@ Pearson

Edexcel

Mark Scheme (Results)
Summer 2023

Pearson Edexcel International Advanced Level
In Further Pure Mathematics F2 (WFMO02)
Paper 01



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

Summer 2023

Question Paper Log Number 72854
Publications Code WFM02_01_2306_MS

All the material in this publication is copyright
© Pearson Education Ltd 2023


http://www.edexcel.com/
http://www.btec.co.uk/
http://www.edexcel.com/contactus
http://www.pearson.com/uk

General Marking Guidance

All candidates must receive 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.

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



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
e ft means follow through
o the symbol \f will be used for correct ft
cao means correct answer only
e Cso 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:
e 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.



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

2
o Solvingx* +bx+c=0: (xigj +q+c=0, q#0, leading to X=...

Method marks for differentiation and integration:
¢ 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.



estion
QNL:Jmtl,er Scheme Marks
1@ 2 Nr=Vr-2 M1
Jrar=2 Jr=Jr-2
2(Nr=r=2
( ):\/;_\/rT* AL*
r—(r-2)
)
(b) r=2: 2-vJ2-2 (:«/5—0) . r=n-2:JYn-2-Jn-4
r=3: J3-3-2 (:\/5—1) r=n-1: ¥yn-1-+n-3 M1
r=4: J4-J4-2 (:2—«/5) r=n: Jn-+/n-2
- 2
_ —|Jn+dn-1-1 AL A1
;\/F+\/r—2
(©)
(©) 50 )
= |f(50)—f(3)=/50 +/49 -1—({/3+~2 -1 M1
Z; N U CIRIC ( )
(=5v2+7-1-3-42+1)=7+42-\3 Al
)
Total 7
Notes
(a)
M1: Indicates intention to multiply either side by a correct fraction, may use r-2- \ﬁ . The “2” may be

Jr=2-r
missing. May work in reverse from right hand side to left, and this is fine.

Alternatively, may multiply the initial expression through by /r +/r —2 and use a sequence of equivalences
(though accept with = or nothing between lines).

Al: Fully correct proof. A result from rationalisation that is not the given answer must be seen. If using a
sequences of equivalences there must be a minimal conclusion.

(b)

M1: Correct process of differences evidenced in their work, e.g. attempts any three of the 6 expression shown.
There should be enough evidence of at least one pair of cancelling terms. Ignore any attempts at any of r =0
or 1 if they start earlier than r = 2.

Al: Correct algebraic terms or correct constant term(s) extracted. Accept unsimplified expressions such as

"—\/i—\/ﬁ"

Al: Fully correct simplified expression. Must have simplified the /1 to 1

(©)

M1: Attempts f(50) — f(3) using their answer to (b). Must be indication of subtraction. The '—1's may be
omitted, and allow if a slip is made. They may subtract the sum of their results from r =2 and r =3 from
(b) or by using (a) again to obtain f(3) but their answer to (b) must be used for f(50). Allow from attempts
starting at r = 1 in their summations. f(50) —f(4) is MO.

Al: Correct expression or A =7, B =4, C = -1 following a correct answer to (b).

The decimal answer 10.92480344... without evidence of the M mark is 0/2




QNL:;?EJZP Scheme Marks
2(a) 5t . . Sm) 20m . . 20m
Cos—+isin— | =cos——+isin— or/and
12 12 12
s M1/Al
T .. T .
(cos——lsm—j =c0s(—m)+i sin(—)
3 3
5@ . . 5n
COS?—H sm? 5 . (sn
z, = =cos| ——(-x) |[+isin| =—=—(-
(2 )cos(—n)+isin(—n) (3 ( ”)j (3 ( ﬂ)j
M1
50 . . 5m
COS—+isin— 51 S
Alt: (z,=) 3 — _cosZ_jsinE
-1 3 3
_8nm . . 8n 2n . . 2m
=C0S—+isSin— =c0s—+1iSin—
3 3 3 3
Al*
. . ) Y4 . . 57
Alt: if denominator —1 used via e.g. COS ?—ﬂ' +1sIn 3
4)
(b) |z — 21| <1 0 <arg(z-z1) < %”
A circle in any position
. . M1
(may just see the minor arc)
A pair of half-lines in correct
directions from their centre, one with
negative gradient and one parallel to M1
(but not) the x—axis.
If full lines are used the M marks can
be implied by their shading
Area shaded inside their circle between
~ — the two half Im_es from _from the M1
parallel one anticlockwise to the
negative gradient line.
Fully correct shaded sector. See notes. Al
(4)
(©) e T .
arctan ? =3 (or 60°) M1 Al
)
Total 10
Notes
(a)

