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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 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. 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 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 EdexcelMathematics 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 fwill be usedforcorrect ft
e cao-correctansweronly

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

e isw-ignore subsequent working

e awrt-answerswhichroundto

e SC-gspecialcase

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

¢ indep -independent

e dp-decimalplaces

o sf-significant figures

e % -Theansweris printed onthe paperorag- 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 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
thisactionby ‘MR’ in the body of the script.

. Ifacandidate makes more than one attempt at any question:

a) Ifallbutone attemptis crossed 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

(x2 +bx+c)=(x+ p)x+gq), 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: (xi%)ziqic, q#0 leadingtox=..

Method marks for differentiation and integration:
1. Differentiation

Power of atleastone 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, 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 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 andif the
mark scheme does not cover this, please contact yourteamleader foradvice.



Question

Number Scheme Marks
l(a) -2 -2
27(3—5x)2:27xé(1—§x) 0.e.3x(1—§xj Bl
_ (5 ) (D35 (DA (5 Y M1, Al
_(3)[14—( 2)( 3x)+ X ( 3xj + 3 ( 3 j +j
=3+10x+25x" + 9 X +... Al
C))
(b) 27(3+5x) 7 =27(3+5x) " =3-10x+25x* 0, Blft
1
(© 27(3—x)_2—3+% +§—§x2+950;)3 x3:3+2x+x2+gx3+... MI1A1
X
2
(7 marks)
Alt o) (—
@) 372 +(—2)><3_3 x(—5x)+%x3_4 ><(—5)c)2 Bl M1
TE=ST=21))aya
—(3) (=5x)°
Al Al

7 1 10_x+25x +500x .
ST9 27 27 243 7

=3+10x+25x> +¥x3 +..

()

B1:

Mi1:

Al:

Al:

5 -2
Correctly takes out a factor and proceeds to 3x (1 -3 xj which may be unsimplified. May be implied

Expands (1+ loc)_2

(=2)(=3) (kx)’ or (=2)3)(4)

3
2 3! ()

k # £1 to give the correct structure for 3rd or 4th term

with or without the brackets around kx

S S . 5.7 S .
A correct simplified or unsimplified form of the expansion of (1 - gx) May be implied by their final

answer. Allow terms to be listed, which may be on different lines for this mark.

Fully correct simplified expansion =3+10x+25x> + 5;%0 X’

if they e.g. multiply through by 9

with all terms written on one line. Do not isw




Alt(a)
Bl: For the first term 27(372 +....

M1: For correct structure for 3rd or 4th terms %x 37 x(=5x)% or MB) (=5x) with or

without the brackets around —5x

A1A1: See main scheme notes

In both parts ignore earlier workings if it is a restart and just mark their final answer
(b)
» 500 5 . . . .
Blft: 3—10x+25x" — 5 " or if (a) was incorrect either score for a correct answer or follow through on their
part (a)i.e. A+Bx+Cx’>+Dx’ - A—Bx+Cx’ —Dx’

(©

MI1: Comparing their final answer line in (c) to their answer to part (a) of the form A+ Bx+ Cx” + Dx’ look for

at least two ofB—)? or C—>£ or D—>£

125

4
Al: 34+2x+x"+ §x3 which can only be scored following full marks in (a)



Question

Number Scheme Marks
2.
[%28)6—2yd—y+2xd—y+2y:0 M1 BI Al
dx dx dx =
dy
Sets a:2,:8x—4y+4x+2y:0:>y—6x:0 M1

Sub "y = 6x"into 4x° —y2 +2xy+5=0

:>4x2—36x2+12x2+5:0:>x2=%:>x:i% dM1, Al
1 1
L) (49
(2 2 Al
@)
(7 marks)

MI1:

B1:

Al:

Mi1:

dM1:

. : . dy .
Differentiates 4x° — y2 + 5 wrt x to obtain Ax + Byay (inc. 5— 0) Condone % =... at start

Sight of %(2xy):2x%+2y oee.g. 2(y+x%j

—8x-2 .
8x— 2yd—y + 2xd_y +2y=0 oee.g. L = Bx-2y oe The =0 may be implied by further work
dx dx dx 2x-2y
Sets & = 21n their differentiated function in x and y and proceeds to a linear equation in x and y.

Brackets do not need to be multiplied out. Condone arithmetical slips in their rearrangement.

