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General Marking Guidance

* Allcandidates mustreceive 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 for
what 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.

« There is 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’s response is 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 has replaced it
with an alternative response.



EDEXCEL GCEMATHEMATICS
General Instructions for Marking

1. The total number of marks for the paper is 100.
2. The Edexcel Mathematics mark schemes use the following types of marks:
* M marks: method marks are awarded for ‘knowing a method and
attempting to apply it’, unless otherwise indicated.
* 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.

* bod - benefit of doubt

« ft - follow through

* the symbol Jwill be used for correct ft

* Cao - correct answer only

* €SO - correct solution only. There must be no errors in this part of the
guestion to obtain this mark

* isw - ignore subsequent working

* awrt - answers which round to

* SC - special case

* oe - or equivalent (and appropriate)

* dep - dependent

* indep - independent

* dp - decimal places

* sf-significant figures

« 0 - The answer is printed on the paper

* The second mark is dependent on gaining the first mark



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

5. Where a candidate has made multiple responses and indicates which

response they wish to submit, examiners should mark this response.

If there are several attempts at a question which have not been crossed

out, examiners should mark the final answer which is the answer that is

the most complete.

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

7. Mark schemes will firstly show the solution judged to be the most

common response expected from candidates. Where appropriate,

alternatives answers are provided in the notes. If examiners are not sure

if an answer is acceptable, they will check the mark scheme to see if an

alternative answer is given for the method used.



General Principles for Pure Mathematics Marking
(NB specific markschemes maysometimesoverridethesegeneralprinciples)

Method mark for solving 3 term quadratic:

1. Factorisation
(x*+bx+c)=(x+p)(x+q), where |pq|=|c| leading to x=---
(ax*+bx+c)=(mx+p)(nx+q),where |pq|=|c| and |mn|=|a| leading to x=---

2. Formula
Attempt to use correct formula (with values for a, b and ¢)

3. Completing the square
Solving x? +bx+c=0: (x+)*+q+c,q#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.



Qlie(sigon Scheme Magks
(_2, 20) Bl 1.1b
2) 1.1b
B1
(b) (-7.3) B) 1.1b
1.1b
(4 marks)
Notes

General guidelines for all parts:
Remember tocheck answers written against the questions.
If there is any contradiction, mark the answers given in the body of the scripts.
If there is no labelling, mark the responses in the order given.
The coordinates need to be values not just a calculation e.g. not —4—3 for —7

Points can be written as a coordinate pair or separately as x =..., y =...
Do not allow coordinates written the wrong way round but isw if necessary
e.g. x=2,y=20—(20,-2) scores B1B1 and isw
Condone missing brackets (one or both) e.g. x=—7,)=3 or (—7,3 or —7,3 for — (7,3)
Condone a missing comma e.g. (—73) for (—7,3)

Condone use of a semi-colon e.g. (—7;3) for (=7,3)

0-20 -
Condone vector notation e.g. H ZBDfOT (=2,20) and condone Eﬂ@zﬂn

Note that BOB1 is not a possible mark profile in this question

Notein both parts, some candidates show theirthinkingbytransforming the point
piecewise e.g. (—4,5)—(—2,5)—(-2,20)

In such cases, mark their final pair of coordinates

(2)

Bl:  One correct coordinate, condone poor notation. See above.

B1: Both coordinates correct, condone poor notation. See above.

(b)

BI:

One correct coordinate, condone poor notation. See above.

Both coordinates correct, condone poor notation. See above.
Bl:




the(sigon Scheme Marks AOs
f(1.1)=-0.379... £(1.2) = 0.655... M1 1.1b
Change of sign and function is continuous in the interval Al* 24
0 rootin[l.1,1.2]* '

) 2

(b)(D) 1+ 050D M1
(x, =) ). 1.1b

2

(x* = )awrt 1.1542 Al 1.1b
(ii) 0= )1.1384 Blcao | 2.2a

3)

(5 marks)
Notes

(a)

M1: Attempts both f(1.1) and f(1.2) and obtains at least one correct to 1 significant figure or
allow truncated to one decimal place. May use a narrower interval which you will need
to check the value(s) on your calculator.

Al1*: Completes the argument

Requires

f(1.1) and f(1.2) correct to 1 significant figure or allow truncated to one decimal place (or
their two allowable values if a narrower interval is used)

a full reason including “change of sign” oe and “continuity” oe. Accept equivalent

statements for sign change e.g. f(1.101f(1.2)0 0 ore.g. £(1.1)J 0, f(1.2)0 0
a minimal conclusion e.g. root, tick, a lies in the interval oe

Accept as a minimum, "change of sign, continuous, root" and mark positively their
explanation.

Condone “the graph is continuous” and condone reference to x instead of a
Do not condone “change of sign, therefore continuous” or other incorrect statements such
as e.g. “because x is continuous”, or “the interval is continuous”

(b)(i) Check by the question. If there is a contradiction between answers, the answer in

Ml:

Al:

the main body of the script takes precedence.

Attempts to use the iterative formula with x, =1.1 The value embedded in the formula is

sufficient. May be implied by awrt 1.15 or awrt 1.132 provided no incorrect working is
seen.
Candidates sometimes find x, (or possibly subsequent terms) rather than x, in which

case the M1 can be implied. (See table on the next page for the first few iterations)

awrt 1.1542 M1AL1 is scored for sight of 1.1542 so we can ignore any labelling.




(i)

Blcao:(a =) 1.1384 (4dp) Must be this value and not awrt 1.1384 but isw if they then round to
3sf. If the candidate lists their iterations but does not select an answer then take the final
value, which still requires the answer to be given to 4dp.

Note that awrt 1.1384 does not imply M1

For reference:

X1 1.1
X,. 1.15416641
X 1.1317101024

1.141142755

1.138365696




Question Scheme Marks AOs

3(a) y=x =2x"+5x-7
d 4 M1 1.1b
0B M5 _iss Al 1.1b
Ode [
(2)
(b) y coordinate at P is 3 Bl 1.1b

Hdy =B 3(2) -4(2)+5=9
de a M1 1.1b
y_3:%x—2) or y:9x+c,3 :9D2+CDC:...

y=9x-15 Al 1.1b

(&)

(5 marks)

Notes

Mark (a) and (b) together

(a)
Mi1:

Al:

(b)
B1:

MI1:

For x* = x~ seenatleastoncex’ —» x*orx’ = xors5x = 5o0or—7 =
. 3-1 2 2-1 0

Indices may be unprocessede.g. v = x © x = x &  5x- 5x

Do not withhold the mark if other powers on other terms are increased by 1

Correct simplified expression with indices processed 3x* —4x +5

Do not allow x' for x or 5x° for 5
Apply isw if necessary, once a correct answer is seen.

The "% =" is not required. 3x> —4x+5+c scores AQ

Correct y coordinate which must come from a correct method if seen. May be seen
embedded in the correct position in an attempt of the equation of the tangent or seen as

(2,3)
A complete method for the tangent that requires both of the following:

substitutes x = 2 into their % to find a value (must have scored M1 in part (a))

Look for sight of x = 2 embedded followed by an answer. Condone slips.

If no calculation is seen to find % at x =2 then the value of their gradient must be

correct for their % from part (a).

uses their value for % with their y at x = 2 correctly to find the required equation.

Look for y—"3"="9"(x—2) Do not condone sign slips for this mark.

If they use y =mx +c they must proceed as far as ¢ =...
Do not allow this mark if they use a perpendicular gradient.




Al:

This mark cannot be scored from a made up gradient and their y coordinate cannot be from

an incorrect method i.e. from using their expression for % (even if labelled as y)

If a y coordinate is stated or implied with no working it must be 3
y=9x—15 (in this form) and following correct differentiation seen. isw




Quf(sgjon ]Sfalgfznlﬁ Marks ﬁ%
B1
(1)
5(10)
® g 212 8@ _,) o010 20T
g
10-4
or
M1 1.1b
53,0-2)-1 503 =21
e.g. gf (x)= = 2 =...
e ef ()= —5—5—7 () -2-4
49
— Al 1.1b
6
(2)
© y=5x_1|:| y(x_4)=5x_1|:| yx=5x=4y-1
x—4 M1 1.1b
0 x(y-5)=4y-1
4x -1 1-4x
T(x)= ore.g. Al 1.1b
(g (x) )x—S 8 5-x
(2)
Alt -
(c) _5x 20+19Dy=5+ 19 Oy-5-= 19 Ml L1b
x—4 x—4 x—4
1 1
@' (=) 4+ oreg 42 Al | Lib
x-5 5-
2)
(5 marks)
Notes
(a)
B1:  Correct range.
f(x) or for y and allow e.g. —2<y<w or {yER:y=-2} or -2, ).
Do not allow —2<x<c0 , =20y 00
(b)
M1: A complete method to find gf(2)

EITHER

substitutes x=2 into f and substitutes the result into g to find a value for gf(2).

OR
attempts gf(x) and substitutes

53x2 —2) -1 2(3(2) - 2) -1

e.g. gf(x)= = =,
3x —2-4 3(2) -2-4

x =2 condoning slips. They must proceed to find a value.

In both approaches condone arithmetical slips and bracket errors/omissions provided the

order of the functions used is correct. May be implied by awrt 8.2




Al:

(©)

Ml:

Al:

4_69 or exact equivalent. e.g. 8% or 8.16 but not 8.1666 or 8.166....

1ISW once a correct answer is seen.

Note: May interchange x and y at the start or work towards x =...
Ignore any attempts at the domain

Correct attempt to multiply up by (x — 4), multiply out and isolate x by taking a factor of x
out or equivalent work. e.g. xy(-5=4)-1

Condone sign slips in their rearrangement and allow invisible brackets to be implied
by further work.

4x -1 1- 4x

oee.g.
x-5 -X

A correct answer with no incorrect working seen scores M1A1. Do not be concerned by

(does not need to be simplified)

or €vén

the labelling ofthe function so allow once rearranged to e.g. y=
x-=5

4x -1
x=5

£7(x) =

Alt(c)

Ml:

Al:

X1 .n the formy= 5 L k  @nd rearranges to isolate y and 5 on

X—4 X-4
one sideoftheirequation.
Condonesignslipsin their rearrangement and allow invisible brackets to be implied
by furtherwork.

Writesy=

4+ i oee.g. 4- i (does not need to be simplified)

A correctanswerwith no incorrect working seen scores M1A1. Do not be concerned by

the labellingofthefunction so allow once rearranged to e.g. y=4+ i or even
19
f'(x) =4+
(x) P




Question Sﬁ%{ge N%ﬁ\ks 409s
1Y
3(a)
(b) y=5010si 180-0 in g e 3.1b
"Hz o Dag~2 4 '
O(t=)awrt3.2 o /% (or condone 10+/6 or awrt 24.5 in degrees) Al 1.1b
x =100/t =100 100, dM1 | 2.1
(x =) awrt 180 (m Zorawrt 495 (m) (seenotes)) Al 3.2a
“4)
Alt(b) =100/£10 __[It—@ HZD
X =100 Ve =175 0100
or M1 3.1b
Of H 10y H
=10sim]—00¢= 2 gin Ox=..
S| Py R R Ty
a
—10simr
y o 105ﬁH
or Al 1.1b
_ - 10y 0
=100
i HIOH
I [ [
1osirn_1611m . ”H}mﬁ}& 0 %”LHA ﬂuuﬁx -
H4 100 4 10 gioog 6
or O dM1 | 2.1
x=100 H O0x =
\% HIO
(x =) awrt 180 (m }or awrt 495 (m) (seenotes)) Al 3.2a
C))
(5 marks)
Notes
(@
Bl: 10 (m) condone lack of units but if given they must be metres oe (condone y =...)

(b) Note the angle unit is radians in the question but condone assuming the angle unit is
degrees to score all available marks.