MZ1: One correct use of de Moivre in polar (or exponential) form. Allow use of e' for cos@+isiné
throughout until the final A.
Al: Both correct (unsimplified) in polar form. Accept for both marks use of

3

(cosg —1sin §j — COS —1SIn 7z but denominator directly to COS 7z +1SIn 7 with no evidence of
dealing with the negative between terms is AO.

M1: A correct method shown for the division of the two complex numbers. No need to simplify for this mark, a

difference of argument in the trig terms is fine. Look for the subtraction of the arguments. Sight of the ?7[

can imply the mark if no incorrect work is seen. Note it is MO if the arguments are added (so




S5t . . [ 57 i . . -
cos (? - 7[] +1sIn (? - 7;] is MO unless the denominator has clearly been written as cosz +1sin

first.)
S5

May write the denominator as —1 first, which is correct, score for —C0OS———1SIN —-.

3 3
Accept methods that convert both humbers into exact Cartesian form, apply a correct process to realise the
denominator and convert back to polar form.

Do not allow going straight to cos?n+ isin ?nfor this mark as it is a given answer. Justification is required

and an incorrect method is MO.

. 2t . . 2m . . . . .
Alcso: Obtains cosét +15sin ?n with suitable intermediate step shown and no errors in the work. Must have

scored the preceding 3 marks. This will usually be via cos%n +1isin %n unless equivalent suitable

working has been shown to justify the correct modulus (e.g. proceeding via —1 in the denominator).

(b)

Do not be concerned about lines being dashed or dotted in this part. Accept either.

MZ1: A circle in any position. You may see just the minor arc of a circle, which is acceptable as long as
it is clearly an arc of a circle (e.g. implied by their shading) and not just a angle demarcation.

M1: Draws or indicates a pair of half-lines from their centre (which need not be in quadrant 2) with
one with negative gradient proceeding up and left and one parallel to the x—axis proceeding right
but not the x-axis itself. If full lines are used this can be implied by the shading of the correct
region between lines.

M1: Shades the area between their pair of rays (the second ray may have positive gradient for this
mark) and inside their circle, anticlockwise from the horizontal line. The half line need not stem
from the centre of the circle for this mark, and accept the x-axis as the horizontal line for this mark.

Al: Fully correct shaded sector. Must
® Dbeinquadrants 1 and 2
® have approximately correct gradients for the half-lines (—1 and 0)
® have circle with centre in quadrant 2 and (if whole circle shown) passing roughly through the origin. If

only an arc is shown apply bod as long as the position is reasonable.
Ignore any centre coordinates and axes intersections of any major sector. If extra regions are shaded they
must make clear which their region R is in order to access the mark.

(c)

MZ1: Identifies the correct point for their sector, which must be from a circle with centre in quadrant 1 or 2
(above the real axis) and ray parallel to the real axis, and attempts the relevant angle. Look for selecting the
point (c, d) at the “3 o’clock™ position having identified a suitable sector and proceeding to find a relevant

. : : c d
positive angle (e.g., allow if m—@& is found) (accept arctania or arctanJ_rE as an attempt at the angle).
Their point must be in quadrants 1 or 2. If no shading was shown in (b) allow for attempts at the relevant
point of horizontal ray and circle intersection. Could use other trig.

Al : Either correct value. Mark final answer.




Number Scheme ek
3 X+2 o X
x+4  K(x-1)
(@) [x k(x+4) (x—1)° :} K(X+4)(x =12 (x+2) < x(x+4)2(x~1)
= Kk(x+4)(x-1)*(x+2) —x(x+4)*(x-1) {< 0}
OR M1
X+2 X (<= kK(x+2)(x=1) —x(x+4) <0y
x+4 k(x-1) k(x+4)(x-1)
(x+4)(x—1)[kx2+kx—2k—x2—4x]{< 0} dm1
(x+4)(x—1)[(k ~1)x* +(k—4)x— 2k} < 0 (oe in corerct form) Alcso
®3)
(b) k=3 = 2x*-x-6=0
[2x+3)(x-2)=0] =x=-3,2 M1
4<xg -3 1<x< 2 il\l/llAl
4)
Total 7
Notes
(@)

M1: Attempts to multiply both sides by e.g. K (X + 4)2 (x=1)%or k? (x+ 4)2 (x—1)*and bring terms together

OR bring terms together and attempt a common denominator. There may be slips but the intention must be
clear - allow if e.g. one term is missing.

dM1: Factorises out (X+4)(x—1)and/or multiplies by (X + 4)2 (x—1)* (which could be implied) and expands

remaining terms to get unsimplified 3 term quadratic (terms need not be collected but it must be equivalent
to px® + gx + r where at least one of p, g and r is a function of k and none are zero). Dependent on previous
M mark.

Alcso: Correct statement or p =k — 1, q = k — 4, r = -2k with no algebraic errors (but condone e.g. recovery of
missing brackets if work is clear). It is AO if any incorrect statement is seen e.g., use of an incorrect
inequality sign. Accept with any positive multiples of the coefficients (including k or 1/k etc).

(b)

M1: Uses k = 3 in their quadratic from (a) (implied by 2 out of three terms correct) and solves to obtain a
value. Apply usual rules (may be by calculator - may need to check). If no working, obtains one consistent

solution which must be real. Alternatively restarts from XLZ < X and uses a valid method to
x+4  3(x-1)

obtain and solve a quadratic (see above). Marks for (a) cannot be scored in (b).

dM1: With critical values —4, 1 and two different real solutions from their quadratic (# —4 or 1), chooses the
region between the two smaller values and the region between the two larger values and no other region.
Could be non-strict inequalities. Dependent on previous M mark.

Al: Both regions correct but condone e.g incorrect strict non-strict inequalities.

Al: Both completely correct regions. Allow equivalent notations. Ignore any word between the regions but
withhold this last mark if N used with set notation.




Question
Number Scheme Marks
4 2
9Y 8 16y -48x-34
dx dx
(a) (AE:) m’-8m+16=0
[=(m-4)*=0] M1
=>m=4
(CF: y=) (A+Bx)e" Al
(Pl: y=) AX*+ux+v B1
y'=2Ax+u y"=22
22 =8(2AX+ 1) +16(AX> + ux +v) = 48x° —34 e
167X = 48x (-161+16)x=0 21-8u+16v =-34
A=3 u=3 v=-1
y ="(A+Bx)e""+3x* +3x -1 Alft
(5)
(b) (0,4)=4=A-1 (A=5) M1
g—y=4(A+ Bx)e™ + Be* +6x+3 M1
X
21=4A+B+3=B=-2 A=5
[v]=(5-2x)e™ +3x* +3x-1 MIAL
4)
© (x=—2=y=)9%°+5 M1 A1l
(2)
Total 11
Notes
(a)

M1: Forms the auxiliary equation (condone one slip/copying error) and solves 3TQ. Usual rules. One consistent
solution if no working (could be complex). Implied by a correct CF if no incorrect working shown.

Al: Correct complementary function y = ... not required. May only be seen in final answer.

B1: Correct form for particular integral y = ... not required.

M1: Correct method to obtain value for constants (or constant - but PI must be a quadratic - but could have 1 or
2 terms) - so differentiates twice (powers reduced) and substitutes, equates terms and solves equations.
Allow if there are minor slips in the process if the holistic approach is correct.

ALft: A correct general solution following through on their CF only - the PI must be correct. Must have “y ="

e.g.,not“GS="

(b)

M1: Uses (0, 4) in their answer to (a) and forms an equation in one or both of their constants.

k
M1: Differentiates their GS, which must contain a term " Bxe " , to obtain an expression of the correct form for
their GS - product rule must be used, powers reduced, but may have errors in coefficients.

M1: Substitutes x =0, g—y = 21into their equation where their derivative is a changed function and finds values
X

for their B (and their A if not found already).

Al: Any correct equation Condone e.g., “PS=...”

(c)

M1: Substitutes x = -2 into their particular solution and obtains an expression of the right form or non-zero
values for p, q and r, which need not be integers for the M but should be gathered terms. Implied by a
correct answer as long as it fits their answer to (b) if no method shown.

Al: Correct expression or values




Question
Number Scheme Marks
5(a) z+1 3w+1
W=———=>WZ-3W=2z+1=>Wz—-z=3w+1=>z= M1 Al
z-3 w-1
3u+1)+3iv —1)—i
(Z=)( ) . MG v_ . dM1
u-Y+iv.  (uU-1-iv
CWP-2u+3vi-1 0 v
(u—1)2+v2 (u—1)2+v2 ddM1
(y=4x=) —4v=12u°-8u+12v’ -4
— 30 +3v —2u+v-1=0* Alcso*
(5)
(b) L2 L1 1 (1)21(1j211
U '—=u+Vvi+=v—==0=|Uu—-=| —=4+|v+=| ——-—-Z==
3 3 3 3 9 6 36 3
g ) -
=lu-=| +|v+=| ==—
3 6 36
17 17
=> centre: (l—ij [allowx:l,y:—l} radius: /_ or £ B1B1
3 6 3 6 36 6
2
Total 7
Notes
(@)

M1: Completes an attempt to make z the subject.

Al: Correct expression.

dM1: Dependent on previous M mark. Replaces w with u + iv and indicates an appropriate attempt to rationalise
the denominator. Accept if x + iy is used instead for this mark.

ddM1: Dependent on both previous M marks. Equates real and imaginary parts to obtain expressions for x and y
in u and/or v only and uses y = 4x to form an equation in u and v only. Condone intermediate incorrect
statements that are recovered for this mark, e.g. condone, missing or incorrect (real) denominator or slips with
initial inclusion of i in the y if recovered. E.g. any of

2 2 A\
X =3u®—2u+3v* -1, o U+ 1, y = 4;”
(u-1)"+v?

R or similar may be recovered for the M’s
(u-1)"-v
Alcso*:obtains the equation (must be equal to 0) or states k = -1 following correct work. Do not allow recovery
from incorrect statements as shown above for the final mark - all may lead to the correct answer but are A0.
But if there are no incorrect statements e.g. cancelling of denominators may be implied for the A. Watch out

. 3w+l . .
for an incorrect z = Tw which also leads to a correct expression but loses both A marks.
-w
Note: Alternatively methods are possible. Two are shown on the next page, but are not exhaustive.
(b)
Allow both marks from cases where k = —1 is guessed or achieved from fortuitous work.
B1: Correct centre or radius. Accept unsimplified fractions for this mark.
B1: Correct centre and radius - fractions must be simplified.




5(a) . .
Alt . z+1 x+4xi+1_(X+1)+4IX (x=3)—4ix _
Z=X+1y,y=4X=>w= = — = — X —=... | M1
z-3 Xx+4xi-3 (x=3)+4ix (x-3)—4ix
- (17x* —2x-3)-16ix
(U-HV:) 2 2 Al
(x—3)" +16x
U 17x*-2x-3  —16X
(x—?,)2 +16x%° (x—3)2 +16x%° dM1
=3u%+3v - 2u+Vv=..
— .. =3u" +3v' —2u+v—1=0%* orstatesk=—1 ddM1Alcso*
(5)
5(a) : z+1 x+4xi+1
Alt 11 Z=X+1ly,y=4Xx=>Ww= = -
z—-3 X+4xi-3
= (U+iv)((x—3) +4ix) = (x+1)+4ix = .. +..i =... M1
U(x—3) —4vx+i(V(x—3)+4ux) = (x+1) + 4ix Al
= Uu(x=3)—4vx=(x+1) Vv(x—3)+4ux=4x
o 3du+l = 3v - u+l  3v dM1
u—4v-1 V+4u-4 u—-4v-1 v+4u-4
(u+1)(v+4u—4)=3v(u—4v-1)=12u* +12v* -8u+4v—-4=0
) ) ddM1Alcso*
=3u +3v —2u+v-1=0%*
(5)
Notes
@) Alt |

