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General Marking Guidance

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

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

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

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

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

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

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

e Crossed out work should be marked UNLESS the candidate
has replaced it with an alternative response.
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General Instructions for Marking
The total number of marks for the paper is 75.
Edexcel Mathematics mark schemes use the following types of marks:

‘M’ marks

These are marks given for a correct method or an attempt at a correct method.
In Mechanics they are usually awarded for the application of some mechanical
principle to produce an equation, e.g. resolving in a particular direction; taking
moments about a point; applying a suvat equation; applying the conservation of
momentum principle; etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation
(i) should have the correct number of terms
(ii) each term needs to be dimensionally correct

For example, in a moments equation, every term must be a ‘force x distance’
term or ‘mass x distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos)
must be resolved to earn the M mark.

‘M’ marks are sometimes dependent (DM) on previous M marks having been
earned, e.g. when two simultaneous equations have been set up by, for
example, resolving in two directions and there is then an M mark for solving the
equations to find a particular quantity — this M mark is often dependent on the
two previous M marks having been earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be
awarded if the previous M mark has been earned. e.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often
given for a comment or for a graph).

A and B marks may be f.t. — follow through — marks.
General Abbreviations

These are some of the traditional marking abbreviations that will appear in the
mark schemes:
e bod means benefit of doubt
¢ ft means follow through
o the symbol | will be used for correct ft
cao means correct answer only
e SO means correct solution only, i.e. there must be no errors in this part
of the question to obtain this mark
e isw means ignore subsequent working



awrt means answers which round to

SC means special case

oe means or equivalent (and appropriate)

dep means dependent

indep means independent

dp means decimal places

sf means significant figures

* means the answer is printed on the question paper

|: means the second mark is dependent on gaining the first mark

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

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

If a candidate makes more than one attempt at any question:
¢ If all but one attempt is crossed out, mark the attempt which is NOT
crossed out.
e If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.
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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+0q), where|pg| =|c|, leading to X=...
o (ax?+bx+c) = (mx+ p)(nx+q), where|pg| =|c| and |mn| =|a| , leading to X=...

e Formula
0 Attempt to use the correct formula (with values for a, band c).
e Completing the square

b\
o Solvingx* +bx+c=0: (XiEJ tq+c=0, q#0, leading to X=...

Method marks for differentiation and integration:
e Differentiation

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

o 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:
e Method mark for quoting a correct formula and attempting to use it, even if 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 your
team leader for advice.
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June 2025
WFEMO2 Further Pure Mathematics F2
Mark Scheme

QNT;S:&Z? Scheme Notes Marks
1(a) Correct r
r=442 Accept +4+/2 or +/32 0r | Bl
other processed equivalents.
2./6 . o Complete method to find an
0 = —m +arctan T =— +§ =73 argument in the correct M1
22 quadrant for their r
7 Blicaz _%,,i Correct answer in the form AL
=-2 2_(2 6)"4 2e specified. Accept with /32
3)
(b) 25 =—2J§—(2J€)i
_21+2k,, Attempts De Moivre correctly with either
(4\/—) all roots indicated or simplified r with one | M1
argument. See additional notes.
Three correct roots provided coefficients of =
for & are single fractions, allow for 0< 8 <27
2, 1 Al
x/—e ) \/_e15 J2e3 , Allow (4«5)5 oe for x/Eand correct roots in
147r .
- —— trig form
15 15
Ve =, Jae All five correct roots and no extra. Must have
107, Al
-7 <6 . Allowe.g., J2e 5 for \/—e3
3)
Total 6

Additional Notes:

(a) N _ _ _

B1: Accept positive or negative root. Allow if seen in part (b).

M1: Requires a method to achieve an argument in the correct quadrant for their r. Accept attempts at

arctan & + 7 or arctan & + 7z for attempts where r > 0, or equivalent methods via arccos or arcsin
22 2\/6
2r Ar Irx

(must use r as the denominator). May be implied by sight of any of 335 or oz if no method is

shown.