M1:

Al:

. : ¢ :
Sets y = 5 and uses the parametric equation for y to reach at least T =... (expression or

value - you do not need to be concerned by the angle it is set equal to including if it is
degrees or radians). May be implied by awrt 1.4, awrt 3.2 or awrt 11.0, awrt 24.5. If just a
value for ¢ is stated then you may need to check y = 5 was substituted in.

awrt 3.2 or /% which may be seen as 3

Condone if other values are seen.
If assuming the angle unit is degrees then condone 10./6 or awrt 24.5 (I:l )Do not withhold

this mark if they proceed to use a different value for ¢

. May be seen within their working.

dM1: Correct use of their ¢ value to find a value for x. It is dependent on the previous method mark.

May be implied by awrt 120 or awrt 180 (or awrt 331 or awrt 495 if they have assumed the
angle unit was degrees). If just a value is stated then you may need to check this is correct for
their value of 7.

At 180 (m) or awrt 495 (m) condone lack of units but if given they must be metres
(providing all previous marks have been scored)

As a minimum sight of awrt 3.2 (or awrt 24.5) and awrt 180 (m) (or awrt 495 (m)) can score
M1A1dM1Al

Note if more than one answer is given score for awrt 180 (m) (awrt 495 (m)) and isw

Alt(b)Findingthe cartesian equation

M1:

Al:

dM1:

Uses the x parameter to eliminate 7 and find y in terms of x so that

e 2 p—
=Bx" y=Csin(Dx’) oe where B,C,D (0 May just see the cartesian equation of the

required form.
Alternatively uses the y parameter to eliminate # and find x in terms of y so that

xZPQjﬂnfleyi where P,O,R 0

The y = or x = may be implied by further work

{ 0
y= IOSiﬂH]Zl IE'%EDH oe or x=10025’n ’ _ﬂ%ﬁ oe (allow unprocessed indices)

The y = or x = may be implied by further work

010 x OO

ﬁe“{s t{l (e):(l)r 10sin - —j— 00=5, and proceeds to find a value for x. It is dependent on the

previous method mark. You do not need to be concerned by the mechanics of the

. , . 2 L
rearrangement. Alternatively they may substitute y =5 into x="100 H:I._OEI and

proceed to find a value for x.

May be implied by awrt 120 or awrt 180 (or awrt 331 or awrt 495 if they have assumed the
angle unit was degrees).




Al:

awrt 180 (m) or awrt 495 (m) condone lack of units but if given they must be metres
(providing all previous marks have been scored)

Note if more than one answer is given score for awrt 180 (m) (awrt 495 (m)) and isw




Qlte(sgjon Scheme N{\glrlks 9(1')3

Al b
[ a=2m0sepe &
x+1 7

(b)
|j 3_qe=20 2In(Tp4y)3n(1s) -0 MI | Lib
Ixt1 7 7 7
0 m/PtoppgZPtl o dM1 | 1L.1b
15 15
2
0 (p=)lse7 1 Alft | 2.1
3)
(5 marks)
Notes

Mark (a) and (b) together

(a)
Mi1:

Al:

(b)
Mi1:

dM1:

Integrates to a formA4In(7x+1) A 0 Condone missing brackets or modulus signs.
If the substitution #=7x+1 is attempted, the mark can be awarded for kKlnuk 0

Please note that AIn(7ax+a) or Alna(7x+1)where a is a positive constant is also
correct.

i In(7x+1)+c including “+ ¢” Brackets or modulus signs must be present. Isw
7
after a correct answer.

Also accept %ln(7ax+a)+c where a is also a positive constant.

Withhold this mark for spurious notation e.g. an integral sign or dx in their final
expression.

Substitutes x = p and x = 2 into an expression of the form AIn(7x+1) 4 0, (or

Alna(7x+1)) subtracts either way round and sets equal to g . Condone invisible

brackets and arithmetical slips. May be implied by further work.
Likely to be rare but may change the limits if they are working in terms of u so they
would be substituting in e.g. 15 and 7p+1 into an expression of the form Alnuk O,

. . 6
subtracting either way round and sets equal to =

6
A
A

Proceeds correctly to an equation not involving logarithms e.g. oe

=e
Do not allow this mark to be scored if they evaluate In15 as a decimal.

7p+1

Condone e”to be a decimal which you may need to check on your calculator.
e2+Inl5 -1

Do not allow e.g. p= — unless they correctly deal with In15




15¢* -1

Alft: (p=)

. o 15¢ 1
oe which must be simplified e.g. (p =)— -— 1ISW

7

6
7
3

oo
You may ft on their % from part (a) so score for (p :)M




lee(sgjon Scheme Marks AOs

(Area g =) %rﬂ _%},z sinl] oe
OR

(AreaR2 =) %},z (D_D) _% 2sin-0) e Bl 2.2a

e.g. %rz @—D) —%rz sin[]

(Area|R =) %rﬂ —%r2sin|:| o¢

and
Bl 2.2a
(Areap 12 (@0-0)- 1,osin@-0) o
1 2 2
%r'ﬂ ~2, sinDZZDgr—; 2(O0-0 —%7”2 sin({-0) ﬁ oe Ml 1.1b
(0-sin1=2-20- 2sinl)

sin 0+30- 20=0 Al 21

“4)
(b) 00 ) = cosl +3 Bift 1.1b

sin(l1.3 )21
m =130 " =1.3—£(1'3)=1 = )+ (

f003) cos(1.3)}3 Ml 1.1b

@, =) awitl.734 Al 10

3

(7 marks)

Notes

(@)

Bl1:

Bl1:

Note in the expressions for © or * either of sin(]5 or sin/ may beused as they

are equivalent. Condone missing trailing brackets throughout.
Do not penalise the use of or switching between sin(180/=) 0 sin H )

Acorrect expressionfor one of the segments seenatleastonce.May be seenwithin an
equation. Lookforequivalent expressionse.g.

(AteaR =) 1,2 (C=sin(L=0) or (AreaR= ) 1,2 (@-0-sin)

If converting the angle in radians to degrees for the sector(s) look for e.g.

%E[I 18 (%Dﬂ _ J 18 O—D_ 1 8(5:|
(ArearR=) [] Or— 1rsin0) (AreaR=) a e 1. sin (0-0)
‘ 360 2 : 360 2
Correct expressions for both segments seen at least once. May see equivalentcorrect
expressions. Seenotefor 1st B1.May beseen within an equation.  Note they cannot just
find ® (or ® ) using © = 2% to score this mark.




Ml:

Al:

Correctly forms an equation using ® =2% where their areas are of the form
(AreaR =)0r¢ [ sin[]) oe and (AreaR2 =) 0,2 (D[ll:l] i sinD)Oe

Note they may have already cancelled through by 7* when they form the equation.

Do not condone slips if they do not multiply through by 2 correctly oe for each term (or
other similar methods). Invisible brackets would need to be implied by further work to
ensure the correct equation was formed for their areas.

May alternatively form the equation R,= -32— (Ri+R?

e.g. %rﬂ— %erinDZ 3% lzrzlj—érﬂsinpr glrz(D—D)— érzsin(D—D) Ee

sin] +3}+2 [ =0 oe with all terms on one side of the equation and not seen to come
from an incorrect method. Must see =0. All previous marks must have been scored.

Alt(a) Using the full semi-circle

B1:
Bl:

Ml:

Al:

See main scheme notes
2

. r . .
Correct area of semi-circle - and the combined area of both triangles (may be separate)

%}’éinj-f- érZSin(]—D) oe e.g. r’sin 0

Uses R1=2R to correctly form the equation R+R=]3R oe ORZ R+R,= % Roe
where their individual areas are of the form (AreaR FDJF( 0 sin’1) oe or

(AreaR,=)17*( [ [ sinll) and 11€+R?D r 200r 2( sinl] sin(]—D b}

Using R, e.g. ?—%%sirﬂ— %rsin([l—l])= ED_%’U— %’réinD Boe
2 2

Using * e.g.DZ—rz—%%sin]— %Fsin([l—[l)=3 ﬁ_zlrz(u_u_) %—réin(D—D) ge

Note they may have already cancelled through by »* when they form the equation.
Condone slips in simplifying their expressions for the areas before forming the equation.

See main scheme notes

(b)

B1ft:

Ml1:

Allow new values for p and ¢ to be stated or used in part (b) if neither are found in
part (a)

(f (Fycgs+3 oe which may be unsimplified. e.g. f) O] = —cosl —2cos(d B )+3
May be embedded in the N-R formula. Follow through on their and togachieve
pcosgoe which may be unsimplified and allow if still in terms of angd q

3 psinl.3+1.3¢g—20]
' [cos1.3+0!

The value 1.3 embedded in the correct places is sufficient for this mark and allow this mark
to be scored if still in terms of pnd i.¢; [ =pand ] =g¢4

Attempts 1 oe using their gnd (beth non-zero) and [, 0o




Al:

f(1.3) _

Note: Just stating 1.3— s is MO unless implied by further work
e.g. f(1.3) gng £'(1.3) e.g. 1.3— "_31'2‘2179591;12292" =...or by their final answer

Must be a correct N-R formula used. You may need to check their values with accuracy of
at least 3sf or allow truncated to 2dp using their p and q.

Allow if attempted in degrees. f(1.3) = —2.360497974 and f (1.3%3.999742609 and

gives [] =1.890162469 (again look for 3sf or allow truncated to 2dp)

Note that the full N-R calculator display is 1.734469053

The value offls approximately 1.7674890... and scores MOAO without evidence of

using the N-R formula to imply the M mark

awrt 1.734 Ignore any subsequent iterations. Correct ans. with no incorrect working M1A1
Accept 1.7345 (may have rounded to 4dp) isw




Q%"(S‘{')OH Scheme Marks AOs

0o 3
fim “”D )ézﬂ x=  xedx Bl 1.2
x=0

@
b 1o ed Ml
(b) D62 dx=§xe2 —% o 3.1a
IR e2x(+
Berdc =5 xe —L c) Al 1.1b

=01 oo 1ol 3, 1, B 1P
0O« B0 3ot 348 e

5 1
1 e6+ 1 Al 2.2a
“4)
(5 marks)
Notes
Mark (a) and (b) together
(2)
BI: States %e™dx or equivalent but must include the limits and the dx. If not scored in
0
part (a) check part (b) to see if B1 can be scored.
Condone dx  x as it is very difficult to tell one from another sometimes.
Withhold this mark if there is spurious notation e.g. “lim” or +c
(b)
MI:

Obtains an expression of the form Dxezx—[eﬂ (dx) oe where 1] 00 You do not

need to be concerned about how they arrive at this. M1 may be scored via the DI method
for the expression of the form [lxe™ - e* where 1[I 00 (see below notes for A1)

Al: %xzé _ % o2x(¢) oe Allow this to be unsimplified.

Watch out for the DI method which some will do:
D |
+ X e2x

_ 1 ~
.




dM1:

Al:

o . . . X 1x2\ 1 2x
Giving correct integration nxez‘ dx= 5 e _Ze (+¢)

Score M1 for the expression of the form fe™—e*[Wwhere, [J[] 0and Al fora

correct expression

Applies the limits 0 and 3 to an expression of the form ke —e™[de
where [1,[1 0 and subtracts either way round, achieving the expression of the form
Ae®+B where 4,8 0and which may be unsimplified i.e. terms do not need to be

collected. It is dependent on the previous method mark.
An expression with the limits substituted in is sufficient to score this mark or may be

implied by %eﬁ+ 41|r oe following correct integration.

Do not allow this mark to be scored if they have assumed substituting in 0 into the
expression gives a value of 0 unless it was embedded into the expression.

" X_n 2 nn 2 nn |
However, condone the slipfor ﬁ" xe™'— JL"e T e% to s<‘210re dM1AO0
0

E eb+ % oe in the required form and all previous marks in (b) must have been scored.

Fractions do not need to be in their lowest terms.

Condone missing/poor notation e.g. missing the dx throughout.

If they subtract the wrong way round then withhold this mark if they just omit the
negative signs.