M1: Uses y = 4x and z = x + iy in the expression for w and multiplies through by complex conjugate of
denominator

Al: Correct expression in terms of x (oe)

dM1: Replaces w with u + iv and equates real and imaginary parts and substitutes into the LHS of given equation.
Dependent on previous M mark.

ddM1.: Proceeds simplify the expression putting over common denominator.They are unlikely to make much
progress at this stage in this method. Dependent on both previous M marks.

Alcso*: Correctly shows the expression equates to 0 and gives minimal conclusion.

(a) Alt 11

M1: Uses y = 4x and z = x + iy in the expression for w and equates to u + iv, cross multiples and expands.

A1l: Correct expression with the i2 terms simplified.

dM1: Equates real and imaginary parts and proceeds to eliminate x solving simultaneously. Dependent on
previous M mark.

ddM1.: Proceeds to simplify by cross multiplying and expanding to at least eliminate uv terms. Dependent on
both previous M marks.

Alcso*: Correctly shows the expression required holds. As main scheme.




gﬂ;sgsrn Scheme Marks
6
@ y=secx:>d—y=secxtanx
dx
" M1
ay_ (secxtan x)tan x+secx(sec2 x) (= sec xtan? x +sec® x)
dx?
d2
=Y~ secx(sec? x—1) +sec® x = 2sec’ x - secx
dx
Y _ gsec? t t
:ﬁ_ sec” x(sec x tan x)—sec x tan x dM1
or
3
3—33/:23ecxtanxseczx+tan2xsecxtan X +3sec’ xsec x tan x
X
3
(d—z =5sec’ xtan x +sec xtan x(sec® x—1) = 6sec’ x tan x —sec xtan xj
dx ddm1
g Al
:>—¥=secxtanx(63ec2x—1)
dx
(4)
® e %) -2 an(2) 3 1(2)-2 o(2) -2 (2] caa (2ot |
3) " 3) 3) 7 \3) 77 3) 77 3)
2 3
1 (X_a) n (X_a) m
f(x)=f(a)+(x—a)f'(a)+ 50 f'(a)+ 3 f"(a)+
- ; dM1 Al
= 2+243 X—= |+7| x—= +23 > x—=
3 3 3 3
3)
(C) 2 3
Secﬂz =2+23 LI I {2 +% L M1
24 24 24 3 24
SGCZ—Z ~1.636709263... ~1.637 Al
(2)
Total 9
Notes
(a)

M1: Differentiates twice and obtains expression for second derivative allowing for sign errors only

dM1: Dependent on previous M mark. Differentiates again and obtains expression for third derivative
allowing for sign errors only (which could come from incorrect signs in trig identities)

ddM1: Dependent on both previous M marks. Obtains an answer of the correct form or values for p and g.
Allow slips from their third derivative but any trig identities used can only have errors in sign.

Al: Fully correct expression or values for p and q

Note: If they decide not to work in sec x and tan x the main scheme still applies — see Alt next page.

Allow “meet in the middle” approaches that determine the values of p and q

(b)
T

M1: Uses sec x and their three derivatives to attempt to find values for f (gj f (Ej f (gj and f (gj

evidenced by values for each with at least 2 correct if no method seen. May be recovered by substitution of
values into formula if not all listed.

dM1: Dependent on previous M mark. Uses a correct Taylor series with all four of their values. Series must
be correct for their values but allow slips if a correct formula is quoted.




23
Al: Correct series with coefficients in a simplest form e.g., aIIole—Zfor 2\/§, — f0r§\/§ Condone

J3 3
absence of sec x =... or y =... Must have had a correct third derivative in (a), though need not have been
simplified to the form required (and allow if there was a correct third derivative which was incorrectly
simplified if the correct answer is found).

(c)
M1: Shows evidence of substitution of ;—Z into their series of the right form (powers of (X - g} ). Ifonlya

value is given score MO unless it is the correct 4 s.f. value for their series (1.636709263... allowing awrt
1.637 if (b) is correct). You may need to check the answer.
Al: 1.637 only (not awrt) from a correct series.

Note that sec;—z =1.642679632...

6(a) a1 dy 2, sin x
=secXx= y=(cosx) = —-L=—(cosx)" (—sinx)=
5 yseex=> y=(eosx) = - (eosx)* (-sinx) - S0 .
d?y  cos’ xcosx —2sin xcos x(—sin x)
dx? cos* x
d2y  €0s®x+2cosx(1-cos’ X) 2cosx— cos® x } )
z/: - ( ): ; =2(cosx) "’ —(cosx) "
dx COS" X cos” X dM1
d? . - )
d—¥=—6(cos x)* (=sinx) +(cosx) *(~sin x)
X
d’y 6sinx sinx sinx( 6 j ddm1
= — = —1| =secxtan x(6sec’ x -1
dx® cos*x cos?x cos® x| cos? x ( ) Al
(4)
Notes

Mark as per main scheme allowing sign slips only - forms correct at each stage.




Question
Number Scheme Marks
7(a _ 1
(@) Z:y2:> y2—2’1:> y=z2=
Bl
@ oyrori=2y ¥ W @y 1]
dy dz dz 4z 2
3
dy _dz dy (0g) = dy:—1 3%, dy__ 1,2 M1 Al
dx dx dz dx 27 dx dx 2 dx
xg—y+ y+4x’y’Inx=0= e.g,
X
—lxy3%+y+4x2y3lnx=0 —1x275—z+z7+4xzz7lnx=0
2 7 dx dx
%—i—8xlnx 0 3—2—2—8 Inx=0
X Xy o X X AL*
= gz _zz_ 8xInx *
dx X
(5)
(b) 2(d
(IF=) el +¥ M1
_ e—ZInx (: X—Z) Al
X’z =jx‘2 (8xInx)[dx] M1
E.g. Par'[s.:jx‘1 In xdx: (u =lnx, u'=x"v'=xtv=In x)
2 2
= 1=(Inx) -kl =1 =p(Inx) M1
Or substitution: t = In X, at _ Xt =1= k_[x‘1 Inx-xdt= kj'tdtz pt?
dx
Ix’lln xdx= 2(In x) [+c] Al
x?z=4(In x) +k = z=4x*(In x)2 +kx®
, 1 Al
=y = > ~ oe
x* (Inx)" +kx
(6)
Total 11
Notes
(a)
B1: Any correct equation following differentiation of the given substitution. Could be implied.
M1: Uses a correct chain rule to obtain an equation linking d_y or % and E (or %j
dx dy dx dz

Al: Any correct equation
Note that the first three marks could be scored by a first step of, e.g.:

3
%z_ny?’d_y or 2ydy ,de or d_y:_lz 2%
dx dx dx dx dx 2 dx
dM1: Dependent on previous M mark. Substitutes theirg—y into differential equation (I). Need not replace
X

fully for this mark.




Al*: Fully correct proof with no errors. There must be an intermediate line of working between the line where
they substitute into DE(I) and the given answer.

Note: Use Review for any incorrect but potentially creditworthy attempts that “meet in the middle” or use (II)
=

(b)

MZ1: Correct form for integrating factor. Allow €
Al: Correct IF in any form

M1: Obtains IF-z = j IF-(8xInx)[dx] Correct for their IF and z not y

J‘k

* and missing dx

M1: Must have achieved an integral of form kj X" (In x)[dx]. Correct form following integration of X Inx

(constant not required):
J.x*1 Inxdx= p(In x)2 [+c]

The work in the scheme above is sufficient but you do not need to scrutinise the details, accept work that
leads to the correct form.. Condone “ In x? > for this mark

. . . . 2
Al: Correct integration (constant not required) In x? is A0 unless recovered — must see (In X) but allow In?x

1
Al: Any correct equation iny2 = ... form e.g., y° = [XZ (4 In® x + k)} Constant may appear as a multiple,
e.g., 8c




Question

Scheme Marks
Number
8 r=6(1+cosd) 0<O<m
(a) € =0, r=6(1+cos0) =12or (12, 0) B1
)
b .
() i(rsm 0):
do M1
=6sing(1+cos0) = =6sin@+6sindcosd = = 6sin+3sin20 =
6sinO(—sin @)+ 6cosd(1+coso) 60059+6(00529_5in29) 6cosd+6cos26
= 2c0s’ §+cosf-1=0
[(2c0s0-1)(cosO+1)=0=>] cosezé [or-1] Mt
T T T
0=— r=6/1+cos—- =9 or |9~ Al Al
S it il 1
(4)
8(c) [4][r* do =[4][36(1+cos6)" [d6] M1
[r*do=36](1+2cos0+cos’ 0)[d6] =36 (3+2cos 0+ +cos 20)[d0)] M1
j(a+bcos€+cc052«9)[d0]:aeibsinaigsinze M1
18[20+2sin9+4sin20] Al
; NP S 3 81 =
1820+ 2sin 0 +1sin 20 ° =18 E+J§+? [-0] =9n+ZJ§ dM1
E.g. OB=6[1+cosiJ:>BQ:6(1+cos T jsin T :9J§ M1
3 3 3 2|
BP=12—9005E=12—2=1—5
3 2 2 AL
:areaOBPA:£(12+EJ£%j or lxgx%+%xg {:@ﬁ}
2 2 2 2 2 2 2 2 8
area of region R = %f—%\@—Qn:%ﬁ—% Al
(8)
| Total 13
Notes
(a)

BO: Correct values for 8 and r or correct coordinates. Condone (0, 12).

(b)

M1: Differentiates rsin @. Allow sign errors only. The “6” may be missing
dM1:Dependent on previous M mark. Uses correct identity/identities to reach a 3TQ in cos & and solves.

Apply usual rules or by calculator must obtain at least one real consistent solution where -1 < cosé < 1.

Accept € =— following a correct derivative set equal to zero to imply the M if no incorrect working shown

(by calculator or by inspection).
Al: Eitherr or @ correct.

Al: Both coordinates correct. Only accept T and 9. Withhold last mark if additional answers offered and not

rejected, but isw after correct answers seen if only a miscopy is made.




(c)

M1: Attempts J.r2 d& which may include the % for the area formula. The multiple 36 may be missing or
wrong. Condone poor squaring - allow this mark if there are only two terms.

M1: Uses cos’ @ = +1cos 26+ 1and obtains an integrand of the forma +bcos @ +ccos 20 (constants may be

uncollected)
M1: Integrates and obtains a form a@ +bsin @+ <$sin26 (sign errors on trig terms only). May be two terms in

0
Al: Fully correct expression for the area of the sector after integration. Ignore limits but% must have been used or
appear later.
dM1: Dependent on previous M mark. Evidence of substitution of “correct” limits into the integral, so their
T . T - . N
3 (prowded 0<@< Ej and the lower limit must be 0 and lead to zero but this can be implied by

omission.
M1: Correct method for the perpendicular distance between I; and the initial line with their r and

0 (provided 0<@< gj for point B. This may only be seen embedded in their attempt at an area, so

Z”

3 or may find r again from the equation of

may be implied if not explicit. E.g. look for “their r sin their

curve.
Al: Correct expression for area of trapezium OBPA - may be given as as a sum of separate areas, e.g. triangle
OBQ + rectangle QBPA. Other formulations are possible.

Al: Correct answer in the correct formor p = % orexactequivalent, q=-9

Useful diagram:

| TOTAL FOR PAPER: 75 MARKS
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