In cases where a negative r is given, accept attempts at just arctan (&J or arctan [ 2[] provided they

22 2\/6

do not subsequently adjust to a different quadrant.
Al: Correct answer in the form specified, with —z <& < 7. Must be given in correct form, but accept

answer with negative r, i.e. —4\/§e5I Accept with exact processed equivalents for r.
Note: Correct answer with no working shown will score B1M1(implied)A1l.
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(b)
M1: Applies de Moivre correctly with their answer to (a) which could be in trig form, to reach either
simplified modulus with one correct argument for their (a), or multiple arguments with unsimplified
modulus.

Condone missing “i”” for the M.

2r.
Note: If +2k is not used or is used incorrectly this mean you can score M1AQAO for just Joe
Al: Accept for three correct distinct roots allowing arguments in the range -z <8<z or 0<8 <27 for
this mark. The modulus need not be simplified for this mark.
Al: All 5 correct roots in the form specified.



QNl:Jens]ttl)g? Scheme Notes Marks
2 dzy dy 2 29
b A AV
e dx )
MZ1: Differentiates to obtain
dy  d’y dy .. o three correct terms
W—4W—1Oy&_2xe Al: Fully correct MIAI
differentiated equation
y(3)=2y'(3)=-1 Uses the given equation and
y”(3) _4(_1) 5x2°=1> y”(3) =17 their equation to obtain M1
ym(3) _ 4(17)_10(2)(_1) -6 ym(3) _54 values for y (3) andy (3)
(v2)y(3)+ v (3)(x-3)+ y"(S)(X_3)z . y”'(3)(x_3)a _ | A correct unsimplified Taylor
- 2 s 3 series for their y"(3)and | p1
2 3
2—1(x—3)+—2 (x-3) o (x-3) y"(3)
Vo (v L I a2 )3 Correct simplified series.
(y_)2 (X 3)+ 2 (X 3) +9(X 3) “y = ...” is not required Al
(5)
Total 5

Additional Notes

M1: Attempts to differentiate using the chain rule at least once — at least three terms correct, allowing for
slips in rearranging before differentiation.

Al: Any correct third derivative expression. They may have rearranged first.

M1: Finds the values of the second and third derivatives using the given equation and their third derivative
expression (which must have at least three terms). Condone one slip in substitutions as long as evidence of
the correct values used is seen. If substitution is not seen, correct values can imply the method.

M1: Applies the Taylor Series formula correctly with the given values of y and g_y and with their values for
X

the second and third derivatives — the first two terms must be correct. If the values of their second and third
derivatives are not explicitly stated but embedded in the series, it must be clear that a correct attempt at the
series has been used — the denominators 2 and 3! (or 6) must be seen — but their values need not be correct.
Condone a miscopy of one of their values if it is clearly a correct attempt to apply their value to the series.
Al: Correct fully simplified series expansion. The y = is not required and condone if f(x) is used.
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Question
Number

Scheme

Notes

Marks

3(a)

m(l-o)
N

Circle centred at origin with radius
of 1 correctly indicated in any way.
May use +ior +1 in appropriate
position on imaginary axis.

Bl

1)

(b)

iz —i
W=
z+1
Swz+w=9z-i= z(w—9i):—w—i

—-W—i WH+i
=>7=—=

= —= — oe
w-91 91—-w

M1: Makes z the subject
Al: Correct expression oe

M1 Al

—W—Ii . .
|z| = ‘rgl‘ = |W—9|| = |W—(—|)|

Uses |z|=1and obtains
[twtz)|=[twtz,|
Requires previous M mark.

dM1

u? +(v—9)2 =u? +(v+1)2
or ~18v+81=2v+1
20v =80
v=4

=v="4"

Obtains v =k with k correct for
their
lw— pi| =|w-qi| ce
or substitutes u +iv for w, applies
Pythagoras correctly and obtains a
value for v

Allow *“y = ...” for this mark.
Condone v = 4i for this mark.

Requires both previous M marks.

ddM1

v=4only

Correct equation

Al

(5)

Total 6

Alt 1:

using

points
on

|z|:1

9i-i

9i° —i
=—, W=
1+1

i+1

z=1=w

M1: Uses two correct values of z in
the formula to obtain two
expressions for w
Al: Both expressions for w correct

M1 Al

-9 1-i -10+8i
W= Xx——=

= : - = =-5+4i
1+1 1-i 2

w=4i,

Simplifies expressions to a + bi
form including correct method to
rationalise denominators.
Requires previous M mark.

dM1

:> V :Il4ll

Obtains v =b with b correct for
their a + bi forms.
Allow *“y = ...” for this mark.
Condone v = 4i for this mark.