Isw once a correct answer is seen but withhold this mark if there is spurious notation
around their final answer

e Ge‘# %Jrcdx is MIATdMIAO




Qtﬁsgjon Scheme Marks AOs

] inl|
e.g. LHS:  (°0S[ +sin[l ) Cosed] -sec ) O o 141 Ml 1.1b
| sinl cosl]
cos > [—sin[] . cosAl 1 —tan’[]
. I OR [Ofan —tap0 0 — —
sin[lcos[] lsinQ[I 0 tanl(] dM1 3.1a
02 cot Al 2.1
3
Alt —sin? Ml
(a) e.g. RHS:  kcot20= k 0 kc.:osﬂ 0 k(cos'fl sin’[]) L1b
tan2]  sin2l 2sinl cosl]
. _ . D ]
0 k (cosll +51r.1D(cos 0- sinl) 0 E(COS[] +sin1) Gosed] —sed]) a1 | 312
2 sinltos [ 2
Uk=2 Al 2.1
3
(b) 5 (CO% +sinx ) Cos ect —secx) = 4cosec’2x Blft b

0 B2cot2x =4cosec’2x

e.g. 10 cot 2 x=4cosec2x 0 10cot2a= o 00 =¥ )

2cot? 2x —5cot 2x+2 =00 cot2x=2, %

10cos2x _ 4 M1 3.1a
sin 2x  sin® 2x
0 5cos2xsin®2x =2sin2x0 sin2X(5sin2xc0s2 x -2)=0

0 Ssin2xcos2x =2 [0 sindx =0.8

ore.g.  10cot 2x = 4cosec’2x []

cot2x=2,%[|x= ..ore.g. sindx=0.8 x= .. dM1 2.1
(x=)aWrt—767  awrt58.3 awrtl3.3 ,awrt31.7 AlAl | LIb
1.1b
®)
(8 marks)
Notes

Condone a complete proof entirely in x (or another variable) instead of [
Condonenotationalerrors and missing variablesin their working provided theintentionisclear
and only penalise other errors on the final A mark.
(a) e.g. working from the LHS

. 1 1
MI: Attempts to expand the brackets and uses both cosed] = sin and sed] = cod]

Condone sign slips. ‘ . ) , ,
cosl=sinl ey +sinl] (cosl] —sin _cos’[] —sin’[]

sin[]cos] sin[] cosl[] sin[] cos[]

May see cosecll—secl )=




Also allow this to be implied by e.g. (coslJ+sinlT)(cosecl [—secl )= cotl] tanl]

dM1: EITHER uses both cos’[] —sin’[] cos2fandsin2 [ 2sin[] cosl]

sinl |

OR uses tan' = and simplifies to a single fraction intanl[ | Dep. on previous M

cosl]
Al:  Achieves 2cot2 [ with all previous marks scored and no genuine errors including signs,
manipulation andmixed variables.
Alt(a) e.g. working from the RHS
M1:  Either uses bothcos® [] —sin>[0 cos2[ and sin2[0  2sin[] cosl or uses

tanﬂ 0 ﬂ
1 -tan’[]
dM1: Uses the differenceof two squares, and both cosec ] =—— and sec[] = !
sin cosll

It is dependent onthe previous method mark. Condone sign slips.

Al:  Proceeds from f (cosp] +sinj{cosec [] —secjjto deduce that k~=2with all previous
2

marks scored and no genuine errors including signs, manipulation and mixed
variables.

Note if they work from both sides they are likely to score the two method marks from each
of M1 in the main scheme notes and alternative method notes. The final A will be scored for
reaching a point where they can deduce that /=2

Score in the order which maximises the marks.

e.g.
MIE s o e cosl =sinll - (eos+sin (o =sinll) o
sinl] cos[] sin[] cos(]
(main scheme 1st M1)
1— tan
dM1: RHS: kcot2=k 71:' _k cotl] — K tan[] (alternative method 1st M1)
2tan(] 2 2

Al: Achieves two similar statements from which 1= % k=2 with all previous marks

scored and no genuine errors including signs, manipulation and mixed variables.

(b) May work in a different variable which is acceptable.
Condone mixed variables provideditis recoveredin laterwork

BIft: Deduces the correct equation using the result from part (a). Follow through their £ and alloy
if in terms of k. i.e. 5 kcot2x=4cosec’2x. Allow a restart but they would need to reach th
same stage.

MI1: Requires:

« EITHERuses 1 cot’2x= cosec’2xto obtain and solve a 3TQ in cot2x. They can

solve the 3TQ by factorising (may factorise for an equivalent quadratic equation which is
acceptable), completing the square, formula (usual rules apply) or via a calculator. If just
the roots are stated then they must both be correct to 2sf for their 3TQ. You may need to
check this. This mark cannot be implied by proceeding from a 3TQ to an angle with n
intermediate working. May multiply through by tan*2x and solve a 3TQ in tan 2x.

o <

[«




dM1:

Al:

Al:

OR e.g. converts to sin2x and cos2x and uses sin4x =2sin2xcos2x to obtain an
equation of the form sindx=p oe where p P Po not be concerned by cancelling both

sides by sin2x and losing the equation sin2x =0 (0 is not a valid solution)
Correct order of operations for their equation to obtain at least one value for x. It is

dependent on the previous method mark. e.g. sindx=p x=sin711L=...
4
If just a value is stated you may need to check this on your calculator.

For any 2 of awrt—77 ,awrt—58 ,awrtl3 ,awrt32

Also allow in radians (awrt—1.3,awrt—1.0,awrt 0.23, awrt 0.55)
awrt—76.7 ,awrt—58.3 ,awrtl3.3 ,awrt31.7 and no extras in the given range (ignore

any found outside of the range). Note the common additional solution of 00 is AO.
The degrees symbol is not required. Answers in radians score A0




Qilﬁia n Scheme Marks AOs
14 7
x=20y= =_
y T Bl 1.1b
-1
nay o7 3x2+4—7x|:|%(3X2+4)2|:|6x Ml 2.1
= l:l =
3 +4 Ddx [0 3% +4 Al 1.1b
1
7F(z)2+4_7(2)D;(3(2)2+4)_7IZ|6(2)
3(2) +4 16 M1 21
0 -; 10-2)
Q0 32x+14y—113:O Al 1.1b
(5)
(b) 113 BIft
=— 1.1
Y12 ) b
Blft
(c) 1113 785, B _81[
Trapezium area is —[]—— 02 d=_2
peziu D 14 ZQ 0 7H 2.2a
Tx 3pt ! M1 1.1b
dx's*( * 2 (+c)
3x? +4 Al 1.1b
'
Areals IjEl—(3)&+4 Dﬂ—l]4——|:|2% 81 _la M1 3.1a
7 03 3
do
:14—5 Al 1.1b
21
()
(11 marks)
Notes

Check the diagram for all parts. If there is a contradiction between answers, the answer in
the main body of the script takes precedence.

(a)
7
Bl: y= ; or may see €.g. HZ,Eﬁ oe

MI1: Differentiates to achieve the form (which may be unsimplified)

1

Quotient rule: 4 3x> +43 fﬁ (3x> + 4248 0
x

_ 3
Product rule: C(3)c2+4)2—Dx2(3xz+4)2 oeC.D 0

1 -
Implicit: E(3x2+4)d_y +ny(3x2+4)2=é oe E,F,G 0 (May see alternatives)
dx




L
7 +4-7x0 L O 4 4) 2064
Al: 3 22 2 oe which may be unsimplified or simplified
X+

_3

1 1
e.g. 7(3x* +4) 2 -21% (3x2 +4) 2 or 283X +4) 2 or (3x2+4)2 = , b +3xy(3x2 +4) 2 =

Whilst not strictly dependent on the first M, there must have been some attempt to
differentiate i.e. they cannot get a gradient from substituting x=2 into the original
equation (it must be a changed function) and using the negative reciprocal of this as

their m. If no method is shown to find the y coordinate then it must be ;

MI1: A complete method for the equation of the normal:

« attempts to find the gradient at P using their % . Condone arithmetical slips and

miscopying provided the intention is clear. If just a value is stated you may need to check

dy _

this is correct for thelr a (Accept e.g.x=2, ... without needing to check)

« uses the negative reciprocal to find the gradient of the normal at P (note they may have
already manipulated their % to — ;ﬂ m—= i) This must be a correct process in the
ly m
method

uses their gradient of the normal with x = 2 and their y coordinate to find the equation of

the normal i.e. y—" Z" =— (x—2) Condone a sign slip on the y— nZn

L 2
If they use y=mx+c they must proceed as faras c = ...

Al:  32x+14y—113=0 Allow any integer multiple of this equation.
(b)

thei ¢
Blft: 11_143 or exact ft on their normal equation so allow for —

b

113,0
Accept e.g. HO " H oe Also accept —E or H % Elf no equation was found in (a)
(©)

Y

12769 lk -

A ON = _____ T
rea O 396 14

Area = E Area PMN = ﬁ
3 128

()




Blft:

Ml:

Al:

Ml:

Areaoftrapezium:l A’ "HD2oeeg _D”113"D"113 _1pged13, 2H|:|"
2° 14 2 14 32 2[0 32 o 2

Follow through their part (b) and thelr y coordlnate of P.
The expression is sufficient. The x coordinate of point N see the diagram above must be
greater than 2 if used and the y coordinate of point O must be greater than 0

Also allow if in terms of a, b and ¢ where appropriate
1
e.g. ll]—£+"2"|] 2oee.g.}DB—EHDH—ED—_DHH—EH—2HD"Z" if no equation
2 b 210 20 p00 a 200 a O 2
was found in (a)

Alternatively, may integrate the equation of/ so look for

2 2 8
_EX+£"dx=HII_§x2+EX"H =||_7_H 22 113"1:'28 " ﬁ
77 14 77 14T, 14 0 7

You would need to follow through on their / and they would need to havesubstituted
into the correctly integrated expression.

isw if a correct expression is seen but they evaluate incorrectly.

If just a value is stated you may need to check that it is a correct follow through.

2
Integratesviaanymeth od to obtain D(3x +4)2 (+c) D 0 0 May see attempts at the

substitution method or even integration by parts but you just need to look for the correct
form for their integrated expression to see that it is equivalent.
Note they may attempt

D H 13, 7x L
—Xx+ —"-—_[]dxbut ignore the integration on the straight line for this

14 3x* + 40
mark.

Z(3x2+4)2é+c) oe which may be unsimplified. Look for the equivalent correct answer
3

depending on their substitution e.g. using u=3x"+4 ;\/U(Jrc).

Complete and correct strategy for the area of R. Whilst not strictly dependent, there
must have been some attempt to integrate to find the area under the curve, however
poorly carried out.

Look for area of their trapezium — area under the curve between x =0 and x =2

following an attempt to integrate where both areas are positive. Condone subtracting
either way round for this mark.

S e
o 7 03 3




Al:

Look out for other longer methods incorporating additional areas which then need
subtracting. The overall strategy needs to be correct but condone arithmetical slips
provided the intention is clear.

Any areas which required integration should have had both limits substituted in and
subtracted either way round (may be implied). If they have used the substitution method

then the limits may be different for their integrated expression. e.g. using u=3x"+4
would require substituting in ¥ =4 and u =16

% or exact equivalent e.g. 612—91 but do not allow a decimal




Question Scheme N[Bliks {\%
11 '
(a’ (R =)185 I.1b
3 M1
tan] =—00= 1.1b
! &)
D= awrt 1.272 or /189 cos (+1.272)
(b)(¥) 30-+/185 orawrt 16.4 BIft | 2.2a
O | B 1 072e028=a0 Ym0 2m0e = | M1 | 3ab
H2 0 )
(t=3Wreos Al 1.1b
6:22 or 6:230¢ (seenotes) Bl1ft 3.2a
“4)
(© D =30+/185 cosa&+1.272+0.2ﬁ
M1 3.4
.J85
DI?dD % stD_t+1 272+02D
N dr 12 12 I
3pm = =15
N .
nepdl - i it 120 +1.272 +O.2|:| Ml 3.1b
od: g 12 12 0
0 (k=)awrt2.75 Al 1.1b
3)
(d) Examples:
* the demand for electricity is not the same every day Bl 3.5h
* during cold weather the demand will be greater ’
* in the summer, demand will be less
(1)
(11 marks)
Notes
(a)  Note that BOM1AL1 is possible
Bl: V185
_ 13 _ 4
Awardfor tan[1= = [J=.., tanl]= —0 0=,
M1: 4 13
. 13 4
sin(=[ [=...orcos[|= —— [0=
"\/18_" n\/ig_n

May be implied by (£) any of awrt 1.27 or awrt 72.9  or awrt 0.298 or awrt 17.1

or awrt 1.87 or awrt 107
Al [=awrtl.272 or 18\5/m(x+1.272)




Note that \/1—85_ cos (; + 1,277 scores BIMTAI

Mark (b)(i) and(ii) together

(b)(D)
B1ft:

(i)
M1:

Al:

B1ft

(©)
M1:

dM1:

Al:

(d)
Bl:

(30-1 W) . .
or awrt 16. 4 (GW) Condone lack of / ignore units and follow
through on their R to 3sf

Sets El_; +"1.272"+0.2=0] ¢=.. May be implied by a correct value for ¢ for their

“1.272”. If just a value is stated you may need to check this on your calculator.