T L d d
There must have been some attempt at implicit differentiation so look for at leasta ...y ay or xay

. o . . . d
term in their differentiated function — not just e.g. ay =8x-2y+2

d 1
Note: Ey =0=y=-4x= 20x2=5= x= iE scores MOdMOAOAO
Dependent on the previous method mark only. For this mark:
substitutes their y =6x or x = % into the equation of curve C to form an equation in one variable

reaches a two-term quadratic 4x> = B oe or Ay” = B oe for any values of 4 or B where AxB >0:

e.g. (4x> =36x" +12x> +5=0=) 20x° =5

2 2
e.g. [4(%) —y2+y?+5=0:>] §y2=5

but condone slips in the working. Also allow if both terms are on one side of an equation. The = 0 may
be implied by further work.

solves their two term quadratic to find a value for x or y (you do not need to be check this)

It cannot be implied by a correct value for x or y.




Al:

Al:

Either one correct pair of coordinates or both x or both y values. It must follow evidence of a two
term quadratic. If it is a pair of coordinates, condone the omission of brackets.

1 1 . .
Both (5,3) and (—5,—3) ( two answers correct following a correct quadratic in x or y only can

score AIM1A1A1) Any extra solutions (obtained by substituting the variable found first into the
quadratic, instead of the linear equation for example) result in AO.

Unsimplified answers lose the final A mark e.g. (%, 3) and (—%, —3)

Allow (0.5, 3) and (—0.5, —3) and condone without brackets.
Coordinates may be written separately if pairing is clear but a wrong pairing or just stating the x
coordinates together and the y coordinates together is AO.

. 1 1 . 1 . .
ie. sz,y:3 and x:—E,y:—3 is acceptable but x:iz,y:ﬂ is not sufficient



Question
Number Scheme Marks
3 % ~ 7
dr 5t
(a) [ lgdhzjizdt BI
2h? St
a1 1
~h =—§f‘(+c) oe M1, Al
-1 1, \- 4
0y =-1) ]+c:>c=...£e.g.=—gJ -
5 5 Jn 505 5t 1+4¢
or
1 1 4 M1
== 5t=\/z 1+40) = h=..
Jno 5t 5 (A+4)
25¢°
h= - (a=25,b=4) Al
(1+41)
()
(b) 25
Max h = 16 or 1.5625 (m) M1, Alft
2
Total 8
(@
B1:  Correct separation of variables (allow equivalent forms) There is no need to see the integral signs but

M1:

Al:

MI1:

the ds and df must be present and in the correct positions or may be implied by further work.

Reaches ah ™ = Bt (+c) oe

) ) . ) . 1 1
Correct integration with or without +c¢ Accept other correct equivalent forms of —h * = —gt 1 (+c)

1
e.g. —10h 2 =217 (+c)

Note that if they do not have a constant of integration then no further marks can be scored

Uses given conditions at an appropriate point in their integrated form (however poor) to find a

1 t

. . . . . - 1
constant of integration for their equation in / and ¢. Alternatively uses {—h 2 ] = [—gt " c:l
1

Allow stating 2 =1, t =1= ¢ =... or equivalent but if a value for c is stated without any method seen
then you will need to check this on your calculator.




1
M1:  Uses correct algebra starting from their integrated expression of the form ah™> = Bt +¢ oe to make
h the subject . Look for an attempt that has

e a single fraction being formed before “inverting” oe. Do not allow attempts where the candidate
inverts each term. Alternatively they may multiply throughout and factorise. Condone sign slips
only in their manipulation

e a correct attempt to square i.e. each side is squared rather than each term. Condone the slip
e.g. 5t” instead of 25¢°

25¢°
Al:  cao h= 5 (a=25,b:4)
(1+4¢)
(b)
Thei : 2 :
MIl: Max h= iaz from an answer to (a) in the form 4 = al > a>0 orallow from an equation
Theirb (c+b1)
of the required form stated in this part.
Implied by 1.56 (i.e. answer to 3sf)
25 , , : "25"¢
Alft: — (m) or exact equivalent e.g. or 1.5625 (m) following through on their / = oc a>0

16 (1+"4")’

25 25 . . .
Condone e.g. h < T or 0<h< T or any other correct notation including interval notation

e.g. (0, %j, (0, %} Units not required but if given they must be correct.



