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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 for the paperis75.

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

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

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

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

Marks should not be subdivided.

3. Abbreviations

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

bod - benefit of doubt
ft - follow through

o thesymbol \)cvill be usedforcorrect ft
cao - correct answer only

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

isw - ignore subsequent working
awrt - answers whichround to

SC - specialcase

oe - orequivalent (and appropriate)
d.. ordep - dependent

indep - independent

dp - decimal places

sf - significant figures

% - The answer is printed on the paper orag- answer given

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

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



7.

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

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

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

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

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

Ignore wrong working orincorrect statements following a correct answer.



EDEXCEL IAL MATHEMATICS
General Principles for Further Pure Mathematics Marking

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

Method mark for solving 3 term quadratic:
e Factorisation
o (X*+bx+c)=(x+p)x+q), Where|pq| = |c| , leading to x=...

o (ax’ +bx+c)=(mx+ p)nx+q), where|pq| = |c| and |mn| = |a| , leading to x=...

e Formula
o Attempttouse the correct formula (withvalues for a, band c).
e Completingthe square

2
b
o Solvingx® +bx+c=0: (“5) tq+c=0, ¢g#0, leadingto x=...

Method marks for differentiation and integration:
e Differentiation

o Powerofatleastonetermdecreasedbyl. (x" — x"")
¢ Integration

o Powerofatleastonetermincreasedbyl. (x" — x"*')

Use of a formula
Where amethod involves using a formula that has been learnt, the advice giveninrecent
examiners’ reportsis that the formula should be quoted first. Normal marking procedure
is as follows:
e Method markforquoting a correct formula and attempting to use it, evenif there
are small errors in the substitution of values.
¢ Where the formula is not quoted, the method mark can be gained by implication
from correct working with values but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked
for, or working with surds is clearly required, marks will normally be lost if the candidate
resorts to using rounded decimals.

Answers without working

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



1. Solve the equation
=32

Give your answers in the form r(cosf + isnf), where » > 0 and 0< 0 < 2r

(3)

(Total for Question 1 is § marks)



Question Sl Marks
Number
1 r=2 Bl
At least one of 6’:0,2—72,4—”,6—7[,8—7z oe Bl
5 5 5 5
Atleast30f6’=0,2—7[,4—”,6—ﬁ,8—7[ oe Ml
5 5 55
r =2, andat least 3 of: 6’=O,2—7[,4—”,6—ﬁ,8—7[ Al
5 5 55
All correct: =2, 9:0,2—7[,4—”,6—7[,8—” Al
5 5 5 5
)
Notes
B1l:  r=2 which may be implied by their answers.
B1:  For at least one correct argument e.g. one of € =0, 2?7[, 4?7[, 6—7[, 8% but allow a correct
value out of range e.g. at least one of —2?7[, —4?7[, —6?”, —8?” which may be implied by

their answers.

Note that z = 2 implies both B marks.
MI1: For at least 3 correct and distinct arguments which may be out of range as above.

May be implied by their answers. Allow 7 to be incorrect for this mark.
Al:  For the correct value of 7 and at least 3 correct and distinct arguments in range.

. 2r 4r 6rm 8x ) T .

e.g. r=2 withany 3 of =0, <555 which may be implied by their answers.

Al:  For the correct value of 7 and all correct arguments in range.

. 2 4 . N .
e.g. r=2 with =0, ?ﬂ, ?ﬂ , 6?7[, 8?7[ which may be implied by their answers.
Ignore extra answers outside the range.
For a fully correct solution that has extra solutions in range, deduct the final A mark.
Answers in degrees: Penalise once the first time it occurs but do not penalise 0°
For reference: Angles in degrees are: 0, 72, 144, 216, 288

If they subsequently convert the angles to radians then allow recovery.

Note that answers in a general form can score full marks if correct.
e.g. these score full marks:

z=2(cos 2];ﬁ+isin 2’;”),(/(:0, 12,3, 4): r=2, g=0, 2% 4% O% 3%

55 55
2k
(z :)2e S (k=0,1,2,3,4)
But
z= 2(cosszﬁ +1isin 21{%} scores B1 only.
Note that if » =2 with =0, 2?7[, 4?7[, 6?7[, 8?7[ is found and the solutions are then formed

2k
incorrectly e.g. z = Z(COS%Z +sin 2?”) ore.g. 2e 5 then isw can be applied.