May set "30+1$5cos DD_t +1.272+0.2 B"=30—"1&5" t=... but condone if

12
they have rounded 30" /185" to 3sf or better.

awrt 6.4 and no others in the range O [ £ 24 unless rejected. This can be implied by
6:22 or 6:23 oe and no additional times given.

If no value for ¢ is given then allow to be implied by 6:22 or 6:23 oe

6:22 or 6:23 oe or ft on their final # to nearest min or truncated provided 00 "7"0 24
e.g. 0622 or 6 hours 23 minutes after midnight. Condone various notation or

forms provided there is evidence of the correct time. E.g. 6:23am 6.22 or 6,23 or
6;23 or 6/22. If using e.g. am or pm it must be consistent with their value of 7.
Notethat nodifferentiation seen scoresM0dMO0AO.

Attempts to differentiate their D=30+"18%"cos ﬁ?_; + qﬁ to obtain ...sin ﬁ?—; +q .
where g="1.272"+0.20e or condone if 0.2 is missing

Condone also differentiating D =30+ 4cos H_ +0.2 H - 13si JE + O.Zﬁ to obtain

. sinHE +O.2E +.. cosHE +O.2H

ﬂ +O2H 13] DE£+O2H

12 12 12 12

Substitutes # = 15 into their derivative and obtams a value. It is dependent on the
previous method mark. 15 embedded in their derivative followed by a value or

NB correct derivative is —

=... is sufficient but if just a value is stated with no working

dD . .
then you may need to check this value is correct for their i (condone mislabelling)

awrt 2.75

for a valid reason why it would not be sensible to use the same equation to model the
demand for electricity in the UK on every day of the year. Mark positively.




Look for any reason that suggests the demand is not the same every day or it is
different to this particular day. They either need to:
* suggest the demand is not the same every day such as
o it varies at different times of the year / the length of day(light) varies
o this was only for a particular day
* suggest a possible scenario where the demand might be different such as
o it is different at weekends
o may have dinner at a different time of day on a Sunday
o might introduce an incentive scheme
o the price cap might affect how much people use
o people might go abroad in school holidays
Do not allow “we do not have enough data” (too vague)




Qﬁigjm Scheme Marks AOs

B1 1.1b

B1 1.1b
q

B1 1.1b

SIS

>

M
b’ ~dag 0 q=4pk00 31a
q2
o0)x0— Al 2.2a
4p
4
(7 marks)
Notes
(a) Do not penalise if they have working for part (b) on the graph as well
Bl: A Vshapedcurve sittingon the positive -axis andappearing in atleastquadrant 1. Do not
be too concerned about the graph being non-symmetrical.
Condone/giveBODif their right armof the V extends as part of their working.
Examples of graphs which score B1
| (%p.0) " R
Note any labelling on the graph takes precedence over
coordinates stated in the main body of the text.
Bl:

0 [
The vertex is on the positive x-axis and is marked Hg ,0 (Er allowx=( ) 49 which may be
P p

seen as the intercept on the graph. May be scored from an incorrect shape for the graph, but
must have a single vertex on the x-axis. Condone the coordinates written the wrong way
round provided point is in the correct position.




Bl1:

(b)

Ml:

Al:

Ml:

Al:

The graph passes through the positive y-axis at (0, g) or allow (3 =) g which may be seen

as the intercept on the graph. Note a graph which just meets at (0, ¢) and does not appear in
both quadrants 1 and 2 is BO

Condone the coordinates written the wrong way round provided point is in the correct
position.

Note some candidates also attempt & _ _ withhold the final A mark only when

X
the range is not fully correct. E.g. they would have to reject the range of values £, 0

2
or give an inequality whichis k 9 ¢ only

4p
Sets E =—px+q and rearranges to a 3TQ equation in x with terms collected on one side.
X
Condone sign slips in their rearrangement only.
Note setting K =—px—q 1s incorrect and scores MO
X
px’—qx+k=0 oe with all terms on the same side. May be implied by further work

e.g. attempting the discriminant with correct values for a, b and ¢ for their 3TQ equation in x

Attempts b*~4ac 0 for their 3TQ in x with a, b and ¢ in terms of p, ¢ and k. This does not

need to be from setting f =—px+q. The constants p, ¢ and k embedded in the correct
X

positions in the inequality is sufficient for this mark. Condone use of ... for this mark and if

C__%

seen then check further work to see if a valid inequality is formed.

2
k DZ— oce.g. k<0.25q 2p-1 Does not require a lower bound for 4 but if given it must be
P

2 2 2
o0kD L oe May use alternative notation e.g. Qk k0 4{,_@ or ﬁo,q_H
p

4p 4rQ
0,.qg? 2
Do not accept e.g. O,q_ . or k< o
4p 0

Only isw if a correct range is given but they then attempt to use set/interval notation
incorrectly.

Note: Alternatively, it is unlikely to be successful but they may attempt to square both sides and

multiply out both sides, making little further progress. However, it they attempt the
difference of two squares and reach a 3TQ equation in x with all terms collected on one side
this may score M1.




Qysigpn

Scheme Marks AOs
J2cosll _ f3cotll
= .. \W2cosll ) =+/3cotl sinll M1 3.1
o Jrood ore.g (fcos )Z Jeotl sin a
0 a
2cos™] =\/§cos|:| 0 codl :H =§E dM1 1.1b
\/72D£ \/ECOS"D—" \/gcot"[l"
r=—r=oreg. —D—6 ore.g. _ 6 ddM1 2.1
LT BT \/E wEon
3 sin € cos %
7 =46 Al 2.2a
4)
b
( ) c.g. (ul :)#SiHD—H=LQ
(\/g)z 60 12
ny M1 3.1a
sin %
OR eg. (u, =)
2 (1"\/—6"
1 J6 6 a —r) 101-y6’l
yE—+t—+—or§; = =— dM1 2.1
12 12 12 Fr 1 1—\/€H
7
_7H6 oce.q. 1246 Al 2.2a
12 12
3)
Alt(b) 0 0
1 3 30 7+J6
tu, tu =—+2022 + 30—_p-= 0 Ml 3.1a
T T T 2 JEH 2 [
l|7+\/€|!
ﬁ53=m gﬁﬁj‘%ﬁ dM1 2.1
12 12 12
3)
(7 marks)

Notes




Mark (a) and (b) together and condone notational errors provided the intention is clear.
May work in degrees or radians — either is acceptable.

(a)
Mi1:

dM1:

Usesthnd stipa sedtiatittyosnt npods bauthiotrigondhetric functions should be in the corred
places. Give BOD where cos and cot may look similar when written.

J2cosl ot J2cosll  3cosl]
, = oeeg Y =
sin[] J2codl sinl] J2sin[ cod]

% =./2cosl]
co

Condone a correct equation coming from a =sinl] , ar= \/E codl , ar’ = J§ cotl

Proceeds from their equation and rearranges to find an exact value
for co$] where—1 cos[] 1and codl [0
It is dependent on the previous method mark. May be implied by further work such as an

exact value for [] in radians ( % (radians)) or in degrees (30( )) but not just the final

May see e.g. sin[]

answer \/g Do not be concerned by the mechanics of the rearrangement.

Note for any further marks they must only use exact values

Uy _

ddM1: Attempts e.g. — M using their exact value for cod] and the corresponding

Al:

(b)
M1:

u, sin[]

value for sin['= ] _ ‘T'E and proceeds to find an exact value for 7. It is dependent
on both of the previous method marks.

Condone working with an exact value for cod] which would not give an exact value for
'] provided they work with the exact values for ¢od] and sin! only. If they proceed to
find an inexact value for [I and use this then this mark cannot be scored.

They must be attempting the division the correct way round.

If just an exact value of 7 is stated then you may need to check it is correct for their
ng| (or [ if they have proceeded to find an exact [ | and substituted in to find 7)

cao (from a fully correct method)
Requires
* sight of a correct equation involving the 3 terms
*  sight of either a correct value forcos-' Or []

;3 ;A 23
0 cosl] =7|:| (r =)—ll=\/3 scores M1dM1ddM1A1

2

. J2cosl _
& ol J2sinl]

A correct expression for the first term or second term which may be in terms of

trigonometric functions (using U344 OT U ) and/or uses their exact value for  from (a).




dM1:

Note 7 may be expressed in terms of trigonometric functions but do not allow =[] and r

cannot clearly be an angle in radians or degrees e.g. <

Sil’l"l:é" sinD Sil’l"g"
e.g. (u1=) 2 or(m =)———— or (u, =)
| \7/ )D\/_ cos|:||:||:| SN
|] sinl ]

May be implied by a correct exact value for a for their exact value for »
Condone if an exact value for 7 is not found in (a) and they just state a value for  then

provided it is not clearly an angle in degrees or radians allow e.g. r =4 a= Slln6|:| but not
0 sin[] . : :
r= < so a = —— Note it is unlikely they will score any further marks unless they

6

6
have chosen an exact value for 7 of either \/8 ,\/5 or?

Attempts to find the sum of the first 3 terms using their exact value for » from (a). It is
dependent on the previous method mark.
The expression is sufficient which must be numerical and exact. Alltrigonometric
functionsmust have been dealt with forthismark.
a ( ) 3

\/— 6 a _ 1—7 _l:l 1 Dl _\/g a
cx (5, )5+ 0048 orfls = aplgl N

12 12 I-r 1831-6
7 +J6 7

. . 6
Al: or exact equivalent in simplest form e.g. B + 17 (from a fully correct method)
u3+4hu 5
Alt(b) Sz ————
’/vl
M1:  Adds the three terms in the question using their exact value for co$]l where

—1 cosl] Tandcosl! 0 andthe corresponding value for gip[l = |1 DD £ ”DZ -
LER:

May be implied by 7 +\/6 oe Condone if they just state a value for cos[] if they did not
2

achieve one in part (a) provided -10cosd 01 and cod] 0

Alternatively they may sum the three terms using their exact value for [] correctly
(0 cannot be 7). e.g. sin _q]+\/_cos D_q:l+\/_cot e

Note they may use the sum formula usmg exact values for sinl] and r
If the method does not show where these values come from then they need to be

consistent with their exact value for co$l




The expression is sufficient which must be numerical and exact.

dM1: Attempts to divide their sum of three terms by their exact value for /. It is dependent on
the previous method mark. The expression is sufficient which must be numerical and
exact. All trigonometric functions must have been dealt with for this mark.
If they did not achieve an exact value for » in (a) it is unlikely that their chosen value for
cod] will lead to an exact value for .

3 # tu
Note they may attempt S= = ™ "™° o yge the summation formula with
: r

r = % which would score M1dM1 at the same time. The numerical and exact
n 6 n

expression would be sufficient to score both marks.