Question Scheme Marks
number
4
For fractions é+ B :—%+ 14 M1 Al
x x—4 x x—4
2
48 2, 14 -~
x°—4x x x—4
*3x" 48 2 )
I T Cdx = I3——+—dx [3x—2In|x|+141In|x - 4|](* M1 Alft
X — (xl
1 x —4x 1
=9-2In3-3-141n3 dM1
=6-16In3 Al
)
[7 marks]

MI1:

Al:

Bl1ft:

Mi1:

Alft

. : . A B
Attempts to write in partial fractions form and finds values 4 and B for — + ~—a A, B # 0 Note this

may be scored without the "3". They cannot just state values for 4 and B for this mark — it must be
written in partial fraction form.

2 14
——+ oe

X x-—

2
. . 2 14
Correct partial fraction form 3x7+8 =3- 2, 14 oe such as 3——-— ft on their non-zero
x* —4x x x—4 X 4-x
2
values for 4 and B. Condone e.g. X +8 = 3_'__2_'_ 14
2 x x-—4
x° —4x
3 2 13 99 o A B
Allow use of the letters “4” and “B” instead of numerical values i.e. 3+ — + .
X

12x+8

Also allow this mark to be scored for 3 + or ft on their remainder Cx + D both non-zero.

x —4x

j dx > Inx and j— dx > In|x—4| but allowing In(x—4) and —In(4—x). Condone

invisible brackets for this mark.

2 14
or J‘ 3- ~ + = dx > 3x-2In |x| +141n |x - 4| oe following through on their non-zero coefficients.

x —4 requires modulus signs and/or brackets unless implied by later work (condone not around x)

2 14
E.g. allowI3———4 dx = 3x—2Inx+14In(4-x)
X - X




dM1: Uses both limits 3 and 1, subtracts either way round and proceeds to the expression P+ Q1n3 where
P and Q are rational and non-zero. Must have simplified to this form.

It cannot be implied by 6 —161n3 on its own. We must see some evidence of limits being used which
as a minimum is the limits substituted in the integrand.

It is dependent on the previous method mark.

Al:  6-16In3 following all previous marks scored

Special Case:

Some candidates know to use PF but fail to see it is an improper fraction.
Note that use of 3x’ +8= A(x—4)+ Bx would result in 4= -2, B =14 via substitution. The solution may
appear as:

3x+8 14 2

x2—4x_X—4 X

3,2 3
3x°+8 B 14 2 B ol (x=3)
Jl x2_4xdx_L x_4—;dx—[l4ln|x 4/-2Ind]

=14In1-2In3-(14In3-2In1)=-161In3
This potentially will score M1A1BOM1A0dMOAO for 3 out of 7

However, a candidate who correctly adds 3 to their partial fraction can potentially score full marks
using the main scheme — send to review if unsure.



%‘flii%zl; Scheme Marks
3 Point of intersection is (6,—1, —5) or the value of 1 =4 Bl
Uses their 4 and i components 10+ za ="6"to find a M1
a=-1 Al
-2 a
Uses perpendicular vectors = | | || b |=0=>-2a+b-8=0=b= (6) dMl1
4)\-2
Uses j component"c+ ub"="-1"=c+24=-1=c= (—25) ddM1
b=6,c=-25 Al
(6)
[6 marks]

B1: States or uses the point of intersection as (6,—1,—5) or the value of 1 = 4 Allow values or vectors seen or

used or implied. These values are sometimes embedded within the work e.g. 2—2(-2), 1-2 and 3+4(-2)
MI1: A full method to find "a". This involves
e using the k component of /, to find
o followed by the i component to find a

Al: a=-1 May be seen or implied by further work.

dMI1: A full method of finding "b".

-2 a
This involves using the fact that | 1 |.| b |=0 and using their value of a. Look for at least 2 correct
4 )\-2

products or implied by a correct value for b.
Condone arithmetical slips. It is dependent on the previous method mark.

ddM1:A full method of finding "c" using the j component. For using their values for a, b and x and proceeding
from "c+ ub"="-1" to a value for c. If just a value for c is stated you may have to check using their
values for a, b and g . It is dependent on the previous two method marks.