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

Use algebra to find the set of values of x for which

|J:'2—9‘ < |1 —2x|
(6)

(Total for Question 2 is 6 marks)



Question

Number Scheme Marks

\x2—9\<\1—2x\

(ignore use of any strict/non-strict inequalities instead of “=" when finding cv’s)

X-9=1-2x=>x*+2x-10=0=>x=...

or M1
X -9=—14+2x=>x*-2x-8=0=>x=...
2+
xzz_T\/ﬂ or x=-2,4 Al

X-9=1-2x=>x*+2x-10=0=>x=...
and dM1
X -9=-1+2x=>x*-2x-8=0=>x=...

2+
x=2_Tmand x=-2,4 Al
One of: —1+x/ﬁ<x<4 or —1—«/ﬁ<x<—2 Al
Both —l+x/ﬁ<x<4 and —1—\/ﬁ<x<—2 Al
6
Notes

MI1:  Attempts to solve x> —9=1-2x oeor x’ —9=—1+2x oe to obtain 2 non-zero values of x.

Must be solving a 3TQ — see general guidance but also allow calculator solutions so this mark may be
implied by correct values for their 3TQ (you may need to check).

Al:  One correct pair of values. May be seen embedded in an inequality or e.g. on a sketch.
Allow the irrational roots to be at least as given here or —1+ JI1orawrt 2.3, 4.3 or truncated
23..,-43...

dM1: Attempts to solve x*—9=1-2x oeand x*—9=—-1+2x oe to obtain 4 non-zero values of x.
Must be solving a 3TQ — see general guidance but also allow calculator solutions so this mark may be
implied by correct values for their 3TQ (you may need to check).
Depends on the first method mark.

Al:  Both pairs of values correct. May be seen embedded in an inequality or e.g. on a sketch.
Allow the irrational roots to be at least as given here or —1=+ J11or awrt 2.3, -4.3 or truncated
23..,-43...

For the final 2 marks (which must follow both previous method marks):

—2++/44
2

-2-~44
For -1+ \/ﬁ allow , for —1— \/ﬁ allow — but must be exact here.

Allow alternative notation e.g. (—1+\/ﬁ, 4) , (—1—\/ﬁ, —2), 4>x>—1+x/ﬁ, x>—1+\/ﬁ and x <4,

—2>x>—1—\/ﬁ, x>-1-+11 and x<-2

Al:  One correct inequality.

Al: Both inequalities correct. Allow the inequalities to be written separately or with “,” or “or” or “and”
or U between them but not N between them.

In an otherwise fully correct solution, if any extra incorrect regions are given, deduct the final A mark.




Q2 Alternative by squaring
(ignore use of any strict/non-strict inequalities instead of “=" when finding cv’s)

(x*=9) =(1-2x)" = x* 182> +81=1—dx +42°

x'=22x +4x+80=0=x=... Ml
2+
x:2_—m or x=-2,4 Al
2
2+
xzz_TJﬂ and x=-2,4 dMI1A1
—1+\/ﬁ<x<4
or Al
—1—\/ﬁ<x<—2
—1+\/ﬁ<x<4
and Al

—1—\/ﬁ< x<-2
Notes

MI1: Attempts to square both sides, collect terms, rearrange and solve a quartic equation to obtain at least
2 values of x that are non-zero. Allow calculator solutions so this mark may be implied by correct
values for their quartic (you may need to check).

Al:  One correct pair of values. Itis for -2,4 or -1+ JIT. May be seen embedded in an inequality or
e.g. on a sketch.

Allow the irrational roots to be at least as given here or —1+ J11or awrt 2.3, -4.3 or truncated
2.3..,-43...

dM1: Obtains 4 non-zero values of x. Allow calculator solutions so this mark may be implied by correct
values for their quartic (you may need to check).
Depends on the first method mark.

Al:  Both pairs of values correct. May be seen embedded in an inequality or e.g. on a sketch.

Allow the irrational roots to be at least as given here or —1=+ J11orawrt 2.3, -4.3 or truncated
23..,-43...
For the final 2 marks (which must follow both previous method marks):

—2++/44
2

-2-4/44
For —1+ \/ﬁ allow , for —1— \/ﬁ allow — but must be exact here.

Allow alternative notation e.g. (—1+\/ﬁ, 4), (—I—Jﬁ, —2), 4>x>—1+x/ﬁ, x>—1+x/ﬁ and x<4,

2>x>-1-+11, x>-1-+/11 and x< -2
Al:  One correct inequality.
Al:  Both inequalities correct. Allow the inequalities to be written separately or with ,” or “or”” or “and”
or U between them but not N between them.
In an otherwise fully correct solution, if any extra incorrect regions are given, deduct the final A
mark.




A
-
A
ba | &

dv
(cosx) E} + (sinx)y = 2 cos’ xsinx — 3 0

(a) Find the general solution of this differential equation.
Give your answer in the form y = f(x).