Requires both previous M marks.

ddM1

v =4 only

Correct equation

Al

(5)

Alt 2:
using
u+iv

iz —i
W=
z+1
Swz+w=9z-i= z(w—9i):—w—i

M1: Makes z the subject
Al: Correct expression oe

M1 Al
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Wi W

== - =—
w-91 9i—-w

_—u—iv—ixu—(v—9)|

>7=—— .
u+iv—-9i u—(v-9)i
2 T, Replaces w with u + vi and
== (V2+1)(V 92 10ui rationalises the denominator and | dM1
u”+(v-9) extracts real and imaginary parts
u+(v+1)(v-9) 10u
= X==— 2 =TT o o2
us+(v-9) us+(\v-9)
2 2
u?+(v+1)(v-9 10u . o
X2+ y? :1:>( v )) t( ) —1| Applies x* +y? =1 and simplifies
(u*+(v-9)) to identify a factor v—k =0 ddM1
NN (V_4)(u2 2 —18v+81) ~0 Same conditions as main scheme.
v=4only Correct equation Al
®)
Alt 3: W_9i(x+iy)—i><x+1—iy_
using Cox+iy+l  x+1-iy M1: Replaces z by x + iy and
X+iy ~ ~ ~ 2\: rationalises the denominator. M1 Al
- Sy(x+1) +(Ox 1)Y+((9X Dx+1)+9y )' Al: Correct expression oe
(x+1)°+y°
~10y +(9x* +8x—-1+9y* i
1+2x+x*+y? Expands and applies x* +y* =1 to dML
-10y +(8x—-1+9)i | -5y+4(x+1)i simplify to linear coefficients
- 1+2x+1 B X+1
5y Simplifies to a constant imaginary
=——+4i =>v=4 term and deduces the equation. ddM1
X+1 Same conditions as main scheme.
v=4only Correct equation Al
()

Additional Notes

(a)

B1: Draws the correct circle, allow tolerance with shape, look for the intent, and indicates the radius is 1.
Accept +1 on the imaginary axis or incorrect notation of coordinates as long as the radius of 1 is implied.
May be drawn as the radius. Accept r =1 stated next to the diagram, but not x> + y* =1 without further

indication of the radius being 1.

(b)

Note for the main scheme ddM1 first deduction is from using the perpendicular bisector of 9i and —i.
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Number Scheme rotes e
4 2
4d—32’—11ﬂ—3y=78e3* yzg, OI—y=0 atx=0
dx dx 2 dx
(@) y = xe™ = Correct first and second
, N N . . . derivatives (need not be Bl
y'=e” +34xe”", y"=34e” +31e”" +91xe simplified).

M1: Substitutes their attempts at
the derivatives of form

4(62e% +94xe™)-11(2e™ +34xe™ ) -3(Axe™ ) =78e% | ¥ + Bxe* into the differential | M1

=131e¥ =78 = 1=6 equation and solves for 1 Alcso
Al: Correct value from fully
correct
(©)
(b) 4m’ -11m-3=0= (4m+1)(m-3)=0 N _
1 Forms auxiliary equation and M1
—~m= - 3 solves (usual rules)
_ ,%X . For Ae™ + Be™* with their real M1
CF: y=Ae * +Be and different values of m
1, Correct GS ft their non-zero 4
y=Ae 4 +Be” +"6"xe* including “y = ...” Alft
©)
(c) dy 1. -k M1: Differentiates to obtain an
- a Ae 4 +3Be* +6e* +18xe* or ft expression of the correct form | M1 A1ft

Al: Correct ft expression

X =0, yzg:g=A+B _ _ _
2 2 Substitutes the given values into
their equations and solves M1

dy 1
x=0 &_O:O__ZA+3B+6 simultaneously for A and B

=A=.., B=..
13 Fully correct particular solution
y=6e 4 —=e* +6xe* (including “y = ...” unless this | Al
2 was penalised in part (b))
(4)
Total 10

Additional Notes

You may mark this question as a whole. Do not be concerned about part labelling as many will answer out
of order, e.g. finding CF before PI.