Al: b=6,c=-25

(Note a common misread is 4 =2 and will lead to a point of intersection (—2, 3, 11) of values of

u=-4,a=3, b=14, ¢ =59 apply the misread rule in situations like this so max score will be
BOM1A0dM1ddM1A1 — send to review if unsure)

If they attempt to find c before b then send to review (unless fully correct and scores full marks)



IQ\I?;S;%Z? Scheme Marks
6(a) du dx 1
—=20r—=—
dx du 2 Bl
) (u+1 2j2
3x+2
J‘ (3x+2) \ _ I 14, M1
2x—1 u
:lj [9u+4z+£Jdu dM1
8 u
L9 o+ 491 Al
8| 2
! 9(9)2+42(9)+491 (9) 9(3)2+42(3)+491 (3)
== — n(9)—| —— n
8| 2 2 M1
72+%ln3* Al*
(6)
(b) . J-( 3x+2 jz J‘ (3x+2
=T —
242x—1 2x—1 M1
4 Al
=7z[18+—9ln3j
32
(2)
Total 8

(a) Note if no algebraic integration is seen then max score BIM1dM1AO0MO0AOQ*
Correct answer with no working scores 0 marks

You may see other credit-worth methods e.g. partial fractions followed by substitution — send to review

31_2 o.e such as g:l or du =2dx

du

B1:

. . . 2
(linear expression inu )

MI1: An attempt at a complete substitution in terms of # Look for AJ (du) A#0

u
Condone slips. The du may be implied by further work.

dM1: Proceeds to the form J. (au +B +Zj (du) oe which may be unsimplified «, 8, y 0. It is
u
dependent on the previous method mark.

2 49 49
Al: g{% +42u+49 lnu} oe (note may see e.g. gln 8u for glnu ) May be unsimplified

MI: Correct use of changed limits (3 and 9) within their integrand in ‘u’ of the form pu?® + qu + r In ku or
x =2 and x =5 within the integral of this form where ‘u’ has been changed back to 2x—1




Al*:

(b)

M1:

Al:

It cannot be for proceeding directly to the given answer which is MO — must see some evidence of the
use of limits.

Obtains the given answer with no errors seen and all previous marks scored. Condone invisible
brackets to be recovered provided it is before the final answer. Do not penalise incorrect limits on the
integral in their working, provided the correct values were substituted in to their integrand.

> 9
Note = é{% +42u+491In u} = given answer then MOAQ*

3

V' = K xanswer to (a). Condone K =1 Implied by Kz x(72 + %ln 3j

Correct exact answer (allow equivalent exact forms) e.g. z(72 + an 3) 1sW



Question Scheme Marks
Number
7(@) | (L45) B1BI1
(2)
(b) dy dy/d@ 12sinfcosé 1
Att ts —= = = =
CPE i T A /d0 T 24cos Osind | 2cosd MIAI
T . dy dy
Subs =— into —= —=...(=-1 M1
ubs 3 into == — (=-1) d
Uses gradient of normal with (1,4.5) = (y—4.5) =1(x—1) ddM1
y=x+3.5 Al
)
© Attempts jy% do = j6sin20x—24cosz fsin0do MIAL
.2 2 dx _ y P
Uses sin“ @ =1-cos“ 0 = y@dﬁ— A(cos @sin @ —cos 951n9)d0 dM1
Area of trapezium= %(3.5+4.5) =4 Blft
Attempts trapezium + area under curve — %(3.5 +4.5)-144 J. sin’ Bcos*0d6 | gM]
3
Area =4+144I (sin¢9cos2 0 —sin 6’cos49)d¢9 * Al*
(6
R D BT U (S NI S DU\ IS LT VTIRPY
. 24 160 3°5)) 10
3)
(16 marks)

()

B1: Either of (1, 4.5) Accept any exact equivalent for 4.5 (May be seen on a diagram) May be written

separately e.g. x =1, y=4.5 Condone coordinates without brackets

B1: Both (l, 4.5) Accept any exact equivalent for 4.5 (May be seen on a diagram) May be written separately

e.g. x=1, y=4.5 Condone coordinates without brackets. isw once a correct pair is seen

Note for parts (b), (¢) and (d) do not penalise incorrect notation provided the intention is clear or

notation is recovered. E.g. sin 6> for sin’ 6.