(7)
(b) Find the particular solution of this differential equation for
which y =3 V3 at x= %
Give your answer in the form y = f{x).
(3)

(Total for Question 3 is 10 marks)



Question Scheme Marks
Number
3. d :
@) ay+(tanx)y:2coszxsmx—3secx M1
Integrating Factor: [ = ej e dM1
I =secx Al
ysecx = J‘secx(2cosz xsinx—3secx)(dx)
or M1
d 2.
—(ysecx)=secx(2cos” xsinx—3sec
dx(y X) X( XS x )C)
. . 1
I2cosx51nxdx=s1n2x or —cos’ x or ——cos 2x Al
Must follow the previous method mark
I—3se02xdx=—3tanx Al
Must follow the previous method mark
Follow through their integration and their integrating factor:
ie y= their(sin2 x—3tanx+ k) +theirsec x
Examples of a correct answer:
y =cosxsin® x—3sin x+k cos x
or Alft
1 .
y= —EcostOSZx—3smx+kcosx
or
y=—cos x—3sinx+kcosx
@)
Notes
Ml1: Attempt to divide through by cos x. If the intention is not clear must see at least 2 terms
divided by cos x. May be implied by a correct integrating factor.
dM1: 1= ™) o % +Py=..
Dependent on the first method mark. May be implied by use of sec x oe as the integrating
factor.
Al: or (cosx) " orsecx and condone cos™' x if the intention is clear.
COS X
M1: Attempts to use their integrating factor correctly e.g.
v their IF = [ O(x) x their IF(dx) or %( v their IF) = O (x) their IF
. dy
from their A +P(x)y = Q(x)
If there is any doubt, must multiply at least one of their Q(x) terms by their IF
Al:  Correct integration of 2cosxsinx. Must follow the previous method mark.
Al:  Correct integration of —3sec’ x. Must follow the previous method mark.
Alft: Follow through their integration (must be a changed function and not just and their

Q(x) x their IF) and their integrating factor but must be y = ... with the constant dealt with

correctly. Depends on the third method mark.
Allow any equivalent correct or correct ft expressions which may be unsimplified so allow
tan x

e.g. -3 for —3sinx

S€C X




b 1 .
(b) e.g. 3\/_=——cos£cos2£—35m£+kcosz:>k=... Ml
2 3 3 3
y =cosxsin® x—3sinx+k cosx
3\/-__[\/_J _3£ k— :(9\/__%) oe
1 .
y=——cosxcos2x—3sinx+kcosx
Al
1) V3 1 1
33z = |3 ks k=[9y3 -~ | 0e
=33 (2) 2 2T (IJ
y=—cos3x—35inx+kcosx
:3{:—(-) —3£ LN (9\B+ J
2 2
y:cosxsin2x—3sinx+(9\/_—zjcosx oe
or
1 . 1
y=—§cosxcos2x—3smx+ 9\/_—2 cosx oe Al
or
. 1
y:—cos3x—3smx+(9x/§+zjcosx oe
3)
Total 10

Mi1:

Al:
Al:

Substitutes the given conditions into their y = f (x) and attempts to find a value for their

constant.
Correct constant for their method from a correct function in part (a).

Notes

Correct equation or equivalent correct equation but mustbe y = ...




4r +2 . ) ,
4. (a) Express ——————— in partial fractions.
Flr +1)(r +2)

(3)
(b) Hence. using the method of differences, prove that
i 4r+ 2 _ nlan+b)
~ir(r+D(r+2) 2n+1)(n+2)
where a and b are constants to be found.
()

(Total for Question 4 is 8 marks)



uestion
?\Iumb or Scheme Marks

4(a) 4r+2 A B C

—_ =4+ —+ —>A=..orB=..or C=...

r(r+1)(r+2) r r+l r+2 Ml
l+ 2 3
r(r+1) (r+2) ALAL

A
Notes
M1:  Correct partial fractions method e.g. substitution or compares coefficients to obtain one of 4, B or C
A B C
for

7 (r+1) (r+2)
Al: 2 Correct fractions (or values)
Al:  Fully correct partial fractions.
It is not for just the correct values unless the correct fractions are seen in (b).
Correct answer with no working scores full marks in (a)

4r+2 A B 1 3

NB use of e.g. r(r+l)(r+2) - r(r+1)+(r+1)(r+2) - r(r+l)+(l’+1)(’”+2)

Scores no marks in part (a) unless the fractions are split further.