7 +J6

. o 7 6
Al: or exact equivalent in simplest form e.g. — + kD) (from a fully correct method)

12

7+\/8 o 7 +/6

12

Beware of incorrect values for » leading to

e.g. r= V6

- ustustu L [ \/— (M1dMO0AOviaAltmethod)

(M1dM1AO0 via Main scheme)

—_ __rZ_

[
\/— i s1nﬁ ﬁ N =3+3§+3E]/6£§2=7+2\/6




Marks AOs

Question Scheme
—H(a)
% :)C(A— t) D Ddx: @_I)dt
dt Ml 3.1a
5 Al 1.1b
t
Oln x = 4r " (+c) oe
t 0x =030 In0.3=¢
t=4,x =210 In21=448 1In0.3
8 Ml 3.1b
na4U 870 306212..
06 4
3.06 t—g
e.g. Inx = —g_t'z"ln 0.30x = 0.3¢ dM1 2.1
8 In70 2 Al 3.3
ﬁ — awrt 3.06——
oreg. x=03¢" * 2 oreg x=0.3¢ 2
(5)
(b) Maximum occurs when ? =00t=A BIft 2.2a
t
= 0.363‘06 3.067¥ _ M1 34
(x=) aWrt32.80mg L1 )or awrt 32.4 (mg  L7) Al 3.2a
3)
() 870 t* 870 f % 2
01=03eh 5B pale FEHS D%Sﬂnmﬁt—t_: ~1n3
3 4 2 M1 3.1b
2
306t~ 103 =0
2
2
%—3.06t—1n3=0|:]t= dM1 3.4
3)
(11 marks)
Notes
(a)
MI: Separates the variables and integrates to the form Inx=A4¢ [I "%"tz (+c) oe
e.g. Inx= |:|A "l"tD t(+c) or Inx=" l"(A—tz) (+ c)
[ 2 0 2
Al: Inx=At- %2 (tc) oe
Note if there is no constant of integration in their expression then no further marks




MI1:

can be scored in this part
Requires:
states or uses # = 0 and x = 0.3 to find their constant of integration.
states or uses =4 and x = 21 to find 4 (U 0)

Both constants may be simplified or unsimplified. May be implied by their constants so

may need to be checked. If working is seen they must be using their equation in x and ¢.

At 'i"zhc

dM1: Proceeds from Inx=At ""t2+i o€ to x=¢ : oe where 4 and ¢ in their

Al:

(b)
B1ft:

Ml:

Al:
(c)

MI1:

2
equation may be numerical if already found.
It is dependent on the first method mark only.
Condone sign slips and isw once a correct form is seen. Condone miscopying slips
provided the intention is clear. Note that they may have done some rearranging in earlier
work so you need to check the processing from when they have first integrated. Allow
invisible brackets to be recovered or implied by further work.

8+In70-2¢
———— 0t

fs+in70 .t R
x=03¢ 70e in the formx = f(he.gx= %ezml "7 or x=0.3e

t

e - 8+1n70
awrt3.06¢— 2t+awrt].06¢/—_ k
Allow e.g. x=0.3¢ Zorx= e 2 or x=e¢ o2
10

Must be x =.... and constants must be to 3sf or better where necessary. Condone the ¢
appearing after the In70 if seen and condone —1.2(0) for In0.3) Isw once a correct
answer is seen.

t==In0.3

Deduces that the maximum occurs when ¢ = A4 or allow their numerical value for 4 to at
least 3sf. Condone 4 0

dx
Uses their equation of the model to find a numerical value for x when N =0

Condone if they do not deduce =4 and attempt to differentiate their equation from part
(a) and allowing them to state ;E =0,r=... and use this value in their equation of the
t

model to find a numerical value for x. In either approach condone the value of ¢ to be
negative. If the value for 7 is not seen in their equation of the model and just a value for x

is stated you may need to check this on your calculator (or allow ="3.06" x=...)

Note they may alternatively attempt to complete the square on

t 2
B 5 —£3.062 5 —li-3.062)*+4.6879.. i )
x="0.3¢ " x="0.3e "and deduce the maximum is when

t="3.062" and proceeds to y =" (3 4=
awrt 32.6 (mgL ") ignore units. Condone awrt 32.4 for use of 4=3.06

Allow use of T orz (or another letter)

00 24 t4c

Sets their f@ = 01 w heref(¢)isoftheform c oe ] n [] . I:l 0 (but C COUld be
zero) and achieves a 3TQ equation in # which may be unsimplified. The = 0 may be




dM1:

Al:

implied by further work. May start with an earlier form of the equation from part (a) or

proceed directly to this e.g. In0.1="3.06"¢— t_z +In0.3which scores M1

2
You do not need to be concerned by the mechanics of the rearrangement and

condone reverting back from an incorrect form equation back to the required form.

Solves their 3TQ in ¢ (or 7) by any correct method including a calculator. If just the roots
are stated with no working seen then you may need to check that the root(s) is/are correct
for their 3TQ to 2sf. It is dependent on the previous method mark.

awrt 6.46 with no other values and a correct 3TQ equation is seen which may be
unsimplified. Condone use of rounded values provided an answer of awrt 6.46 is

reached e.g. t_2 —"3.06"#+1In0.1-1n0.3(=0)
2




Quigion Scheme Marks | AOs

Assume that a and b are both odd so that
a=2m+1 and b =2 nt1 where mneNm=n

a?+ b2 =2m+1)7 +(2n+1)
M1 1.1b

e.g. =4" +4m+4n’+4n+2 ore.g. = 2(2m2 +2m+2n* +2n +1) Al 21

0 which is even

e.g.zs(%czis even [ ciseven =2k say
0 mP+2m+2n’ +2n+1)=(2k) =4k° a1 | 2.1

O 2m* +2m+2n> +2n+1=2k

Ase.g. 2m’ +2m+2n +2n+1isoddand2k  is even
there is a contradiction. Al* 2.4
Hence a and b cannot both be odd. *

(C))

(4 marks)

Notes

M1:

Al:

dM1:

Substitutes the given algebraicallydistinctoddnumbers into a*+b* , and expands. Terms do

not need to be collected. Condone slips multiplying out including
2m+1)+(2n+1)=4m’+1+4n’+1

Condone coefficient slips but they should have an expression of the form
Am*+Bm+Cn*+Dn+E where A,C.E 0
May be implied by their factorised form.

Requires both a correct expression that is clearly even AND

they either need to state that the expression is even oe or deduce that ¢ is even
e.g. 4" +4m +4n22 +4+52 which iszeyen )
e.g. 2(2m +2m+2n"+2n+1) hence ¢~ is even (or condone so ¢ is even)

e.g. 4(m*+m+n*+n)+2 which is not odd
Condone dividing through by 2 to show that there are no fractions

Do not accept e.g. “4m*+4m+4n’+4n+1+1 which is even” as the expression is not in a
form where it clearly is even — they would need +2 not +1+1 or e.g. factorised

A full argument leading to a contradiction
e.g. recognises that ¢ must be of the form 44> and then divides through by 2 (can use any
letter other than a, b, ¢, m or n for k)




Al*:

Fully correct proof with appropriate reasoning/explanation and conclusion.
Requires
» all previous marks scored
* deduces they have a contradiction because 2m’ +2m +2n*> +2n +1 oe is odd and 24>
is even oe i.e. they need to explain what the contradiction is between the two
statements
» minimal conclusion e.g. hence proven, tick, QED
Do not penalise partial rephrasing of the statement that they were asked to prove in their
conclusion. e.g. omitting “both” provided their statement does not clearly contradict the
proof.

Note there are many alternativewaysofproceedingtoacontradictionwhichshouldbe
marked in the same way.

e.g.
M1:

Al:

dM1:

Al*:

Considering multiples of 4
See main scheme notes See

main scheme notes

Fisevenp ciseven =2k

The expression for a*+b” must be written as 4 (> +m+n?+n)+2 oe with the factor of 4

taken out and & written as 42 or 40 k2

Alternatively, they may divide through by 4
e.g. 4m*HAm+An* +an+2=Qky=4k> m*+m+n*+n+ _ =k

(They can use any letter other than a, b, ¢, m or n for k)

Fully correct proof with appropriate reasoning/explanation and conclusion.
Requires
» all previous marks scored
* deduces they have a contradiction because 4 (m* +m+n? + n)+ 2 oe is two more than

a multiple of 4 oe e.g. the right-hand side is divisible by 4 but the left-hand side is not
i.e. they need to explain what the contradiction is between the two statements.
» minimal conclusion e.g. hence proven, tick, QED
Do not penalise partial rephrasing of the statement that they were asked to prove in their
conclusion. e.g. omitting “both” provided their statement does not clearly contradict the
proof.




	Mark Scheme (Results) Summer 2026
	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 and raising achievement through innovation in education. Find out more about how we can help you and your students at: www.pearson.com/uk


	General Marking Guidance
	EDEXCEL GCEMATHEMATICS General Instructions for Marking
	4. For misreading which does not alter the character of a question or materially simplify it, deduct two from any A or B marks gained, in that part of the question affected.
	5. Where a candidate has made multiple responses and indicates which
	response they wish to submit, examiners should mark this response.
	If there are several attempts at a question which have not been crossed out, examiners should mark the final answer which is the answer that is the most complete.
	6. Ignore wrong working or incorrect statements following a correct
	answer.
	7. Mark schemes will firstly show the solution judged to be the most common response expected from candidates. Where appropriate, alternatives answers are provided in the notes. If examiners are not sure if an answer is acceptable, they will check the mark scheme to see if an alternative answer is given for the method used.
	General Principles for Pure Mathematics Marking
	(NB specific markschemes maysometimesoverridethesegeneralprinciples)
	Method mark for solving 3 term quadratic: 1. Factorisation
	(𝑥2+𝑏𝑥+𝑐)=(𝑥+𝑝)(𝑥+𝑞), where |𝑝𝑞|=|𝑐| leading to 𝑥=⋯ (𝑎𝑥2+𝑏𝑥+𝑐)=(𝑚𝑥+𝑝)(𝑛𝑥+𝑞),where |𝑝𝑞|=|𝑐| and |𝑚𝑛|=|𝑎| leading to 𝑥=⋯
	2. Formula
	Attempt to use correct formula (with values for a, b and c)
	3. Completing the square
	Solving x2
	+bx+c=0: (𝑥±)2±𝑞±𝑐,𝑞≠0 leading to 𝑥=⋯
	Method marks for differentiation and integration:
	1. Differentiation
	Power of at least one term decreased by 1 (xn→xn−1)
	2. Integration
	Power of at least one term increased by 1 (xn→xn+1)

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

	Normal marking procedure is as follows:
	Method mark for quoting a correct formula and attempting to use it, even if there are small 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.

	Question
	1(a)
	(b)
	Scheme
	Marks

	B1
	B1
	(2)

	B1
	B1
	(2)
	(4 marks)
	Notes
	General guidelines for all parts:

	B1:
	Note that B0B1 is not a possible mark profile in this question
	Question
	2(a)
	Scheme
	f (1.1) = −0.379… f (1.2) = 0.655…

	Marks

	M1
	(b)(i)
	(ii)
	Change of sign and function is continuous in the interval
	root in [1.1, 1.2] *
	ln(7−3(1.1)
	awrt 1.1542
	1.1384


	A1*
	(2) M1
	A1 B1cao
	(3)
	(a) M1:

	Notes

	A1*:
	statements for sign change e.g.
	f (1.1)
	f (1.2)
	or e.g.
	f (1.1)
	0, f (1.2)
	AOs
	1.1b
	2.4
	1.1b
	1.1b 2.2a

	(5 marks)
	(b)(i) Check by the question. If there is a contradiction between answers, the answer in
	the main body of the script takes precedence.