(b)
dy/do 1

Ml1: Attempts (d—y :j
dx

Allow e.g. "12sin 8 cos 8"x
dx/d6o

.g. "6sin26"
8 st X—12sin200056’

“changed”. If the attempts at ;1—2 and % are not seen separately then look for the formula stated or a

or

—24cos’ @sin @

Condone poor differentiation on y and/or x provided the functions are both




numerator of the form psin@cosé or a denominator of the form gcos’ @sin&. May be seen as an

attempt to directly find —;ﬂ
3

Al: Y _|-12 sze CO,S o (o1t oe May be unsimplified and may be implied by further work
dx 24cos” fsind 2cos @

. : . d . . :
dM1: Substitutes 0 = % into their ay to achieve a value. If just a value is stated then you may need to check

this on your calculator. Condone slips provided the intention is clear. Dep. on 1st M. May be implied by
their gradient in the equation of a normal.

ddM1: Attempts to find the normal by using the negative reciprocal of their % with their (1, 4.5) to produce

an equation of a normal= (y —4.5) =1(x—1) If using y =mx +c then = ¢ =... Dep on both previous Ms

Al:  y=x+3.5 o.e. in the required form

Alt(b) Finding the cartesian equation and differentiating

2
MI1: Finds the cartesian equation y = A+ Bx* and attempts to differentiate proceeding to the form

1
(% :j Cx 3 May be unsimplified and index does not need to be processed

1
Al: (% :j —x * May be unsimplified but index processed

. . . d . . :
dM1: Substitutes x =1 into their ay = (—1) to achieve a value. If just a value is stated then you may need to

check this on your calculator. Condone slips provided the intention is clear. Dep. on 1st M. May be
implied by their gradient in the equation of a normal.

ddM1: Attempts to find the normal by using the negative reciprocal of their % with their (l, 4.5) to produce
an equation of a normal= (y—4.5) =1(x—1) If using y =mx+c then = ¢ =... Dep on both previous Ms

Al:  y=x+3.5 o.e. in the required form

(c) Note: Do not be concerned with the order of the limits on the integral and being consistent with
144 until the final mark.

MI1: Attempts & dé@ (Allow omission of d@ and allow unsimplified). Condone poor attempts at &
Va0 do

Al: I6sin29x—24cos2 @sin 6 (d6)

dM1: Uses the identity sin’ @ =1-cos’ @ to proceed from IA sin’ @ cos’ @d@ to produce an expression in an

'integrable form'. Dep. on 1st M



jAsin3 Ocos’0do = IAsinﬁ(l —cos’ 9)cos2 0do = AI(sin @ cos’ @ —sin @ cos’ 0)d0 Condone sign slips only

for this mark.

1 2 1
. 1 )
Blft: Areaof trap621um=§("3,5 "4 "4.5") or altemathGIYI ("X +3.5 ")dx = [% + 35)6] (: 0.5+ 35) =4
0 0

Where integration is used you must see the integrated expression but they can proceed directly to the
answer from this point. You may need to check this on your calculator.

Must see any correct calculation to find the area. Just stating area of trapezium = “4” is BOft

dM1: Attempts trapezium + area under curve. Look for — "%(3_5 +4.5)" AJ 3 sin’ @ cos’ 9(d0)

0

3
OR alternatively = "%(3.5 +4.5)"t A-‘- (sin 0 cos’ 6 —sin Hcos’ 49)(d9) There must be an attempt to

0

use the correct limits either way around and add a trapezium. Dep on 1st M

A1*: Achieves the given answer including d@ provided all previous marks have been awarded. Must be seen
in (c) so do not condone at the start of (d). Withhold this mark if the limits written on the integral are
not consistent with +144 oe on any line of their solution but do not be concerned with the positions of 8
and 1 on the integral before they are replaced. Do not condone sign slips but allow invisible brackets to
be recovered before the final answer.

Alt(c) — finding the cartesian equation first

2
M1: Finds the cartesian equation and proceeds to the form I A+ Bx? dx oe (ignore limits)

2

Al j6—%x3 (dx) (z%f4—x§dxj oe

2
dM1: %J[4 - (8 cos’ 9)3 ](—24 cos’ @sin@) = integrable form as in main scheme notes

B1ftdM1A1*: Main scheme notes

(d)

n+l

cos
n+l1

M1: Isin@ cos" =+ in either term. This cannot be implied by a correct answer. May use substitution

e.g. u=cosd

Al: Any correct (unsimplified) answer following a correct integrated expression. Trigonometric expressions
should be evaluated.