(b) Must have partial fractions of the form é, B , LA, B, C# 0 to score the
r (r+l) (r+2)
first M mark in (b)
"(123j(123) (123)(12 3}
Z: —+——= |+ === |t —F+——— || —+—— M1
~ \1 2 3 2 3 4 n-1 n n+l n n+l n+2
=1+z+l— 3 + 2 3 Al Al
1 2 2 n+l n+l n+2
S(n+1)(n+2)—2(n+2)—6(n+1)
= dM1
2(n+1)(n+2)
n(Sn—%7)
Al
2(n+1)(n+2)
6)
Total 8
Notes
MI1: Attempts at least the first 2 groups of terms and the last 2 groups of terms which may be implied by

their fractions identified below provided all the necessary terms (algebraic and constant) are seen
Allow other letters for n (most likely to be ) except for the final mark — see below

If terms are found beyond the limits of the summation e.g. » =0, » = n + 1, these can be ignored for this
mark as long as at least the terms for =1, 2, n — 1 and » are seen.

No cancelling needs to be seen at this stage.

Al: 1+ 2 + 1 _3 identified as the only constant terms.
1 2 20 2
Al: - 3 + 2 3 oee.g. — L S identified as the only algebraic terms.
n+l n+l n+2 n+l n+2 n+2
dM1: Attempt common denominator from terms of the form A,i , only.
n+l n+2
Must see (7 + 1)(n + 2) in the denominator and an unsimplified or simplified polynomial of order 2 in
the numerator.
Depends on the first method mark.
Al:  Correct expression. Must be in terms of # for this mark.

Allow recovery in (b) from e.g.

4r+2 A B 1 3

F(re)(r2) r(rr D) (reD)(rt2)  r(ra) (a0 (r42)

4r+2 1 3 1 | 3 3
=—— +

etc.

r(r+1)(r+2) r(r+1)+(r+1)(r+2) ror+l orel ra2




Note that there will be other correct approaches in (b):

Alternative 1: using change of summation limits:

e S Sy S £
r (r+1) (r+2) — I (r+1) - d I Lamed T 731r

r=1

2 3 y y 1 3
:—2+—+3+———— - etc.
n+l1 2 n+l n+2 Jr 11 111” 2 n+l n+2

Score as follows:

M1: for an attempt to change all summations to E = and add/subtract terms to compensate.
r

Al: for —2+3+§ oe Al: for 2 - 3 — 3 oe
2 n+l n+l n+2
M1A1: As main scheme.

If you are unsure if an attempt deserves credit use Review.

Alternative 2: grouping terms:

Z%+(r—2|rl)_(r43r2) ZZ%_(712)+Z%_(:2)

r=1 r=l1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
=l l-—4+=——+ == +2l ===+ ==+ = + -
3 2 4 n-1 n+l n n+2 2 3 3 4 n n+l n+l n+2
— 1+1_L_ 1 +2 l_ 1
2 n+l n+2 2 n+2

Score as follows:

M1: for an attempt to group terms and consider at least 2 terms at the start and at least 2 terms at the
end for each group.

Al:forl+%+2 oe Al: for — ! — ! - 2 oe

n+l n+2 n+2
M1A1: As main scheme.




n

Given that

2-32, s_r[ﬁ) =3y
dx” dx

(a) show that

dy 1 [2_1» dy [1 - SEJ - 5[@)_ + 3EJ
' (2-x)0 dx° dx dx d;

(3
. dy 1
Given also that y=3 and — = — at x=0
dr 4
(b) obtain a series solution for y in ascending powers of x with simplified coefficients,
up to and including the term in x°
4)

(Total for Question 5 is 9 marks)

Note that part (a) is now being marked as MdMAddMA not MMABA



Question

Number Scheme Marks
3(a) d’y d’y d’y
(2—X2)dx2 —)—2de2 +(2—x2)@
or M1

: e
and dMl1
2 2
Sx[d—y] —>5(dyj +5 ><2dy )2}
2 3 2 2
—2x9;§+(2—x2ﬁ1%+5 Y s @4y b Al
dx d " \dr d d® " dx
3 2 2 2
=(2- ﬂdf 24y SFQ) s W4y by
& T dd T ldx de de®  dx
& | I ; PRCE ddM1A1*
4y 2x f(l—S—yJ—S(—yJ AN
' (2-2) 7 dr dx dv)  Tdx
3

Mi1:

Notes (Now marked as MdMAddMA not MMABA)