	M1:
	A1:
	x1
	Attempts to use the iterative formula with
	=1.1
	The value embedded in the formula is
	sufficient. May be implied by awrt 1.15 or awrt 1.132 provided no incorrect working is seen.
	Candidates sometimes find
	(or possibly subsequent terms) rather than
	in which
	case the M1 can be implied. (See table on the next page for the first few iterations) awrt 1.1542 M1A1 is scored for sight of 1.1542 so we can ignore any labelling.
	Attempts both f(1.1) and f(1.2) and obtains at least one correct to 1 significant figure or allow truncated to one decimal place. May use a narrower interval which you will need
	to check the value(s) on your calculator.
	Completes the argument
	Requires
	f(1.1) and f(1.2) correct to 1 significant figure or allow truncated to one decimal place (or
	their two allowable values if a narrower interval is used)
	a full reason including “change of sign” oe and “continuity” oe. Accept equivalent
	a minimal conclusion e.g. root, tick, α lies in the interval oe
	Accept as a minimum, ''change of sign, continuous, root'' and mark positively their explanation.
	Condone “the graph is continuous” and condone reference to x instead of α
	Do not condone “change of sign, therefore continuous” or other incorrect statements such as e.g. “because x is continuous”, or “the interval is continuous”

	(ii)
	For reference:
	Question
	Scheme
	Marks
	AOs
	3(
	a)
	(b)
	y x
	x
	4
	coordinate at P is 3

	M1 A1
	1.1b 1.1b

	(2) B1
	1.1b
	y−3=9
	y x
	d


	)
	= 3(2) −4(2)+5=9
	or
	x x
	c,3
	=92+cc=
	M1
	1.1b

	A1
	(3)
	1.1b

	(5 marks)
	Notes
	Mark (a) and (b) together (a)

	M1:
	For
	seen at least once x3
	x2 or x2
	x or 5x
	5 or −7
	Indices may be unprocessed e.g. 3
	Do not withhold the mark if other powers on other terms are increased by 1

	A1:
	(b) B1:

	M1:
	Correct simplified expression with indices processed
	Do not allow
	for x or
	for 5
	Apply isw if necessary, once a correct answer is seen.
	=" is not required.
	x+5+c
	The
	Correct y coordinate which must come from a correct method if seen. May be seen embedded in the correct position in an attempt of the equation of the tangent or seen as
	scores A0
	(2, 3)
	A complete method for the tangent that requires both of the following:
	d d
	substitutes x = 2 into their
	to find a value (must have scored M1 in part (a))
	Look for sight of x = 2 embedded followed by an answer. Condone slips.
	If no calculation is seen to find
	at
	x = 2

	then the value of their gradient must be
	correct for their
	from part (a).
	uses their value for
	with their y at x = 2 correctly to find the required equation.
	Look for y−"3"="9"(x−2) Do not condone sign slips for this mark.
	If they use
	=mx
	they must proceed as far as
	Do not allow this mark if they use a perpendicular gradient.



	A1:
	Question
	4(a)
	(b)
	Scheme
	𝑓(𝑥)≥−2
	e.g.
	gf(2)
	e.g.
	gf
	g(3(2)
	g(10)
	5(10)
	or
	5(3
	x2
	−2)−1
	x2
	−2−4
	5(32


	)
	(
	32
	−2)−1
	−2−4
	Marks
	B1
	(1)
	AOs
	1.1b


	M1
	1.1b
	(c)
	49 6
	y(x
	yx


	A1
	1.1b
	(2)

	M1
	1.1b
	Alt(c)
	5x
	4



	)
	or e.g.
	or e.g.
	−x
	x−4
	Notes
	A1
	1.1b

	(2) M1
	1.1b

	A1
	1.1b
	(2)
	(5 marks)
	(a) B1:
	(b) M1:
	Do not allow −2≤𝑥<∞ ,
	−2y
	A complete method to find gf(2)


	EITHER
	substitutes x=2 into f and substitutes the result into g to find a value for gf(2).

	OR
	attempts gf(x) and substitutes
	condoning slips. They must proceed to find a value.
	5(3(2) − 2) −1
	5(3x2 − 2) −1
	e.g. gf(x)=
	3(2) −2−4
	3x −2−4
	In both approaches condone arithmetical slips and bracket errors/omissions provided the order of the functions used is correct. May be implied by awrt 8.2


	A1:
	49 6
	or exact equivalent. e.g.
	or
	isw once a correct answer is seen.
	8.16
	but not
	8.1666
	or 8.166….
	Note: May interchange x and y at the start or work towards x
	Ignore any attempts at the domain
	(c)

	M1:
	Correct attempt to multiply up by (x – 4), multiply out and isolate x by taking a factor of x
	out or equivalent work. e.g. xy−5=4y−1
	Condone sign slips in their rearrangement and allow invisible brackets to be implied by further work.
	1−4
	4x

	A1:
	oe e.g.
	(does not need to be simplified)
	5−
	A correct answer with no incorrect working seen scores M1A1. Do not be concerned by
	the labelling ofthe function so allow once rearranged to e.g. y=
	or even
	--------------------------------------------------------------------------------------------------------------------- Alt(c)

	M1:
	Writesy=
	x−
	x−
	x−
	k and rearranges to isolate y and 5 on
	one sideoftheirequation.
	Condonesignslipsin their rearrangement and allow invisible brackets to be implied by furtherwork.

	A1:
	oee.g.
	(does not need to be simplified)
	x−
	−x
	A correctanswerwith no incorrect working seen scores M1A1. Do not be concerned by
	the labellingofthefunction so allow once rearranged to e.g. y=4+
	or even
	x−
	x−
	Question

	5(a)
	(b)
	Scheme
	10(m)
	y=5
	10 sin
	4
	sin
	1
	2
	t2
	Marks



	B1
	(1) M1
	AOs
	2.2a
	3.1b
	(t=
	)awrt 3.2
	or
	(or condone
	or awrt 24.5 in degrees)

	A1
	1.1b
	=100
	=100 "
	) awrt 180 ( m )
	(orawrt 495 (m) (seenotes))
	dM1
	2.1

	A1
	3.2a
	(4)
	Alt(b)
	=100
	x 100
	x 100
	
	y=
	
	or
	= 10 sin
	
	t=
	
	x=
	
	1
	2 sin−
	10
	
	4
	1
	
	4  100
	or


	M1
	3.1b

	A1
	1.1b
	1
	
	4  100
	x
	
	
	 =5
	1
	=100 2 sin−
	10
	1
	2
	1
	
	sin
	4  100
	1
	4
	100
	x
	or
	dM1
	2.1
	=100 2 sin−1
	5 10
	
	x=
	
	) awrt 180 ( m )
	(or awrt 495 (m) (seenotes))

	A1
	3.2a
	(4)
	(5 marks)
	Notes
	(a) B1:
	10 (m) condone lack of units but if given they must be metres oe (condone y

	(b)
	Note the angle unit is radians in the question but condone assuming the angle unit is degrees to score all available marks.

	M1:
	A1:
	Sets y = 5 and uses the parametric equation for y to reach at least
	(expression or
	value - you do not need to be concerned by the angle it is set equal to including if it is degrees or radians). May be implied by awrt 1.4, awrt 3.2 or awrt 11.0, awrt 24.5. If just a value for t is stated then you may need to check y = 5 was substituted in.
	awrt 3.2 or
	which may be seen as
	30 3
	. May be seen within their working.
	Condone if other values are seen.
	If assuming the angle unit is degrees then condone
	or awrt
	24.5
	Do not withhold
	this mark if they proceed to use a different value for t
	awrt 180 (m) or awrt 495 (m) condone lack of units but if given they must be metres (providing all previous marks have been scored)
	As a minimum sight of awrt 3.2 (or awrt 24.5) and awrt 180 (m) (or awrt 495 (m)) can score
	M1A1dM1A1
	Note if more than one answer is given score for awrt 180 (m) (awrt 495 (m)) and isw -------------------------------------------------------------------------------------------------------------------------

	A1:
	Alt(b)Findingthe cartesian equation

	M1:
	Uses the x parameter to eliminate t and find y in terms of x so that

	B,C,D
	May just see the cartesian equation of the
	required form.
	Alternatively uses the y parameter to eliminate t and find x in terms of y so that
	x=PQsin−(Ry) where

	P,Q,R
	The y = or x = may be implied by further work

	A1:
	dM1:
	y=
	10sin
	
	
	4  100
	oe or x=1002sin
	The y = or x = may be implied by further work
	oe (allow unprocessed indices)
	
	"=5, and proceeds to find a value for x. It is dependent on the
	Sets their "10sin
	
	4100
	previous method mark. You do not need to be concerned by the mechanics of the
	2sin−1y
	x="100
	" and
	rearrangement. Alternatively they may substitute
	proceed to find a value for x.
	May be implied by awrt 120 or awrt 180 (or awrt 331 or awrt 495 if they have assumed the
	angle unit was degrees).
	into
	10
	dM1: Correct use of their t value to find a value for x. It is dependent on the previous method mark.
	May be implied by awrt 120 or awrt 180 (or awrt 331 or awrt 495 if they have assumed the angle unit was degrees). If just a value is stated then you may need to check this is correct for their value of t.

	A1:
	Question
	6(a)
	Scheme
	3
	7x+1
	dx
	3 7
	ln(7x

	Marks
	M1
	A1
	(2)
	AOs
	3.1a
	1.1b

	(b)
	3 7x+1
	dx
	6 7
	3 7
	ln(7p
	ln
	7p
	=2
	7p
	3
	7
	=e
	ln(15)
	oe
	6 7


	M1
	1.1b
	dM1
	1.1b
	15e2
	−1
	A1ft
	2.1
	(3)
	(5 marks)
	Notes
	Mark (a) and (b) together (a)

	M1:
	3 7
	ln(7x+1)+c  including “+ c” Brackets or modulus signs must be present. Isw

	A1:
	after a correct answer.
	3 7
	ln(7ax+a)+c where a is also a positive constant.
	Also accept
	(b) M1:
	6 7
	Alna(7x+1)) subtracts either way round and sets equal to
	. Condone invisible
	dM1:
	6 7
	subtracting either way round and sets equal to
	7𝑝+1


	=𝑒
	Proceeds correctly to an equation not involving logarithms e.g.
	"15"

	Do not allow this mark to be scored if they evaluate ln15 as a decimal.
	oe
	Condone eA to be a decimal which you may need to check on your calculator.
	Do not allow e.g. p=
	7
	unless they correctly deal with ln15


	A1ft:
	15e2
	−1
	oe which must be simplified e.g.
	15e2
	1 7
	isw
	You may ft on their
	3 7
	from part (a) so score for
	15e
	7
	Question
	7(a)
	(b)
	Scheme
	1 2
	(Area


	R1
	1 2
	r OR
	1 2
	sin
	oe
	( Area
	1 2
	1 2
	sin(
	oe
	e.g.
	1 2
	1 2
	sin
	(Area1

	R=
	1 2
	r and
	1 2
	r2
	sin
	oe
	( Area 1
	2

	R2
	1 2
	1 2
	r2
	sin(
	oe
	1
	sin
	2
	1 2
	sin(
	oe
	− sin= 2
	2sin
	sin
	2
	=0
	cos
	=1.3
	= 1.3 −
	f f
	1.3
	1.3
	= 1.3 −
	sin(1.3
	cos 1.3 +3
	) awrt1.734
	Marks


	B1
	B1
	M1
	A1
	(4) B1ft

	M1
	A1
	AOs
	2.2a
	2.2a
	1.1b
	2.1
	1.1b
	1.1b
	1.1b
	(3)
	(7 marks)
	(a)

	B1:
	B1:
	Note in the expressions for
	R1

	or
	R2

	Notes either of
	sin(
	 may beused as they
	sin
	Do not penalise the use of or switching between sin(180)
	sin(
	Acorrect expressionfor

	one
	of the segments seenatleastonce.May be seenwithin an
	equation. Lookforequivalent expressionse.g.
	1
	2
	1
	2
	(AreaR
	1=)
	r2
	r2
	If converting the angle in radians to degrees for the sector(s) look for e.g.
	
	 180
	(AreaR=)
	r−
	360
	
	
	r2−
	
	360
	rsin (AreaR=)
	1
	2
	r2
	sin
	Correct expressions for both segments seen at least once. May see equivalentcorrect
	expressions. Seenotefor 1st B1.May beseen within an equation.

