—y = 3(y+ xg—yjexy and use all 3 g—y terms, this scores MO
X

dx dx X
Uses their gradient at (% Oj with x = % and y = 0 with the values correctly placed, in a correct

straight line method for the tangent at P. Their gradient must be non-zero and must exist so do

not allow methods leading to e.g. % where « is then used for the gradient.

If they use y = mx + c, they must reach as far as a value for c.

It is dependent on the previous method mark.

cso 4x—27y—-18=0 or any integer multiple of this equation.

Note that incorrect differentiation can lead to the correct gradient and the correct answer so this
mark must follow correct work and all previous marks must be awarded.




Question Scheme Marks
Number
6(2) ﬂzﬁcostx 1_ :kC(_)St M1
dx —8sint sint
dy__3 ot(ﬁj?ﬁ dM1A1
dx 4 3 4
(©)
Mark (a) and (b) together.
(a)
M1: Attempts to differentiate both parametric equations to obtain (;—)t( =..sint and 3—){ =...cost and

dy dyxﬂ or equivalent e.g. dy dy dx
dt dx dx dt dt
Note that this may be done numerically e.g.

—85|nt——4J_ %[/ 6cost—3:>d—y 3x

dx —4\/_
dy

dM1: Substitutesin t = § and proceeds to find a value for ™ which may be implied.
X

attempts —=

Depends on the previous mark.

N

. 3
Al: —— from fully correct work or any exact equivalente.q. - ——.

Isw once a correct answer is seen.




(b)

(6,3\/§—3) B1B1
3 4
S AN B1ft
4 3
y—3J§+3=i3(x—6)
or M1
y:ix+c:>—3J§+3:ix6+c:>c:(—3—5\/§)
V3 V3
4
When y=0 —3\/§+3=— X—6)=>x=.. M1
y J§( ) d
15+3
( +\/§,0J Al
4
(6)

(b)
B1:

B1:

B1ft:

M1:

dM1:

Al:

One of x=6, y:3\/§—3
For both coordinates correct for P: x=6, y= 3J3-3 or e.g. (6, 3\/5—3)

Note that the above B marks may be implied and may be seen embedded in their attempt at the
equation of normal and can be scored if seen anywhere in their solution.

43

Gradient of the normalto C at P is 4 oe e.g. TS (follow through from (a)) and can be scored

NE)
anywhere in their solution.
Attempts the equation of the normal with values correctly placed using

their coordinates for P which have come from substituting t :% into the parametric equations

a changed gradient from that found in (a)
If using y = mx + ¢ they must proceed to find a value for c.
If candidates use P in terms of t e.g. x=8cost+2 and y =6sint—3 in their normal equation

then this mark will only score at the point they substitute t = %

The first 2 B marks may also be implied if the x and y coordinates can clearly be implied or seen
as x = 6 and/or y =3v/3—3 you may need to check.

Substitutes y =0 into their equation of the normal and proceeds to find a value for x.

It is dependent on the previous method mark.

Note that attempts to solve 6sint—3=0 score MO

15+3J§, O] or X= 15+43\/§ 0.e.e.g.

Correct coordinates or correct value of x (

X = 9 +15\/§ 9\/§+45 , %(5+ \/5) and isw once a correct answer is seen.

M3 12
EE]
"3

Allow unsimplified e.g. X = (5J§+3)




(c) x=8(:05t+2:cost=xT_2 y=68int—335i”t=y23 Mi
2 2
(x-2) +(y+3) 1 Al
64 36
(2)
(11 marks)

(©)

M1:

Al:

Attempts to rearrange either of the parametric equations to obtain cost or cos®t in terms of
x or sint or sin’t in terms of y which may be implied by their working.
You can condone slips as long as the intention is clear e.g.
2
X°—4

X =8cost+2 = x*> =8c0s’t+4 = cos’t =

Also condone an attempt to obtain cost or cos’t in terms of x or sint or sin®t in terms

. N . . .. . X—2
of y if they have errors in trig identities but the intention is clear e.g. sin®t :1_T

. 2 2 . 2 . 2
(x=2)" OV*+3) 45 eq y=6 1—()‘—2) _3oreg. y=+6 1—("—2] -3
64 36 8 8

There will be many different alternatives. Once a correct equation is seen, award the A mark and
apply isw.