. ) ndiy . dzy 2 d3y
Differentiates (2 -X )w using the product rule to obtain xy + (2 -X )—

dx3
o &y &y .dy , d’y d’y ,dy
May be implied by e.g. (2— =2 and —x° - 2x——-x —=
y be implied by e.g. ( )dx Y S e PR
2 2 3
ie. x° ((:x); —>.X 3;2} +..x ((;x);
2 2 2
Or Differentiates S5x (d_yj using the product rule to obtain (d—y) + xd—yd—);
dx dx dx dx
It must be clear that the expressions are not simply a result of expanding the given answer.
2 2 3
dM1: Differentiates (2—x2)3x); ...xjx—f+(2—x2)jx—);
o d’y . d° y d2 y d’y d’ d’y ,d’y
May be implied by e.g. (2 ) e =2 o dx2 and —x’ o — —2x o —-x’ o
2
ie xz—J;—». d—);+ xzd—J;
dx
2 2 2
And Differentiates 5x (d_y) using the product rule to obtain (d_yj + xd—yd—J;
dx dx dx dx
Depends on the first method mark.
2 2 2
Al:  Fully correct differentiation e.g. —2xd—32} + (2 X ) & 33/ S(dy] +5x % 2d_yd_)2/ = 3d_y
dx dx dx dx dx dx
3
ddM1: Rearranges to make ic—J; the subject. Depends on both previous method marks.
A1*: Obtains the printed answer from fully correct working.




d2y

(a) Alternative 1: Makes the subject first and then quotient rule.

&
d’y 3y—5x(%)2
d’ (Z—xz)
2 2
[3(1)}—5((1)}) —5x><2dydz);}(Z—xz)—[%/—Sx(dy) ](—2x)
¢y | dr \dr dx dx dx M1dMIA1
dx3 (2_x2)2
2 2
- {33—5(3) 5 2dyd);}(2—x2)—{3y—5x(y) }(—2)()
dx3 (2_x2)2
|:3dy—5(dyj2—5x><2dydz);}(Z—xz)—{(Z—xz)dQ);+5x(dy)2—Sx(dyjz:l(—bc)
dx \dx dx dx dx dx dx
B (2-x) ddM1A1x*
2 2 2
{3‘”—5(@) —ledde;}(Z—xz)+2x(2—x2)d);
de e dx dx dx
(2-¢)
3 2 2
jx);:(Z 1 2)[2x3xf(1—5%]—5(%J +3%J *
—X

Mi1:

dMl1:

Al:
ddM1:

Al*:

Notes (Now marked as MdMAddMA not MMABA)

3y—>5x (%)2
Attempts the quotient rule on W Award for the form
-X

(2-2)(3r-5x(2) ) £(2-+) {3y -5x(2)) iy

(2_x2)2 where (3y—5x(%) ) and (2—x2)’ are
dy

2
attempts to differentiate these expressions and includes an attempt to differentiate 5x[—j

&Y dyd’
using the product rule to obtain (ayj + xayg);

Complete attempt at the quotient rule to obtain:

2 2 2
...dy+...(dy] +...xd—yd—)2} (Z—xz)i...x 3y—5x(dy]
d’y B dx dx dx dx dx

o (2-x)

Fully correct differentiation in any form.

2 2
Replaces 3y with (2 -x )jx—); + Sx(%j and cancels through by (2 - xz)

Obtains the printed answer from fully correct working.




2
(a) Alternative 2: Makes d—J; the subject first and then product rule.
dx

33:”(‘5’“(;) (3y ss(8))(2-)'

&y |.dy _(dy dy 2
JZFE S(dx +|3y—5x i —(2—x2) x=2x | M1dM1A1

3 B ~ 2
d_);: 3d_y_5(d_yj —5x><2d y &y (2 x) +2x(2—x2)2 3y—5x(d—yj
dx dx dx dr di® dx

3 2 2 2
4y 3d—y—5(d—yj —5x><2dyd); (2-x*) +2x(2-x%)" (2—x2)d—f+5x(d—yj —Sx[d—yj
d' | Tde \dx dv dx dx dx dv

2
3dy—5(dyj ~10x dydy (2-x)+20(2-x2) 2 ddM1A1*
dr ~\dv dr

(2—x2)2

3 2
d{= L 1o dz(l de) s(d—y) PR
dx (2—x2) dx dx dx dx

Notes (Now marked as MdMAddMA not MMABA)
2 _
Attempts the product rule on (3 y— Sx(%) )(2 — xz) l Award for the form

MI:
(2—x2 )_1 (3y—5x(%)2) +((2—x2 )_1) (3y—5x(%)2) where (3y —Sx(%)z) and ((2 —x’ )1) are
2
attempts to differentiate these expressions and includes an attempt to differentiate Sx(ay]
2 2
using the product rule to obtain (d_yj + xd—yd—);
dx dx dx
dM1: Complete attempt at the product rule to obtain:
3 2 2 2
d_); - {d_ij[d_yj +...xd_yd—);}(2—x2 )71 +...x(2—x2 )72 {Sy—Sx(d—yJ }
dx dx dx dx dx dx
Al:  Fully correct differentiation in any form.
2
ddM1: Replaces 3y with (2 -X ) jxy +5x (jﬁ] and cancels through by (2 - xz) or equivalent work.
Al*: Obtains the printed answer from fully correct Working.




d’y

(a) Alternative 3: Makes ol the subject first, splits and then uses the quotient rule on both terms.

&y _ 3y _ Sx(%)z

%:3(3)(2(_x2)_)3y<—2x> [5($>2+5xx2<@>(f)}<2)2 AN |
2-x° 2-x°

34 (2-27)-((2-x°) 2 +5x(8) ) (-2)
(2-¢)
[5(3;’) +5x><2dﬁy}(2 x)=sx(L) (=2x)
(2-¢)
3¢ (2-x")+2x(2-x") Ly - [ <) +5xx2dydy}(z x*) ddMIAT*

v)

dx

(2-

dy-i-2xd—) [ L4 +5x><2§vjxf}
(2-")

1

:—(2_x2)(2x%(1—5%)—5(%)2+3%) x

M1:

dMl1:

Al:

ddM1:

Al*:

Notes (Now marked as MAMAddMA not MMABA)
3y a SX(%)Z
B
ol slens) BN e o)
Award for the forms (2 * )(3y) i3y(2 x) and( x> x(dx) ( x) x(d)

2] 2]

where (3 y)' ,(Sx(%)z) and (2 — xz) are attempts to differentiate these expressions and includes

Attempts the quotient rule on

2 2
an attempt to differentiate Sx(%) using the product rule to obtain (%) + ...x%i—f

Complete attempt at both quotient rules to obtain:

gy A(2)2-r)t _[..(g) ox(2 )(g;)}(z_xz)i,,,xz(jﬁ)z

dx’ (2-2*) (2-2*)

Fully correct differentiation in any form.

Combines both fractions with a common denominator of ( 2-x )2 ,replaces 3y with

(2 —x’ )% + Sx(%)2 and cancels through by (2 —x )

Obtains the printed answer from fully correct working.

Other methods e.g. rearranges, splits and uses 2 products can be marked in a similar way.
If you are unsure if a particular approach deserves credit use Review.




(b) d’y 9
& 2 b
2
d3_y 1 S(d_yj 3d_y :l(_5XL+§):l Ml
dx* 2 dx dx 2 16 4) 32
2 3
(y:)3+lx IX T x Ml
4 22! 323l
(yz)3+lx+2x2+lx3 Al
4 4 192
()
Total 9
Notes

B1:

Mi1:

Ml1:

Al:

Correct value for jx—);

3
Attempts to find a value for d—);
dx

Working need not be seen/checked as long as a value is obtained and a value may just be written
down.

Correct application of Taylor’s series using their values for the derivatives (accept 2! or 2 and 3!
or 6)

Correct simplified series. The “y =" is not required.




(a) Find the general solution of the differential equation

d’y dy >

—{—6—}+8y =2x +x

dx~ dx
(8)

(b) Find the particular solution of this differential equation for which
y=1 and 2 =0 when x=0
dx

(5)

(Total for Question 6 is 13 marks)



Question

Number Scheme Marks
6(2) m? —6m+8=0= (m—2)(m—4)=0, m=2,4 M1
(CF=) Ae* +Be* Al
PL:(y=)ax’+fx+y Bl

V' =2ax+p y'=2a

2a—6(2ax+ﬁ)+8(ax2+,Bx+;/)=2x2+x MI
8a=2, —12a+8f =1, 20-63+8y=0=>a=..,f=.,y=.. dM1
1 1 5
a=—,f=—,y=— AlAl
4 p 2 4 16
2x 4x 1 2 1 5
y=A4Ae" +Be" +—x"+—x+— Alft
4 2 16
®)
Notes

MI1:  Attempts to solve m” —6m+8=0 by any valid method including a calculator so may be
implied by correct values or the correct CF

Al:  Correct CF (“y =" not required)

B1:  Correct form for the PI (“y =" not required)

MI1: Differentiates their PI twice and attempts to substitute into the given differential equation.

There must be evidence of x” — x"' at least once.
The PI must be a quadratic expression with at least 2 terms and at least 2 unknowns.
dM1: Compares coefficients and solves to find values for their &, f and y from a PI of

y=ax’+pBx+y, a, B,y #0.
You do not need to check their working and they may just write down values.
Depends on the previous M mark only.
Al:  Any 2 values correct following the award of both previous method marks.
Al:  All correct following the award of both previous method marks.
Alft: A complete solution, follow through their CF and PI.
Must be y =... or y =... must be seen at some point for their GS e.g. they may start y = PI + CF
All 3 M marks must have been earned.