@ Note: This appears on ePEN as MMA but we are marking it as BMA

B1: Correct first and second derivatives.

M1: Full process to find the constant. The derivatives need not have been correct for this mark but must

have form ae® + gxe** («, B #0), look for the correct process.

Alcso: Correct value from fully correct work. The xe®* must have cancelled in their equation giving only
A=6.

(b)

M1: Correct attempt to solve the auxiliary equation. If no method is shown the correct values can imply the
attempt.

MZ1: Correct CF for their values, which must be real and distinct.

Al: Correct solution following through their value for 4. Must include they =..
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(©)
M1: Differentiates to correct form Pe 4 +Qe* +Rxe™ +"6"e* (P,Q,R#0), condoning at most one slip

in powers. Must involve the product rule.

Alft: Correct expression following through on their value for “6”.

M1: For a full process to set up and solve simultaneous equations in A and B (or their variables) using the
given values. Do not be concerned about algebraic slips, as long as two equations are set up then allow for
any values following them.

Al: Fully correct, but only penalise a missing y = ... in the first instance it would otherwise gain a mark.
Allow from solutions which gained A4 =6 in (a) even if from incorrect work.
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Question Scheme Notes Marks
Number
5(a) A AL B N C
r(r+1)(r 2) ror+l r+2 Any valid method to obtain at
= A(r+1)(r+2)+Br(r+2)+Cr(r+1) least one constant with partial |\,
—0: 2=2A—= A=1 fractions of the correct form.
r:—lz 29— _B—B=_2 Could be implied
r=-2: 2=2C=C=1
1 2 1 . .
———t— Correct partial fractions Al
r r+l r+2
(2)
(b) %_%+/¥+
%—g+%+ _
0 Attempts at least three rows with
2 _ }{ - % + % + their partial fractions of a correct
- M1
~r(r+1)(r+2) o form (see notes). Implied by
correct expression
s
-t
Al: Correct constant terms or
1 1 2 1 .
=1-1+—+ - + algebraic terms extracted AlAl
2 n+l n+l n+2 Al: Fully correct expression
Combines terms of the form
1 1 1 (n+)(n+2)-2(n+2)+2(n+1) q
2 n+1+n+2_ 2(n+1)(n+2) P, n+b’ and n+candno M1
others into a single fraction
_n’+3n+2-2n-4+2n+2  n(n+3) c _ N
2(n+1)(n+2) = 2(n+1)(n+2) orrect expression
()
(©) Forms inequality or equation,
n(n+3) L cross-multiplies or puts over |\
2(n+1)(n+2) 15 common denominator and
15n? 4 45n > 14n? +42n + 28 expands brackets
2
h"+3n-28>0 Forms and solves 3TQ
(n+7)(n-4)>0 inequality or equation (usual | dM1
=n=..orn>.. (n>4) rules)
n=>5 5 only Al
3)
Total 10
Additional Note
(a)
M1: Must be correct partial fraction form with three fractions. Note that + is not a
r(r+1) (r+1)(r+2)

complete partial fraction form so is MO, but this form can be used to score full marks in part (b).
Al: Correct form.
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(b)

M1: For evidence of correctly applying the method of differences to the question. This may be implied by
extraction of the correct terms if no/incomplete method is seen. If method is shown they should give at least
three lines of fractions to show cancelling.

Al: For either the correct constant terms at the start or the correct algebraic terms at the end extracted from
the differences.

Al: All correct terms extracted (and not others)

1 1 .11 1 1 1 1 1 .
will give =—=+>-—4. . ——————=———_~ _ whichcan

r(r+1) (r+)(r+2) 2 6 6 12 (n+HY(n+2) 2 (+DH(n+2)

score M1A1A1, and then the next M for combining these.

M1: Combines the terms to a single fraction provided terms of suitable forms were extracted — as shown in
scheme. The denominator must be correct but allow a slip in the numerator.

Al: Correct answer from correct work.

(©)

M1: Sets up and forms the required inequality, or accept as an equality formed, and proceeds to form an
unsimplified quadratic equation or inequality by cross multiplying or by correctly putting terms over a

common denominator and expanding the n(n+3) and (n+1)(n+2) brackets.

dM1: Solves the resulting 3 term quadratic (accept if just one root found). Note: answers which try to solve
for the whole solution set for n will carry this out as part of the working, and can score full marks. Solutions
to the quadratic by calculator are acceptable — you may need to check and accept if only one root of their
quadratic is given.