Al: 18.1 or exact equivalent cso



Question
Number Scheme Marks
8(a)
4p’ —q* =(2p+q)(2p—q) BI
1)
b 2p+g=46 2p+g=23
®) Makes one valid statement :Either pra or P M1
2p—q=1 2p-q=2
Solves correctly one of the pairs (see notes):
eg 2p+q=46, 2p—q=1= p=11.75(q=22.5) oe
or Al
e.g 2p+q=23,2p—qg=2= p=6.25,(9=10.5) o¢
States and attempts to solve both equations (see above) dM1
Fully correct proof by contradiction requiring (1) correct set up, (2) correct solution of both Al*
equations and (3) correct conclusion *
“)
Total 5
(@)
B1:  Correct factorisation

Note on epen this is BIM1A1A1* but we are marking this M1A1dM1A1*

Mark the attempts at valid pairs of equations in the order which scores the most marks

(b)
Mi1:

Al:

dM1:

Al*:

If you see any other proofs which appear to be credit worthy then send to review

Deduces either of the valid pairs of equations. There is no requirement to justify that 2 p + ¢ must be greater
than 2p —¢ and therefore solve the other possible equations. Ignore these attempts at these pairs of

equations.

Correctly solves one of the two valid pairs of equations. No working is required, just the correct solution.
Note that it is acceptable to only go as far as finding either one of p or g as that is a non-integer. However, if
they find the other one of p or ¢ then they must both be correct. Beware that the correct solving may be their
second valid pair.

Note if they only proceed to e.g. 4p =25 they must explain the contradiction that e.g. p cannot be an
integer because 25 is not divisible by 4 or LHS=even, RHS=0dd or LHS=multiple of 4, RHS=not a multiple
of 4

States and attempts to solve both valid pairs of equations. Condone proceeding as far as e.g. 4p =47 for
this mark. It is dependent on the previous method mark.

Full proof by contradiction. This must follow M1A1dM1
Look for

e acorrect set up with words such as “assume there is” or “let there be” with “integers p and ¢”
e correct solution of both valid pairs of equations (and explanations where required e.g. if only proceeding
as far as4 p = 25) If p and ¢ are both found for both valid pairs then they must be correct.

e a (minimal) conclusion



Minimal proof for 4 marks:

Assume that there are integers p and ¢ such that 4p° —¢*> =46

(So) 2p+qg=46, 2p—qg=1= p=11.75 not an integer

(and) 2p+¢g =23, 2p—q=2= p=6.25n0t an integer

Hence, (we have a contradiction), so statement is proven

Alt(b) — using odd and even factor argument example

Mil:

Al:

dM1:

Al*:

Identifies that 46 =1x46, 2x23 and considers either the case when ¢ is odd OR when ¢ is even

e when g is odd then (2p+¢) isodd and (2p—g) is odd OR

e when g is even then (2p+¢) is even and (2p—¢q) is even

Deduces correctly for the case when ¢ is odd that 46 cannot be the product of two odd numbers OR
deduces correctly for the case when ¢ is even that 46 cannot be the product of two even numbers

Considers both cases (see first M1). It is dependent on the previous method mark

Full proof by contradiction. This must follow M1A1dM1
Look for

e a correct set up with words such as “assume there is” or “let there be” with “integers p and ¢”
e correct deductions for both odd and even cases
e a (minimal) conclusion

Alt(b) — condone using even property example

Mi1:

Al:

dM1:

Al*:

2 2 2
eg. 4p —q =46 (:> g’ =4p —46) and deduces ¢” (or g) is even.