Question Scheme Marks
Number
7
@ U _ g B1
dx
1
24 = 1-2
J‘24ex—2 . (“2) L du M1
(2¢ -1)° (2u)? (u +1j
2
24u+12-2 2 48u+ 20 12u+5
= 7 X du=| ———-du=| ———0-0 Al
(2u) 2u+1 4u”(2u+1) u“(2u+1)
x:In3—>a:§, x:ln8—>b:E Bl
2 2
(4)
@ Note that apart from the limits, this is a given answer so check the work carefully.
B1l:  Any correct equation connecting dx and du e.g.
d—u:ex, %=i du =e’dx, 1=exd—x, dx=d—u, dx=d—u etc.
dx du e* du " usl
2

M1: A full attempt to substitute u =e* —% proceeding to an expression in terms of u only (which

is not the given answer). Condone slips such as a poor rearrangement of du =e¢” but it must
X

include an attempt to replace dx with a function of u.
Al:  Achieves the given integral with sufficient and no incorrect working seen including invisible
brackets. You can ignore any limits for this mark.
There must be at least one intermediate line of working following the stage at which they obtain
their integral totally in terms of u. This may be seen in “side-working”.
You can condone e.g. a missing “du” in the working as long as it is present in the final answer.
B1:  Correct limits seen at any stage and they do not need to be seen attached to the integral but if
there is any contradiction, the limits attached to the integral take precedence.

Note that an example of minimum acceptable work for the first 3 marks in (a) could be:

dx - u®(2u +1)

24[u+t|-2
du [ 24e"-2 ( +2j du 24u+10  du 12u+5
e, [ 2272 gy )« _ -
(2 -1) (2u) (‘”lj u? Lt
2

2




(b) 12u+5= A(2u+1)+Bu(2u+1)+Cu?= A=..or B=...orC=...
ore.g. M1
12u+5=(2B+C)u’+(2A+B)u+A=A=..or B=..or C=...
2of: A=5B=2,C=-4 Al
5 2 4
U (u+l) Al
®)
(b)
M1: Attempts to find at least one of the values for A, B and C by multiplying up and substituting

values or by multiplying up and comparing coefficients.
When multiplying up must have at least one of the terms on the rhs correct for their Ihs.

Al: Twoof A=5B=2,C=-4
Al: Correct fractions: %4—2— 4 oe. Allow %+2+— 4
u” u (2u+) u® u  (2u+l
If the correct fractions are not seen in part (b), allow this mark to score if the correct fractions
are seen in part (c).
© 5 2 4
-1
J—2+—— du=-5u"+2Inu-2In(2u+1) (+c) M1A1ft
u® u (2u+l
[—SU‘1 +2Inu—2In(2u +1)}:z
=(-5x7.5"+2In7.5-2In(16)) - (-5x 25" +2In25-2In(6))
or
-1 In8 dMl
x 1 x 1 x 1
-5/e*—=| +2Inje"—=|-2In(2| " —= |+])
2 2 2 -
=(-5x7.5"+2In7.5-2In(16)) - (-5x 25" +2In25-2In(6))
ﬂ+ In (gj Al
3 64
(4)
(11 marks)
(©)
M1: Integrates either — —...Inku or —...Ink(2u+1)
u (2u+1)
Alft: —5u"+2Inu—2In(2u+1) oe following through on their non-zero A, B and C from part (b).
Allow unsimplified.
dM1: Substitutes in their changed limits from part (a) or transforms back in terms of x i.e. In3 and In8
and subtracts either way round.
Depends on the previous method mark.
Al: i+ In(gj or equivalent in the required formi.e. p+Inq

3




Question Scheme Marks
Number
8(a)(i) +((3i+4j—6k)—(2i - j+5kK)) M1
=i+5j-11k Al
()| eg.r=2i—j+5k+A(i+5j-11k) or r=3i+4j—6k+1(i+5j-11K) oe. | Alft
(3)
()
(1)

M1: Attempts to find the difference between the two vectors either way round.
The expression e.g. ((3i+4j—6k)—(2i—j+5k)) is sufficient.
If no working is shown, it may be implied by 2 correct components of +(i+5j-11k) or e.g.

+(1, 5, -11)
1 1 i
Al: i+5j-11k o.e.e.g. 5 | and condone 5 but not 5j | and not (1, 5,-11)
-11 -11 -11k
But allow this mark once a correct form is seen.
(ii)
Alft: Any correct vector equation for the line following through their AB but must follow M1.
Must include “r =" (not e.g. “l =) and allow any parameter.
2 1 3 -1
eg.r=|-1|+A| 5|oreg.r=| 4|+ul -5
5 -11 —6 11
2 i i
Donotallowe.g. r=| =1 |+t| 5j | unless the notation 5j | has already been penalised
5 -11k -11k
on the previous A mark and this is the only error in their notation.
2 1 2 1
Donotallowe.g. I=| -1 |+A| 5 |oreg.l:|-1|+A] 5
5 -11 5 -11
2 1

Butcondone l:r=| -1 |+A| 5
5 -11




(b)

CA=(2-p)i-5j+6k CB =(3- p)i-5k M1

(2-p)3-p)-30=0 dm1
=6-5p+p’—-30=0= p*-5p-24=0=p=... ddm1

4)

) [CA|=/(2-8)" +(-5)?+6> or  [CB|=1/(3-8)" +(-5)’ M1
‘ﬁ‘:\/ﬁ or ‘@‘:@ Al

Area of triangle = %x‘ﬁ‘ x ‘@‘ = %x J50 x /97 = awrt 34.8 units?

or e.g. dMlAl
lx‘c—A‘x\E\sin BAC = 1><\/%>< 147 sin| cos™® V50 — awrt 34.8 units?
2 2 J147
4)
(11 marks)

(b) Allow all marks in (b) for correct work using +CA and/or +CB

M1: Attempts to find either +CA or +CB using subtraction.
If no working is shown, it may be implied by 2 correct components.

dM1: Depends on the previous method mark.
Attempts both +CA and +CB using subtraction and attempts the scalar product between their
+CA and their +CB and sets = 0 to obtain +(2— p)x+(3—p)+k =0 where k =0

ddM1: Depends on both previous method marks.
Multiplies out, collects terms and attempts to solve their three term quadratic (usual rules apply
— see general guidance). May be implied by correct roots for their 3TQ.

Do not condone work where they lose or ignore their k.
Al: Correctvalues p=-3, p=8

(©

M1: Uses at least one of their values of p from part (b) (which may be negative) and attempts ‘@\‘ or
‘ﬁ‘ using Pythagoras. May be implied.

Al:  For ‘@‘ =497 or ‘ﬁ‘ =+/50 seen or implied.

dM1: Depends on the previous method mark.

Attempts to find the area of the triangle using a correct method e.g. %xtheir‘C—A‘xtheir‘@‘

It is dependent on the previous method mark and it is dependent on having used a positive value
for p.

If they use a less direct method e.g. %x‘ﬁ‘x‘ﬁ‘sin BAC then it must be a correct method,

including an attempt to find ‘E‘ using Pythagoras.

Al: awrt 34.8 This answer and no others. Do not allow for exact answers.
If they use the other value of p and give another area which is not rejected, score A0




For reference:

Note that other methods may be possible in (c) for the area e.g. using a vector product:
p=8=CA=—6i-5j+6k, CB=-5i-5k
i j kK 25
CAxCB=|-6 -5 6|=| 60
-5 0 -5 (-25

Area of triangle = %\/252 +60% +25* =34.8

Score as:

M1:  Attempts the vector product between 2 appropriate vectors e.g. CA and CB
May be implied by 2 correct components.
Al:  Correct vector

dM1: Attempts %xthe magnitude of their vector
Al: Forawrt 34.8



Question Scheme Marks
Number
9(a) " » 1Y
Volume :144;;} X3 gxoreg x| [12[ 22 )| ax B1
o X“+3x+5 X°+3x+5
0
2 20
1447 In(x +3x+5)]0 M1
=1447(In465—In 5)=1447zln93(units3) dM1Al
(4)
(a)
B1l:  Correct integral for the volume of R which may be simplified or unsimplified.

M1:

dM1:

Al:

The 144 (or 12%) and the 7 and the limits 0 and 20 must be present or implied by subsequent
work. Condone the omission of “dx”.

20
27r><l44j ﬂ dx scores BO

o X*+3X+5
Integrates 22X—+3 to obtain ...In(x2 +3x+5)
X +3X+5
Condone missing brackets e.g. ...In x> +3x+5
2X+3

Condone poor notation e.g. 14477I 5
X°+3x+5

dx = -.-1447r[ln (x2 +3X+ 5)]zodx
2X+3

This may be implied by substitution e.g. u=x*+3x = J2—
X°+3Xx+5

dx=...In(u+5)

or u=x> +3x+5:>f22X—+3dx:...lnu
X°+3X+5

Substitutes 20 and 0 into their expression of the form ... In (x2 +3X +5), subtracts either way

round and proceeds to find an exact expression for the volume e.g. 1447z(ln 465—In 5)
If they use substitution, the limits must be correct for their substitution e.g.
U=x*+3x=u=0, 460 ore.g. u=x*+3x+5=u=5, 465

Do not allow e.g. 1447z(ln 465—0) i.e. no evidence of the use of the lower limit.

Depends on the previous mark.
1447In93 (condone lack of units)

Note if 7 is missing throughout in (a), a maximum of BOM1dM1AQ is possible.

Example working if a substitution is used e.g.

U=y 13x+5= U oy 131447 405

dx

IZHB X 144x]Inu]
u 2x+3 °

14472(In465—In5)=14471n93




(b)

1447z[|n(x +3x+5)} — 3607

:>1447z(ln465—ln(p +3p+5)):3607z
ore.g.
Let p=20-a: 1447z[ln(x2+3x+5ﬂ20 =3607

20-a
= 1447 (In465-In((20-a)’ +3(20-a)+5)| = 3607
ore.g. M1
20-a
1447 | In(x* +3x+5) |~ =14471n93-3607
=>1447(In((20-a)’ +3(20-a) +5) - In5) =147 In 933607
or e.g.
1447[ In(x +3x-+5) | =1447In93- 3607

:>1447r(ln(p +3p+5 —|n5) 1447 In93—3607

5 465 ) 5 465
—=1INn —
p’ +3p+5 p° +3p+5

5

— p?+3p+5-465¢ 2=0=p=...

ore.g.
In a®—43a+465 _ 14471n93-3607
5 144
2 1441n93-360 1441n93-360 dm1
:%:e( ) 74304 465-50 W ) —0ma-..
or e.g.
n p?+3p+5) 1447In93-3607
5 144
p2 +3p+5 (144|n93—360j (144"193—360]
== W )= p*+3p+5-5 ™ '=0=p=..
a=awrt 15.5 Al
3)
(7 marks)

(b)
M1:

dM1:

20
Sets an expression of the form ...[In (x? +3x+5)] equal to 3607 and substitutes in the limits
P

20 and p (or any other letter — condone a) and subtracts either way round.
20-a
Alternatively sets an expression of the form ...[In (x? +3x+5)]0 ore.g. ...[In (x*+3x +5)]:

(or any other letter — condone a) equal to 360 — their answer topart (a) and substitutes in the

limits 20 —a and O or e.g. 0 and p and subtracts either way round.

For this mark, their method, if executed correctly would either lead directly to the value of a or
would enable a to be found by e.g. a = 20 — their value.

Depends on the previous mark.

Removes Ins, rearranges to form a three term quadratic and attempts to solve, proceeding to

a value for p. In the alternative method this mark is scored for proceeding to find a value for




Al:

a. The usual rules apply for solving their 3TQ although this is most likely to be done on a
calculator so you may need to check.

cao awrt 15.5 with or without units

Note that if they find “p” first then then need to find 20 — “p” to obtain the correct value of a.
For reference, “p” =4.45143.....

Examples in (b) that score no marks:
2 P
1447 In(x* +3x+5) | =360z
1447 [Inu]” " = 3607
(Having substituted u=x*+3x+5 in (a))

Example of correct working if a substitution is used e.g. U= x> +3X+5

465
p2+3p+5 3607

5 465 3__ 465
S Y R N L
2 (p*+3p+5 Pr+3p+s

or e.g.
(20-2)+3(20-2)5 _ 9 44 7 In 93— 3607

5

Let p=20-a: 144z[Inu]

1447(Inu]
=1447(In((20-a)’ +3(20-a)+5)~In5) =147 In93-3607 etc.

For reference:

3607

"1447In93"-3607

v

A
A 4
A

4.45... 155..




Bl1:

M1:
Al:
dM1:
Al:

Question 10

Note that there are many different ways to answer this question.

General Guidance:

For setting up the correct contradiction.
It must include a word/words such as “assume” or “let” or “if” and p*—4q+2=0

As a minimum accept just “assume/let/if p>—4q+2=0"

Attempts to make p? the subject.
Makes a correct deduction following correct work.
Continues the argument/algebra that will lead to a contradiction.
For a fully correct proof.
Requires

all previous marks scored

no incorrect assumptions/statements
correct calculations/algebra

a reason: e.g. 2q—2k* =1 is not true

E.g. hence p?—4q+2#0, hence proven, QED, etc. but not just “contradiction”



Question
Number

Scheme Marks

10

Main

Assume that p®>—4q+2=0 B1

p*=49-2 M1

p’ =49-2(=2(29-1))

5 . . Al
So p® isevensopiseven oee.g.so p=2k

If p=2k thene.g. 4k* =4q—2
or e.g.
2k* +1
2
ore.g. dm1l
2q-1
2

4k2:4q—2:>q=k2+%or e.g.q=

4k2:4q—2:k2:q—%or e.g. k? =

or e.g.
Let 4k* =49—2=2q—-2k* =1

4k? is a multiple of 4 and 4q -2 isn’t a multiple of 4
or e.g.
q=k* +% which is not an integer
or e.g.
k?=q —% which is not an integer Al
or e.g.
2q—2k* =1 which is not possible

So p*-4q+2+0

(5 marks)

Way 1

M1:
Al:

dM1:

Al:

For setting up the correct contradiction.

It must include a word/words such as “assume” or “let” or “if” and p*—4q+2=0

As a minimum accept just “assume/let/if” p>—4q+2=0"

Rearranges p°—4q+2=0 to obtain p* =+4q+2

Correct deduction for p following correct work.

It is not necessary to factorise 4q—2 but if they do it must be correct.

It requires e.g. both p? is even and so p is even oe e.g. so p =2k or any other letter but not

p=2qorp=2p

Depends on the previous method mark.

For attempting to use the fact that p is even to obtain a contradiction e.g. uses that as p is even
p = 2k and substitutes into the equation to obtain e.g.

4k* =4q-2 or q=k? +% or k? :q—% or 2q—-2k* =1
Fully correct work with all previous marks scored that includes
e An explanation why there is a contradiction
e A (minimal) conclusion e.g. “so p>—4q+2=0”, QED, “proven”, v’

Must follow all previous marks and there must be no incorrect statements/algebra in their
proof.




An odds/evens approach:

Alt Assume that p>—4q+2=0 B1
Evens: Let p =2k, (2k)2 -4q+2=0
or M1
Odds: Let p=2k+1, (2k+1)'—4gq+2=0
Aq=4k*+2= 4(k2 +%) which is not a multiple of 4
oee.g. 4k®+2 is 2 more than a multiple of 4
or Al
4q=4k* +4k +3= 4(k2 +k +%j which is not a multiple of 4
oe e.g. 4k*+4k+3 is 3 more than a multiple of 4
Evens: Let p=2k, (2k)'—4q+2=0
and dm1i
Odds: Let p=2k+1, (2k+1)"—4q+2=0
4q=4k?+2= 4(k2 +%) which is not a multiple of 4
oe e.g. 4k?+2 is 2 more than a multiple of 4
and Al
4q=4k* +4k +3= 4(k2 +k +%j which is not a multiple of 4
oee.g. 4k*+4k+3 is 3 more than a multiple of 4
p°—4q+2#0
Alt
B1l:  For setting up the correct contradiction.
It must include a word/words such as “assume” or “let” or “if” and p®—4q+2=0
As a minimum accept just “assume/let/if> p*—4q+2=0"
M1: Attempts p>—4q+2=0 with p even e.g. p = 2k or equivalent.
or attempts p® —4q+2 =0 with podd e.g. p = 2k + 1 or equivalent e.g. 2k — 1
Al: Correct algebra and deduction for odds or evens
dM1: Depends on the previous method mark.
Attempts p>—4q+2=0 with p even e.g. p = 2k or equivalent.
and attempts p>—4q+2=0 with p odd e.g. p = 2k + 1 or equivalent e.g. 2k — 1
Al: Fully correct work with all previous marks scored that includes

e Correct arguments for both odds and evens

e A (minimal) conclusion e.g. “so p>—4q+2=0”, QED, “proven”, v
Must follow all previous marks and there must be no incorrect statements/algebra in their
proof.




Special case:

Assume that p* —4q+2=0
p*=4q-2

/ 1
p:4/4q—2 =>p=2 q—E
On its own scores BIM1AOdMOAO

The B1ML1 score as in the general guidelines.
To score any further marks, they would need a complete proof showing why 2 /q —% cannot be an

integer.

See supplementary document for some example responses and suggested marking.
If a response has a mix of approaches, mark the attempt that gives the most credit.

If you are in doubt if a particular approach deserves credit then use Review.
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