Al: Correct answer only.

Note: Trial and Improvement or calculator methods which do not form a quadratic inequality or equation
will score no marks.

Note that




Question Scheme Notes Marks
Number
6 2d—y+(cotx)y+(tan xsecx)y’ =0
X
@ oL d_ 2dy
y dx y® dx o
, 1 , dy 1z [ _.dz N ; Any cg;rect equation in .
Y =3 x 2Zax | Y dx ﬁ and ™ (may be implied)
= dy 1 -dz
dx 2 dx
d4z Substitutes to obtain an equation
3 3 _
-y d_x+(COt X) y+(tan xsecx) y =0 with j_z as the only derivative M1
X
dz cotx _
Xy +tanxsecx =0 Fully correct proof with
q intermediate step after Al*
—Z—(cotx)z = tan xsecx * substitution
dx
©)
(b) |E = ej—cotxdx ILE = ejircotxdx M1
_gnsmx _ 1 Correct processed LF.inany | ,,
sin x form
1 ) 1 Applies
_Z :J . Xsmxx dx I.F.xz=II.F.xtanxsecxdx M1
sinx Jsinx CcosXx COSX
Condone y for z
_z _ (sec? xdx = _Z —tanx (+c) Correct equation in iansl X Al
sin X sin x Condone missing “+c
z=sinx(tan x+c) = y? = — 1 oe Fully correct general solution. Al
sinx(tanx+c) Accept equivalent forms.
()
© 43 __ 1 — ﬁJrC _ ﬁ —~C=.. ﬁ Correctly substitutes the given | .,
3 %(@H:) 3 2 6 values to find a value for ¢
= y? = 1 _4 dM1: Substitutes x =% and their c into
3 3
3 7(\@+T) ! their equation and reaches y? = ... ory = dM1 A1
27 with trig terms evaluated.
=Yy= J_rToe Al: Both correct exact values.
The negative value must not be rejected.
3)
Total 11

Additional Notes:
Condone poor notation of sin™" x for cosec x as long as it is treated correctly.
(a) Note for A mark you may condone a missing “=0" in intermediate lines as long as it is implied by

working.

(b) Note an equivalent form for the answer is y* =

COS X

3

sin?

X+ Ksin 2x

which will lead to c=— in (c)
12
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QNuestlon Scheme Notes Marks
umber
7 =/3sing (010117 r=3cosd (—gmemg)
(a) V3sin® =3cos6 = tan 6 =+/3 B1: Either correct coordinate
0% 3 3 B1: Both correct coordinates and | B1 B1
—v=3 r‘E or 2’3 no others
(2)
(b) 11 Uses one of
J‘(\/_sme d49 Kj E_Ecoswde— or sin?@=+1+1cos20 or
11 cos’ 0 = i%i%cosw inan | M1
I(3C0$9 ) de MJ- i ECOS 20d0 =. attempt to integrate r? for one of
the equations.
) 11 Uses both
J-(«/gsin 9) do =K E—Ecoswd@ =... and sin® @ =1-1cos26and
, 11 cos’d=1+1cos26 inan M1
J-(3C°5 0) do =M JEJFECOS 20d0 =... attempt to integrate r? for both of
the equations to correct form.
AV 3 1.
J(@sm 9) deo 25(9_53'” 29) and Fully correct expression after
9 1 integration ignoring limits Al
J(gcos 9)2 do :E(0+§Sin 29) (accept equivalent expressions)
1 .~ e 3[. 1. . 3 Full process for at least one of
EJ.; (\/§s|n 9) do 22[ 6’—38!” 20" | =...or | the two areas required, including
0 correct area formula, with their M1
1.7 , 9 1 3 attempt to apply the double
—J',f (3cos)" do =—{'9+—sin 29"} =... angle formula, and evidence of
2% 4 2 3 correct limits applied.
1(5a .y 15 , Full and correct process for the
Areaof R :E,[o 3sin 9d9+EL 9c0s°0dé | area of R. Formulae and limits
must all be correct, and evidence | DM1
=§[1_15in2_ﬂ_(0_0)}+2 L (ﬂ+ 15m2_7rj of limits applied, with areas
413 27 3 4| 2 3 23 added.
Correct answer.
7 33 37 93 57 343 5 3 AL
4 16 8 16 8 4 Allow a=2, b=-7
(6)
Total 8

Additional Notes

(@)

B1: One correct coordinate, do not be concerned about the method for this mark. Allow for @ :% seen

and isw if they go on to use 4 :%

for this mark.

B1: Both coordinates correct, and no extras. Again, do not be concerned about the method. Condone if
given in the wrong order in a coordinate pair.

(b)
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M1: Starts correct process to find one of the two areas. Must be using r? for one of the two curves,
attempt a double angle formula sin? @ = +1+1cos20 or cos’ @ =+1+1cos260 and any attempt to
integrate the result (no matter how poor, ie a changed function). Condone errors with the coefficient not
being squared.

M1: A full process to find the integral of r? for both curves with correct double angle formulae used, so

sin®@=4-1cos26and cos* @ =1+1cos20 and reaches correct for each, but again allow if slips occur

in the coefficient.
Al: Fully correct integration for r® for both curves. The coefficients must have been correctly dealt with.

Note the % may be included throughout.

B
. .1 . . 1
MZ1.: For a full correct process to find at least one of the areas. Must be using EJ‘ r*dé including the r

a

and with correct limits for the area applied (condone not showing subtracted 0°s), but condone slips in the
coefficients when squaring and condone if incorrect double angle formula attempts were made.

Note: Some candidates may attempt to find only one area and double the result. If the area formula is
clearly seen or applied before doubling this is acceptable as an attempt for the full process for one area.
DM1: Depends on all previous method marks. Fully correct process for both areas and adds the results.
This may be done separately or in one expression throughout the working.

Al: Correct answer.



Question

Scheme Notes Marks
Number
8(a) For intersection when x > 0:
15x ) M1: Solves 3TQ obtained from a
X+4 X correct equation (usual rules) for
15x = X +2x 8 x>0
W2 _13x—8=0 Al: Correct exact positive value MIAL
_ (condone negative root also
« - 13+v201 included)
2
For intersections when x < 0:
15x K2
—x+4 M1: Solves 3TQ obtained from a
15X = —x%>+6x—8 correct equation (usual rules) for M1 Al
X% +9x+8=0 X<
(x+8)(x+1) 0 Al: Correct values
=>x=-8 -1
M1: For a<x<b, x>c oe
13+ /201 withcvs a<b <0 <C from the
Bax<-l x>tV correct equations. M1Al
2 Al: Fully correct set of values in
any form
(6)
(b) 15x )
ra M1: Solves 3TQ obtained from a
15% = —x% — 2%+ 8 correct equation (usual rules)
W +17X—8=0 Al: Correct exact positive value | M1 Al
FLiX=e= (condone negative root also
w o —17+v321 included)
2
(<8 x> .13++4/201,, Correct regions ft their a < 0 and B1ft
' 2 c>0
Correct set of values in any
form.
o _17++/321 1344201, Allow ft ontheircvsa, band c
X<"=8% T, Xt provided a <b <0 and Alft
c> % V32 .458...)
(4)
Total 10

Additional notes.
“Usual Rules” : as well as the general information, we will accept here solutions by calculator having

reached a quadratic equation but they must be correct solutions for the stated quadratic if no method is
shown (you may need to check).

(a)

Accept with any inequalities used instead of equalities for the solving of the intersection points. For
methods via putting over common denominators score the Ms for the process of putting over a common
denominator and solving for the numerator = 0.
May see attempts via squaring
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15x —x—2:|x|:

15x 11x+8 2 (11X+8
X - =X =
x| +4

4
X—2

2
—_— ] then cross multiplies (or puts over a common
X—2 X—2

denominator (x— 2)2) to get
= X*(X* —4x+4) —(121x2 +176x+ 64) =x*—4x*-117x* —176x—64 = 0. This will probably then be

solved by calculator, which as algebra has been used will be accepted. Score M1 for the process reaching
quartic, Al correct quartic, M1 for solving the quartic (look for attempt to factorise to linear terms with
correct product of roots, or accept answer from calculator — may need to check), Al for at least the three
relevant roots (and condone if x =2 is also include for this mark).

For the final M they must be producing a solution set of the correct form from their CVs from attempts at
the correct equations (but may have had incorrect method for solving), so if extra values from
denominators are used it will be MO (regardless of whether the form of the answer is correct).

FYI % ~—13.6 is being used often as one of the limits, but note it is less than —8, so
—8<x< % V201 1sed is MO but you may condone the "—8 < x" for the B1ft in (b).

Final Al: Accept any correct equivalent notation. Accept with “and” or “or” written between inequalities,

13+/201 wj
2 ]

but if using set notation must use the union. E.g. in interval notation (—8,—1)u( . Use of

square brackets is AO.

(b)

Attempts at squaring may be seen again here. They will need a full process leading solving a quartic.
Again for the A, accept if other roots are also included at this stage.

B1ft: For the follow through same “outside” ends of the region matching their answer to (b) in their final
answer.

Alft: Accept answers of the correct form providing their answer to (a) was of the correct form as specified

-17++/321
2

in the scheme and theircis ¢ > (=0.458...).
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Question

Scheme Notes Marks
Number
%) c0s56 +isin50 = (cos @ +isin §)° M1
= cos® 6+ °C, cos* 4(isin §) + °C, cos® 6 (isin §)” + °C, cos? A (isin 9)° + °C, cos@(isin &) +(isin o)’
(sin56 =)5cos’ #sin @ —-10cos’ Gsin® 6 +sin° & M1: Equates imaginary parts | ;4 a9
Al: Correct expression
M1: Uses cos” @ =1-sin® # and
) reaches an expression of the
=5sin@(1-sin’ @) —10sin° O(1-sin’ @) +sin® @ correct form
—5sin0—10sin’ 6 +5sin® 0—10sin 0 +10sin° g +sin®p|  AL: Correctexpressionor | M1 Al
_165in° @ —20sin® +5sin 0 ~a=16, b=-20, ¢=5
sin 50 must have been seen at
some point
(5)
(b) km . .
For0=—, kell, sin5d =sinkn=0= Sets their answer to (a) = 0
5 . . M1
_ _ ) Could be implied
16sin® 6 —20sin’ @ +5sin@=0
sin@(16sin* 0 - 20sin’ 0+5) =0
> Solves their quadratic in sin®@ |\,
it g ~(-20) % /(-20)’ - 4(16) 5) _20+/80| to find both roots (usual rules)
2(16) 32
5++/5
+ .
iz KT _ 5_8\/51 0 Al g ¢ AL Bl
S B1: 0
(4)
Total 9

Additional Notes

()

M1: Attempts to expand (cos¢9+ isin 9)5 to obtain an expression of the correct form for the three imaginary

terms. May use c+is notation. Need only see the imaginary terms, condone missing or incorrect real terms.

Binomial coefficients may be as expressions or values, if values only used they must be correct. The powers

of i may be processed in the initial expansion. Allow invisible brackets if recovered.

M1: Extracts the imaginary terms from the expansion. The equating to sin56 may be tacit at this stage.

Al: Correct expression for sin58 (though the sin 56 need not be seen yet) in terms of sin@ and cosé.

M1: Uses cos® @ =1-sin’ @ to eliminate cos® from the expression to get to an expanded equation in sin @

only. Terms need not be gathered at this stage, but the simplification may be done in one step.

Al: Correct answer including the sin56 having been seen identified with the expression at some stage if not

included at the end. Accept values for a, b and c stated following reaching a suitable equation in sin @

(b)

M1: Recognition of the correct process seen by either their answer to (a) equal to zero, which by be implied,
or by an attempt to solve it (the “=0" being implied, accept one correct root for their equation as evidence).

M1: Correct method to solve the quadratic in sin®@ after factoring out the sin @ - both roots must be given.

Condone for this mark if they mistakenly mislabel the solution to the quadratic in sin®@ as sin @, but do not
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allow the A if they go on square their values. Note answer stated directly from the quintic score MO. They

must at least identify the quadratic in sin® @ before reaching the answers (from calculator).
Al: Correct answers only but accept equivalent forms.

B1: For 0 identified as a value for sin? k?n - this can come from anywhere (method not required).
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