6(b
(b) yIA62x+Be4x+lx2+lx+i
4 2 16
l=4A+B+ S M1
16
Y ooge vaBe it 0=2444B11 M1
dx 2 2 2
13 15
A=— B=—— ddM1A1
8 16 °°
1 1 1 1
B B 10,103 oe Alft
8 16 4 2 16
(6))
Total 13
Notes
MI1: Substitutes y=1 and x =0 in their GS from (a) to obtain an equation in 2 unknowns.
d
MI1: Differentiates their GS and substitutes ay =0,x =0 to obtain another equation in 2 unknowns.
You do not need to be concerned about the detail of their differentiation provided there is an
attempt and their derivative is not their original function.
ddM1: Solves their 2 equations in 2 unknowns to obtain a value for both constants. You do not need to
check their working and they may just write down values.
Depends on both previous M marks.
Al:  Both values correct from a correct GS and fully correct work.
Alft: Correct particular solution. Follow through their 4 and B and their PI from (a).

Must be y =... or y =... must be seen at some point for their GS but do not penalise its omission if

already penalised in part (a).
Depends on all 3 previous M marks.




7. (a) Show that

where k 1s a constant to be found.

Given that z =cos# + 1sinf, where £ is real

(3)
(b) show that

GRS

— = 2cosné

| .
(11) 2" — — =21smné

(3)
(¢) Hence show that
cos’ @sin’ @ = L (3sin 26 — sin 68)
32
(d) Use algebraic integration to find the exact value of

)

o

5
J. cos’ Bsin’ 6d6
0
(4

(Total for Question 7 is 14 marks)



Quein vk
7(3) 3 3 3
z z z z
1 1
226_7_3(22__2j Al
z z
3
(a) Alternative
3 3
(z+l) :Z3+3Z+§+L3, (z—lj :Z3—3Z+§—L3 MIA1
z z z z z z
3 3
(z+lj (z—lj :(23+3z+§+%j(23—3z+§—%j=...
z z 1 z z 1 z z Al
=z ——-3| 2 ——
z° z

(a) Notes
11y 1Y
MI1: Writes (z +—] (z ——j as (22 ——zj and expands to obtain at least 3 terms of the correct form e.g. 3
z z z
from ..z°%, ..z%, .z 2%, .z °
s AV e a3
Al: For|z'—— | =z -3z +—-z
z z
6 1 2 1 6 -6 2 -2
Al:  z"——-3| z"—— | Condone z" —z —3(2 -z )
z z
1Y 1y
Correct answer with no errors seen. The “(z + —j (z - —J =" does not need to be seen.
z z
Alternative:
M1: Attempt to expand both cubic brackets to obtain at least 3 terms of the correct form in both cases e.g. 3
from ...z2°, ..z, .z ', ..z
Al:  Both expansions correct.
Al:  Expands, collects terms and obtains the correct answer with no errors seen.
1 1
Condone z°—z7°— 3(22 -z ) for z° ——— 3(22 - —2j
z z
1Y( 1Y
The "(z+ —j (z ——j =" does not need to be seen.
z z
(b)(i)(ii) Z" = cos nf +isin nf Bl
z " =cos(—nB)+isin(-nb) or =cosnb—isinnd M1
1 1 ..
z" +—=2cosnd*, z" —— =2isinnd* Al*
z z
3
Notes
Bl:  z"=cosnf+isinnf seen anywhere.
MI1: States or uses z " = cos(—n8)+isin(—n@) (with or without the brackets) or z™" = cos nf —isin né
Al1*: Both correct results obtained following sight of z™" = cos nf —isin né




(c)

3 3
(z+lJ (z—lj :(2c059)3(2isin9)3 oee.g. —2%cos’ @sin’ @ Bl
z z
¢ 1 , 1 .. ..
z' ———3| z" —— |=2isin 66 — 6isin 20 oe Blift
z z

(2cos )’ (2isin )’ =2isin 66— 6isin 20
— 8cos’ ¢9x(—8isin3 9) = 2isin 66 — 6isin 20 dM1
—64isin® @ cos® @ = 2isin 60 —6isin 20

cos’ Osin’ G = 3i2(3 sin 20 —sin 66) * Al*

Q)

Bl1:

B1ft:

dM1:

Al*:

(c) Notes

z z z z

1 N1 1Y
cos @ . May be implied by e.g. lhs = —[z +—j —_(z ——J .
2 z 2i z

. ~1(_ Y[ 1Y :
May be seen in a rearranged forme.g. —| z+— | | z—— | =cos’ fsin’
641 z z

3 3
Uses z+ 1 =2cosf and z 1 = 2isin @ to express (z + l) (z - lj correctly in terms of sin & and

6 2
z z z

1 .. 1 .. . .
Uses z° —— =2isin 66 and z> —— = 2isin 26 to express their z° —ié —3(22 —izj correctly in
z
terms of sin@ and cos@ . Follow through their £ from part (a).
Equates both expressions and attempts to simplify 2° x (2i)3 to obtain i which may be implied.