	Note they cannot just
	=2
	R1


	find
	(or
	) using
	to score this mark.
	R2
	R2
	R1

	M1:
	Correctly forms an equation using
	R2
	R1

	(AreaR
	( Area

	R2
	where their areas are of the form
	sin

	A1:
	Note they may have already cancelled through by
	when they form the equation.
	Do not condone slips if they do not multiply through by 2 correctly oe for each term (or other similar methods). Invisible brackets would need to be implied by further work to ensure the correct equation was formed for their areas.
	2
	3

	(R1+R
	1
	2
	1=
	May alternatively form the equation R
	oe
	21
	32
	1
	2
	1
	2
	1
	2
	r2(−)−
	r−
	r2−
	e.g.
	=0 oe with all terms on one side of the equation and not seen to come
	+3−2
	sin
	from an incorrect method. Must see =0. All previous marks must have been scored.
	----------------------------------------------------------------------------------------------------------------------- Alt(a) Using the full semi-circle

	B1: B1:
	See main scheme notes Correct area of semi-circle
	and the combined area of both triangles (may be separate)

	M1:
	1
	2
	1
	2
	3 2
	Uses R=2R to correctly form the equation R+R=3R oe OR

	R1+R2=
	Roe
	where their individual areas are of the form (AreaR
	Using

	R1
	e.g.
	r2
	2
	1 2
	1 2
	rsin(−)=
	3  1
	r−
	
	22
	Using
	R2

	e.g.
	r2
	2
	1 2
	1 2
	 1
	rsin(−)=3
	
	2


	2(
	Note they may have already cancelled through by
	when they form the equation.
	Condone slips in simplifying their expressions for the areas before forming the equation. See main scheme notes
	A1:
	(b)
	Allow new values for p and q to be stated or used in part (b) if neither are found in part (a)
	B1ft:
	cos
	2cos(


	M1:
	May be embedded in the N-R formula. Follow through on their and to achieve
	Attempts 1.3−
	psin1.3+1.3q−2
	oe using their and (both non-zero) and ,
	cos1.3+
	The value 1.3 embedded in the correct places is sufficient for this mark and allow this mark
	and 
	to be scored if still in terms of and i.e. 


	A1:
	Question
	8(a)
	Scheme
	=0

	Marks
	AOs
	B1
	1.2
	(b)


	0
	1 2
	e2xd
	xe2x
	1 2
	e2xd
	xe2x
	
	1 2
	1 4
	xe2
	1
	4
	=
	e2x(+
	3 2
	1 4
	1 4
	5 4
	e6
	1 4
	(1) M1
	3.1a

	A1
	1.1b
	dM1
	2.1

	A1
	2.2a
	(4)
	(5 marks)
	Notes
	Mark (a) and (b) together (a)

	B1:
	States
	part (a) check part (b) to see if B1 can be scored.
	Condone dxx as it is very difficult to tell one from another sometimes. Withhold this mark if there is spurious notation e.g. “lim” or +c
	(b) M1:
	(dx) oe where
	Obtains an expression of the form xe2x−e2x
	You do not
	need to be concerned about how they arrive at this. M1 may be scored via the DI method
	for the expression of the form 
	where
	(see below notes for A1)

	A1:
	1 2
	1 4
	2x(c) oe Allow this to be unsimplified.
	Watch out for the DI method which some will do:

	dM1:

	A1:
	1 2
	1 4
	2x(+c)
	xe2xdx=
	Giving correct integration
	Score M1 for the expression of the form xe2x−e2x where ,
	correct expression
	Applies the limits 0 and 3 to an expression of the form xe2x−e2x oe
	Ae6+B where A,B0and which may be unsimplified i.e. terms do not need to be
	collected. It is dependent on the previous method mark.
	An expression with the limits substituted in is sufficient to score this mark or may be
	5
	4
	1
	4
	e+
	implied by
	oe following correct integration.
	Do not allow this mark to be scored if they have assumed substituting in 0 into the expression gives a value of 0 unless it was embedded into the expression.
	However, condone the
	slipfor
	1
	2
	"xe2x−"
	1
	4
	"e
	""e−"" to score dM1A0
	0
	5 4
	1 4
	e6+
	oe in the required form and all previous marks in (b) must have been scored.
	Fractions do not need to be in their lowest terms.
	Condone missing/poor notation e.g. missing the dx throughout.
	If they subtract the wrong way round then withhold this mark if they just omit the negative signs.
	Isw once a correct answer is seen but withhold this mark if there is spurious notation around their final answer
	5
	4
	1
	4
	e+
	+cdx is M1A1dM1A0
	e.g.
	Question
	9(a)
	Alt(a)
	(b)
	Scheme

	OR
	Notes
	Marks

	M1
	A1
	(3) M1
	AOs

	M1
	A1A1
	(5)
	(8 marks)
	Condone a complete proof entirely in x (or another variable) instead of

	A1:
	Alt(a) e.g. working from the RHS

	M1:
	A1:
	Note if they work from both sides they are likely to score the two method marks from each
	Score in the order which maximises the marks.
	e.g.

	M1:
	A1:
	(b)
	May work in a different variable which is acceptable.
	Condone mixed variables provideditis recoveredin laterwork

	M1:
	A1:
	A1:
	Question
	10(a)
	Scheme
	12+4
	7 2
	Marks
	AOs


	B1
	1.1b
	+4
	3x
	1 2
	(3x

	M1 A1
	2.1 1.1b
	7 3(2)
	(3(2)
	1
	2
	7(2)
	3(2) +4
	6(2)
	7 16

	M1
	2.1
	7 2
	16 7
	32x
	+14y
	−113

	A1
	1.1b
	(b)
	(c)
	113 14
	Area is
	1  113
	214
	7
	3
	(3x
	7 2
	+
	
	2
	
	4
	Trapezium area is
	dx
	4



	)2
	
	
	0
	81 7
	81 7
	145
	7 3
	7 3
	(3x
	4−
	81 7
	7 3
	2
	81 7
	(5) B1ft (1) B1ft
	M1 A1
	M1
	A1
	(5)
	1.1b
	2.2a
	1.1b 1.1b
	3.1a
	1.1b

	(11 marks)
	Notes
	Check the diagram for all parts. If there is a contradiction between answers, the answer in
	the main body of the script takes precedence.
	(a) B1: M1:
	7 2
	7 2
	2,
	y=
	or may see e.g.
	oe
	Differentiates to achieve the form (which may be unsimplified)
	Quotient rule:
	A 3x2 + 4 − Bx2 (3x2 + 4) 2
	3x2 + 4
	Implicit: E(3x2+4)2
	+Fxy(3x2+4)2=G oe E,F,G0 (May see alternatives)

	1 2
	(3x
	3x


	A1:
	oe which may be unsimplified or simplified
	4 (3
	e.g.
	or
	or
	28(3 x
	4)
	7(3x
	4)
	4)
	3xy
	(3x
	(3x
	4)
	4)

	Whilst not strictly dependent on the first M, there must have been some attempt to differentiate i.e. they cannot get a gradient from substituting x=2 into the original
	equation (it must be a changed function) and using the negative reciprocal of this as

	M1:
	7 2
	their m. If no method is shown to find the y coordinate then it must be
	A complete method for the equation of the normal:
	attempts to find the gradient at P using their
	. Condone arithmetical slips and
	dy dx
	y x
	. (Accept e.g.x=2,
	=... without needing to check)
	this is correct for their
	uses the negative reciprocal to find the gradient of the normal at P (note they may have
	1 m
	d d
	dx dy

	. m→−
	already manipulated their
	method
	uses their gradient of the normal with x = 2 and their y coordinate to find the equation of
	to −
	) This must be a correct process in the
	1
	"7"16

	7 2
	the normal i.e. y−"
	(x−2) Condone a sign slip on the y−
	If they use y=mx+c they must proceed as far as c = …


	A1:
	(b)
	B1ft:

	(c)
	32x+14y−113=0 Allow any integer multiple of this equation.
	113 14
	or exact ft on their normal equation so allow for
	their their
	c b
	Accept e.g.
	0,"
	113 14
	oe Also accept
	c b
	or
	0,
	c
	
	b
	if no equation was found in (a)
	Area
	QON
	12769
	896
	Area
	Area

	PMN
	343 128


	miscopying provided the intention is clear. If just a value is stated you may need to check
	B1ft:
	Area of trapezium:
	1 113
	2
	7 2
	2 oe e.g.
	1 2
	113
	113
	1 2
	113 32
	7 2
	Follow through their part (b) and their y coordinate of P.
	The expression is sufficient. The x coordinate of point N see the diagram above must be greater than 2 if used and the y coordinate of point Q must be greater than 0
	Also allow if in terms of a, b and c where appropriate
	e.g.
	1
	2
	c b
	7 
	2 
	1 
	2 
	c 
	b 
	c
	a
	1 
	2 
	c
	−2"
	a
	7 2
	" if no equation
	was found in (a)

	M1:
	so look for 8
	7
	Alternatively, may integrate the equation ofl
	113 14
	113 14
	113 14
	16 7
	8 7
	"dx
	81 7
	You would need to follow through on their l and they would need to havesubstituted into the correctly integrated expression.
	isw if a correct expression is seen but they evaluate incorrectly.
	If just a value is stated you may need to check that it is a correct follow through.
	D(3x2
	+4)2(+c)
	Int
	substitution method or even integration by parts but you just need to look for the correct
	form for their integrated expression to see that it is equivalent.
	Note they may attempt
	egratesviaanymeth
	od to obtain
	May see attempts at the
	16 7
	x+
	113 14
	mark.
	+4
	dxbut ignore the integration on the straight line for this

	A1:
	7 3
	(3x2+4)2(+c) oe which may be unsimplified. Look for the equivalent correct answer
	7 3
	depending on their substitution e.g. using u=3x2+4
	u(+c).

	M1:
	Complete and correct strategy for the area of R. Whilst not strictly dependent, there must have been some attempt to integrate to find the area under the curve, however poorly carried out.
	Look for area of their trapezium – area under the curve between
	and
	following an attempt to integrate where both areas are positive. Condone subtracting
	either way round for this mark.
	e.g.
	81 7
	7 3
	x2+4)2"
	81 7
	7 3
	4−
	7 3


	A1:
	11(a)
	185
	tan
	awrt 1.272
	or
	13 4
	185 cos (
	+ 1.272 )

	B1
	M1
	A1
	(3)
	1.1b
	1.1b
	1.1b

	(b)(i) (b)(ii)
	185
	or awrt 16.4
	cos
	t
	12
	+ 1.272
	0.2
	t
	12
	awrt 6.4
	+1.272+0.2



	(t=)
	=t =..
	6:22 or 6:23oe (seenotes)
	B1ft
	M1
	A1 B1ft
	2.2a
	3.1b
	1.1b 3.2a
	(4)
	(c)
	t
	12
	185cos
	1.272
	0.2
	dD dt
	dD dt
	 185
	t
	sin
	1.272
	0.2
	12
	t = 15
	15
	3pm
	 185
	sin
	1.272
	0.2
	 12
	)awrt2.75


	M1
	3.4
	dM1
	3.1b

	A1
	1.1b
	(d)
	Examples:

	(3)
	the demand for electricity is not the same every day during cold weather the demand will be greater
	in the summer, demand will be less


	B1
	3.5b
	(1)
	Notes
	(a) B1: M1:

	Note that B0M1A1 is possible
	185
	13 4
	4 13

	(11 marks)
	4
	" 185"
	" 185"


	A1:
	72.9
	May be implied by (±) any of awrt 1.27 or awrt
	17.1
	or awrt 0.298 or awrt
	107
	or awrt 1.87 or awrt
	Mark (b)(i) and(ii) together (b)(i)
	or

	(30−185) (GW)
	(ii)

	M1:

	May set "30+185cos
	12
	A1:
	(c)

	M1:

	12
	+0.2
	12
	+0.2
	Look for any reason that suggests the demand is not the same every day or it is different to this particular day. They either need to:
	• suggest the demand is not the same every day such as
	o it varies at different times of the year / the length of day(light) varies o this was only for a particular day
	• suggest a possible scenario where the demand might be different such as
	o it is different at weekends
	o may have dinner at a different time of day on a Sunday o might introduce an incentive scheme
	o the price cap might affect how much people use
	o people might go abroad in school holidays
	Do not allow “we do not have enough data” (too vague)
	12(a)
	B1
	B1
	B1
	1.1b
	1.1b
	1.1b
	(b)
	px
	px2
	qx


	4ac

	(
	−
	q2 4p

	4pk
	M1
	A1
	M1
	2.1 1.1b
	3.1a

	A1
	2.2a
	(a) B1:
	(4)
	(7 marks)
	Notes
	Do not penalise if they have working for part (b) on the graph as well
	A Vshapedcurve sittingon the positive -axis andappearing in atleastquadrant 1. Do not
	be too concerned about the graph being non-symmetrical.
	Condone/giveBODif their right armof the V extends as part of their working.