States q2 is even (then ¢ is even) and writes in the form ¢ =2m

Attempts (2m)’ =4 p2 —46 and rearranges to a form where a contradiction can be deduced It is dependent

. 4 .
on the previous method mark. e.g. 4m’ =4 p2 _46=m = p2 - 76 (which means m” and hence m cannot

be an integer so there is a contradiction)

Full proof by contradiction. This must follow M1A1dM1
Look for

e a correct set up with words such as “assume there is” or “let there be” with “integers p and ¢”
e correct deductions
¢ a (minimal) conclusion



Question Scheme Marks
Number
@ a=it+tj—2k b=3i—j+6k c=—-i+3j+06k
eg. BA =a-b=-2i+2j-8k (so CD =-2i+2j—8k) M1
d=c+CD =—i+3j+6k+-2i+2j—8k=-3i+5j—2k dM1 Al
3)
() | BA=a-b=-2i+2j-8k and BC =c—b=—4i+4j M1
2\ (-4
2 4
o g 0 ) 16 1 dM1 Al
J22 427+ (87 J(—4y +4 V7232 3
So angle is awrt 1.23 radians or awrt 70.5 degrees Al
C))
(© | Area= /724/32xsin"70.5" =453 0r 3242 MIAl )
(2)
d Area = Ex”45.3"= 67.9 or 48\/5 ML Al
2 2
(11 marks)
(a) Note that one correct component of —3i+5j—2k scores M1dM1AQ0 if no incorrect working seen
M1: For attempting one of b—a ora—b or ¢ — b or b — c. It must be correct for at least one of the
components *(—2i+2j—8k) or +(—4i+4j) . Condone coordinate notation. May be implied by at least
one correct component of —3i+5j—2k
dM1: For attempting d =a—b+c and proceeding to a position vector for D. It must be correct for at least one of
the components. Condone coordinate notation. It is dependent on the previous method mark.
-3
Al:  -3i+5j-2koe | 5 | Condone without brackets. Condone (-3i, 5j,— 2k)
-2
Correct answer no working scores all 3 marks. Condone coordinates.
Alt(a) Finding the mid point E of AC and then using d =b + 2BE Must be a full method:
MI1:  Attempts mp . = (0,2,2)and uses d =b +2BE
MI:  Attempts (3,-1,6)+2x(-3,3,-4)= ...
Al:  -3i+5j—2k oe (see main scheme notes)



(b)

M1:  Uses a correct pair of vectors , so +pB4and +pBC. Must be seen or used in (b). May be implied by

further work e.g. in the dot product formula or an attempt to find the magnitude of each of these vectors.
Each must be correct for at least two of the components.
dM1: Attempts to use the dot product formula to find cos@ =k, -1<k <1. Dep. on the previous M. Condone

arithmetical slips in both their dot product calculation and the moduli, but the process must be correct.

Al:  For % or —% oe from correct working - may be implied by 70.5 or 109.5 or 1.23 radians or 1.91 radians.

Al:  cso for awrt 70.5 degrees or awrt 1.23 radians. (Note that cos ' = —% = 109.5 followed by 70.5 is AO

unless accompanied by a convincing argument that the angle 109.5 is the exterior angle, and therefore
the interior angle is 70.5. It is not awarded for simply finding the acute angle. A diagram with correct
angles would be ok )

Alt(b)
Mi1: See main scheme notes

dMI1: Attempts £ pf , finds all three magnitudes and uses the cosine rule with the values in the correct

. ll72” ll32"_"72" .
positions to find cos@ =k, -1<k <1. e.g. cosf = il = 6 =... Dep on previous M

2 n ’ 2 nn ’ n
Condone slips in finding the magnitudes but the process must be correct.
AT1ALI: See main scheme notes

(©)
MI1: Uses correct area formula for parallelogram with their angle from (b). The values embedded is sufficient.

They must be using their + pﬂ and * p% , each must be correct for at least two of the components.
Condone slips. May see the area of the triangle ABC doubled. May be implied by awrt 45.2/45.3

Al:  Obtains awrt 45.3. Allow this from an angle of 109.5

Alt(c) — vector cross product example

i j ok
MI: Attempts e.g. BAxBC =|-2 2 -8 =32i-32j= Area =‘QXB?‘=\/322 +32% using +pBA and
4 4 0

+ pB_C. , each must be correct for at least two of the components. Condone sign slips for their cross product

Al:  Obtains awrt 45.3. Allow this from an angle of 109.5

(d) Must use their answer to part (c) to score

MI1: Uses 1.5 times answer to the area of their ABCD (It can be implied by awrt 67.9). Alternatively, uses their
answer to part (c) and adds the area of the triangle

16 16 1 16
e..h=4\/§>< l——=—:>Area=—x_x6\/§+"32\/5"
¢ V' “owedr 3 23

Al:  awrt 67.9 or 482
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