Depends on both B marks.
Reaches the printed answer with no errors.




(d)
J. cos’ 6’sin30d6’="‘ 3%(3sin20—sin69)d49
. 3 . MIA1
=—| ——co0s20+—cos 66
321 2 6
%
:L{—Ecos29+lcos60}
32| 2 6 .
dMI1A1
(L3 1 _(_zg) _1(4 52
32| 242 62 2 6)| 3213 6
Q)
Total 14
(d) Notes

M1:  Substitutes and integrates to obtain p cos 26 + g cos 66

Al:  Fully correct integration including the 3%

dM1: Substitutes both the given limits and subtracts the correct way round.
Do not allow if working in decimals.

There must be some evidence of both trigonometric terms evaluated with 6 = Py to give an expression

containing /2 and both trigonometric terms evaluated with 8 =0 to give a rational number.

1(4 52 1 52

Al:  Correct exact value with terms collected e.g. —| ———— | or any exact equivalent e.g. ————
323 6 24 192




=

0 Initial line

Figure 1

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

T
Figure 1 shows the curve C; with polar equation r=2asmn2f. 0 <0< 5 and the

circle C, with polar equation r=a.0 < # < 2r. where a 1s a positive constant.

(a) Find. in terms of a. the polar coordinates of the points where the curve €, meets
the circle C,

(3)
The regions enclosed by the curve C| and the circle C, overlap and the common
region R is shaded in Figure 1.
(b) Use algebraic integration to find the area of the shaded region R. giving your answer
in the form %al ( P+ qmﬁ ] . where p and g are integers.
(7

(Total for Question 8 is 10 marks)



Question
Number Scheme Marks
8(a) . . 1
a:2asm26?:>sm2¢9=§:>20=... Ml
sin20=L—=029=2 " Al
2 6 6
a0, ) a2 Al
12) U7 12
3
(a) Notes
M1: Sets a =2asin26 and attempts to solve for 26
Al: Obtains 20 = gor%{ which may be implied.
. . T Sr
Al:  Both points correct. Can be written as e.g. r=a, 8 = E ,E

Apply isw once the correct 7 and @ are seen for both points and condone coordinates written

the wrong way round.




(b)

l><a2 xZ oe Bl

2 3
(%M% (d6) :(%)I(zasinze)2 (d0) Ml
cos46 =1-2sin’ 20 => sin’ 26’=%(1—cos49) Ml

j(l—cos40)(d9) = H—isin49 or 2](1—00549)(d0) = 20—%sin49 Al

Bl1:

Mi1:

Ml1:

Al:

ddM1:

dM1:

Al:

I=a° Q—lsin40 12=a2 E—lsin4.£]—(0) ddM1
4 . 12 4 12
a’r T \/5 a’r
R=2I+ =2a*| =——-= |+ dM1
6 12 8 6
R:%a2(4ﬂ—3\/§) Al
(@)
Total 10
(b) Notes

Any correct expression for the sector area in any form.
5w

. v 1 |
May be seen from an evaluated integral e.g. lJ‘ 2 a2do = —[azé’] =—a’ S—E—EJ
2J= 2 52 12 12

12

Attempts to use J.rzdﬁ with 7 =2asin 26 . Condone the omission of “d&”

o . 1 .
Limits not needed (ignore any shown) and the > may be missing.

) t1+cos46 . )
Uses sin?20 =——"""" in an attempt to reach an integrable form.
> p g

. +1+cos46
Allow equivalent work e.g. uses sin’ 26 =1—cos’ 26 and then cos’ 26 = tltcosdd

Fully correct integration. Condone the omission of “d &’ earlier and condone the omission of
the a”. Limits not needed (ignore any shown) and the %may be missing.

An attempt to find one or both of the regions either side of the sector.

ie uses limits 0 and their% and/or their?—;Z and % both limits to be substituted and

subtracted (if non-zero after substitution).
Limits to be used the correct way round. If two integrals seen award mark if either correct.
Depends on both previous method marks.

. . . 1
Fully correct strategy for the complete area (their sector + 2/ or their sector + / if the 5 was

missing throughout.) All areas must be positive.
Depends on all the previous method marks.
Correct expression in the required form.