	Examples of graphs which score B1

	B1:
	Note any labelling on the graph takes precedence over coordinates stated in the main body of the text.
	The vertex is on the positive x-axis and is marked
	,0 or allow x=
	which may be
	seen as the intercept on the graph. May be scored from an incorrect shape for the graph, but must have a single vertex on the x-axis. Condone the coordinates written the wrong way round provided point is in the correct position.




	B1:
	(b)

	M1:
	A1:
	The graph passes through the positive y-axis at (0, q) or allow
	which may be seen
	as the intercept on the graph. Note a graph which just meets at (0, q) and does not appear in both quadrants 1 and 2 is B0
	Condone the coordinates written the wrong way round provided point is in the correct position.
	Note some candidates also attempt
	=px−q Withhold the final A mark only when

	the range is not fully correct. E.g. they would have to reject the range of values
	or give an inequality which is k

	oe only
	Sets
	=−px+q and rearranges to a 3TQ equation in x with terms collected on one side.
	Condone sign slips in their rearrangement only.
	Note setting
	=−px−q is incorrect and scores M0
	px2−qx+k=0 oe with all terms on the same side. May be implied by further work
	e.g. attempting the discriminant with correct values for a, b and c for their 3TQ equation in x


	M1:
	Attempts b2−4ac0 for their 3TQ in x with a, b and c in terms of p, q and k. This does not
	need to be from setting
	k x
	=−px+q. The constants p, q and k embedded in the correct
	positions in the inequality is sufficient for this mark. Condone use of … for this mark and if “=” seen then check further work to see if a valid inequality is formed.

	A1:
	k
	q2
	oe e.g.
	𝑘 < 0.25𝑞
	𝑝−1

	Does not require a lower bound for
	k but if given it must be
	0
	k
	q2 4p
	oe May use alternative notation e.g.
	k:k
	4p
	or
	0,
	Do not accept e.g.
	q2 
	 or 𝑘≤
	4p
	4𝑝

	Only isw if a correct range is given but they then attempt to use set/interval notation incorrectly.
	Note
	: Alternatively, it is unlikely to be successful but they may attempt to square both sides and
	multiply out both sides, making little further progress. However, it they attempt the
	difference of two squares and reach a 3TQ equation in x with all terms collected on one side this may score M1.
	Question
	13(a)
	(b)
	Alt(b)
	Scheme
	2cos
	sin
	3cot
	2cos
	or e.g.
	2cos2
	3cos
	cos
	or e.g.
	2cos"
	sin"
	or e.g.
	3cot"
	6
	
	2cos"
	1 12
	e.g.
	u1
	sin
	1 12
	sin"
	6
	6"




	)
	OR
	e.g.
	)
	(1
	1
	12
	or
	−
	7 12
	7+
	oee.g.
	6 6
	1 2
	7+
	7+
	(" 6")
	7+
	oee.g.
	7 12
	Notes
	Marks

	M1
	AOs
	3.1a
	dM1
	1.1b
	ddM1
	2.1

	A1
	(4)
	2.2a


	M1
	3.1a
	dM1
	2.1

	A1
	(3)

	M1
	2.2a
	3.1a
	dM1
	2.1

	A1
	(3)
	2.2a

	(7 marks)

	Mark (a) and (b) together and condone notational errors provided the intention is clear. May work in degrees or radians – either is acceptable.
	(a)

	M1:

	sin
	ar
	2cos
	ar2
	3cot
	cos
	cos
	Note for any further marks they must only use exact values

	cos
	A1:

	cos
	cos
	sin
	cos
	6
	cos
	u3u4
	or
	Note r may be expressed in terms of trigonometric functions but do not allow
	cannot clearly be an angle in radians or degrees e.g.
	sin"
	sin"
	sin
	6
	6"
	u1
	e.g.
	or
	or
	(" 6")
	2cos
	sin
	and
	May be implied by a correct exact value for a for their exact value for r
	Condone if an exact value for r is not found in (a) and they just state a value for r then
	sin
	provided it is not clearly an angle in degrees or radians allow e.g. r = 4 a=
	but not
	sin
	so a
	r =
	Note it is unlikely they will score any further marks unless they
	have chosen an exact value for
	of either
	6,
	2or
	dM1:
	Attempts to find the sum of the first 3 terms using their exact value for r dependent on the previous method mark.
	The expression is sufficient which must be numerical and exact. functionsmust have been dealt with forthismark.
	from (a). It is
	Alltrigonometric
	a(
	1
	12
	1 12
	6 12
	e.g.
	or
	7+
	7 12


	A1:
	or exact equivalent in simplest form e.g.
	(from a fully correct method)
	lt(b)

	M1:
	3+4+u
	u r

	S=
	cos
	Adds the three terms in the question using their exact value for
	where
	sin
	May be implied by
	cos
	−1

	achieve one in part (a) provided
	cos

	and
	Alternatively they may sum the three terms using their exact value for
	correctly
	cannot be r). e.g. sin
	2cos
	3cot
	 6
	 6
	 6
	cos
	consistent with their exact value for
	dM1:
	The expression is sufficient which must be numerical and exact.
	Attempts to divide their sum of three terms by their exact value for r2. It is dependent on the previous method mark. The expression is sufficient which must be numerical and exact. All trigonometric functions must have been dealt with for this mark.
	If they did not achieve an exact value for r in (a) it is unlikely that their chosen value for
	cos
	will lead to an exact value for r.
	3 +
	+u5
	u r
	Note they may attempt S=
	or use the summation formula with
	which would score M1dM1 at the same time. The numerical and exact
	6"

	expression would be sufficient to score both marks.
	7+
	7
	12


	A1:
	or exact equivalent in simplest form e.g.
	(from a fully correct method)
	7+
	Beware of incorrect values for r leading to
	or
	7+
	e.g. r=
	e.g.
	(M1dM0A0viaAltmethod)
	 
	
	sin
	=3+
	
	+3
	
	
	7+
	(M1dM1A0 via Main scheme)
	Question

	14(a)
	(b)
	Scheme
	1 x
	x(A
	t 2

	oe
	ln
	0,x
	t x
	At
	ln0.3
	−
	0.3
	4A 8
	ln21
	c
	+
	4,
	ln 0.3


	8+
	ln70
	 
	
	3.06t
	3.06212...)
	t2 2
	+
	ln 0.3
	0.3e
	ln
	e.g.

	or e.g.
	or e.g.
	0.3e
	0.3e

	Maximum occurs when
	Marks



	M1 A1
	M1
	dM1 A1
	(5) B1ft
	AOs

	3.1a 1.1b
	3.1b
	2.1 3.3
	2.2a
	x=
	0.3e

	) awrt32.6

	L−
	(mg L−
	)or awrt 32.4 (mg

	M1 A1
	3.4 3.2a
	(c)
	0.1
	0.3e
	8
	ln70
	
	t−
	
	ln3
	 −3.06t−
	ln3

	(3)

	M1
	3.1b
	− 3.06t − ln 3
	) awrt 6.46

	dM1 A1
	3.4 2.3
	(3)
	(11 marks)
	Notes
	(a) M1:


	A1:
	x=At
	Separates the variables and integrates to the form
	ln
	1 2
	"t
	oe
	1 2
	"tt(+c) or lnx="
	1 2
	"(A−t2
	+c)
	t2 2
	lnx=At−
	+c) oe

	Note if there is no constant of integration in their expression then no further marks

	M1:
	can be scored in this part
	Requires:
	states or uses t = 0 and x = 0.3 to find their constant of integration.
	states or uses t = 4 and x = 21 to find A
	0)
	Both constants may be simplified or unsimplified. May be implied by their constants so may need to be checked. If working is seen they must be using their equation in x and t.
	+c

	oe where A and c in their
	equation may be numerical if already found.
	It is dependent on the first method mark only.
	Condone sign slips and isw once a correct form is seen. Condone miscopying slips provided the intention is clear. Note that they may have done some rearranging in earlier work so you need to check the processing from when they have first integrated. Allow invisible brackets to be recovered or implied by further work.


	A1:
	(b) B1ft:

	M1:
	t2
	8+ln70−2t
	ln70
	t−

	2 oe in the form x
	2t+tln704 −

	t e.g.x=
	2 or x=0.3e
	x=0.3e
	f()
	t2
	8+ln70

	2t+awrt1.06t−
	t− +ln0.3
	2

	awrt3.06t−

	2 or x=
	Allow e.g. x=0.3e
	2 or x=e
	Must be x =…. and constants must be to 3sf or better where necessary. Condone the t appearing after the ln70 if seen and condone −1.2(0) for ln0.3) Isw once a correct answer is seen.
	Deduces that the maximum occurs when t = A or allow their numerical value for A to at least 3sf. Condone A0
	Uses their equation of the model to find a numerical value for x when
	=0
	dx dt
	Condone if they do not deduce t=A and attempt to differentiate their equation from part
	dx dt
	=0,t=... and use this value in their equation of the
	(a) and allowing them to state
	model to find a numerical value for x. In either approach condone the value of t to be negative. If the value for t is not seen in their equation of the model and just a value for x
	is stated you may need to check this on your calculator (or allow t="3.06"x=...)
	Note they may alternatively attempt to complete the square on
	t2
	− (t−3.062)2+4.6879..
	− +3.062t

	x="0.3e2
	t="3.062" and proceeds to
	"x="0.3e2
	"and deduce the maximum is when
	0 + 4.6879..

	" 0.3e

	A1:
	) ignore units. Condone awrt 32.4 for use of A=3.06
	awrt 32.6 (mgL−1
	(c)
	Allow use of
	ort
	(or another letter)

	M1:
	Sets their f() = 0.1 w
	heref(t)isoftheform
	(but c could be
	zero) and achieves a 3TQ equation in t which may be unsimplified. The = 0 may be
	You do not need to be concerned by the mechanics of the rearrangement and condone reverting back from an incorrect form equation back to the required form.

	A1:
	Question
	15
	Scheme
	Assume that a
	and


	=2n
	are both odd so that
	+1 where

	=2m+1 and b
	𝑚,𝑛∈ℕ,𝑚≠𝑛
	Marks
	AOs
	e.g.
	n2+4n+2 or e.g. =
	m2
	which is even


	M1 A1
	1.1b 2.1
	e.g. So


	2(2
	is even

	m2
	c is even
	say
	dM1
	2.1
	As e.g.
	2m2
	2m2
	2m
	2n
	+1=
	is odd and
	is even
	there is a contradiction.
	Hence a and b cannot both be odd. *
	A1*
	2.4
	(4)
	(4 marks)
	Notes

	M1:
	A1:
	dM1:
	Substitutes the given algebraicallydistinctoddnumbers into a2+b2
	, and expands. Terms do
	not need to be collected. Condone slips multiplying out including
	(2m+1)+(2n+1)=4m2+1+4n2+1
	Condone coefficient slips but they should have an expression of the form
	Am2+Bm+Cn2+Dn+E where

	A,C,E
	May be implied by their factorised form.
	Requires both a correct expression that is clearly even AND
	they either need to state that the expression is even oe or deduce that
	is even
	+4+2 which is even
	+4
	+4
	e.g. 4
	e.g. 2(2m2+2m+2n2+2n+1) hence c2 is even (or condone so c is even)
	e.g. 4(m2+m+n2+n)+2 which is not odd
	Condone dividing through by 2 to show that there are no fractions
	Do not accept e.g. “4m2+4m+4n2+4n+1+1 which is even” as the expression is not in a form where it clearly is even – they would need +2 not +1+1 or e.g. factorised
	A full argument leading to a contradiction
	e.g. recognises that c2 must be of the form 4k2 and then divides through by 2 (can use any letter other than a, b, c, m or n for k)


	A1*:
	Note there are many alternativewaysofproceedingtoacontradictionwhichshouldbe marked in the same way.

	A1*:

