@ Pearson

Edexcel

Mark Scheme (Provisional)

Summer 2021

Pearson Edexcel International Advanced Level
In Further Pure Mathematics F1
(WFMO01/01)



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 2021

Question Paper Log Number P66060A
Publications Code WFM01_01_2106_MS

All the material in this publication is copyright
© Pearson Education Ltd 2021


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.

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.



PEARSON EDEXCEL IAL MATHEMATICS
General Instructions for Marking

. The total number of marks for the paper is 75

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

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

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

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

Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark
schemes.

e bod - benefit of doubt

e ft - follow through

e the symbol f will be used for correct ft
e cao - correct answer only

e so - correct solution only. There must be no errors in this part of the question to
obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC: special case

e o0.e. - or equivalent (and appropriate)
e d... or dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

% The answer is printed on the paper or ag- answer given

[ or d... The second mark is dependent on gaining the first mark

. All A marks are ‘correct answer only’ (cao), unless shown, for example, as Alft 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.

o 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
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:

1. Factorisation

(X* +bx+c)=(x+ p)x+q), where|pq| = |c ,leading to x=...

,leading to x=...

(ax® + bx +¢) = (mx + p)(nx + q), Where|pq| = |c| and |mn| = |a
2. Formula

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

3. Completing the square
b 2
Solving x> +bx+c¢=0: (Xifj +q+c=0, ¢g#0,leading to x=...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (x" — x"")

2. Integration
Power of at least one term increased by 1. (x" — x"*")



Use of a formula

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

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
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.



Question

Number Scheme Notes Marks
1 3
f(x)=x"+4x-6
(@) Attempts to evaluate at both end
f)=-1 points. If substitution not seen accept
£(1.5)=3.375 22 f(.1)=—1 o.r f(1.5)=3.375 as M1
8 evidence, with any value for the other
end.
Sign change and f(x) continuous therefore « f(1)=-1 and £(1.5) =3.375 both
. correct and mentions/indicates sign Al
is between x =1 and x=1.5 . :
change, continuous and conclusion.
2)
(H)(b) Correct derivative.
fx)=3x"+4 Can be implied by a correct expression | B
seen later such as 3(1.5)°+4
. =15— f(1.5) 15— 3.375 Attempt Newton-Raphson using M
T fas) T 1075 the correct formula.
Accurate first application either awrt
x, =1.186... 1.186, 4—30r a correct numerical Al
expression.
0.412...
x;=|1.186...— =1.1358...
8.220...
a~1.136 cao Al
“4)
(ii) Evidence of at least one value correct
g(1.4)=3.442116... or g(1.5)=-3.601419... | to 3 d.p. or better. May be implied by | Bl
correct answer if never seen.
A correct linear interpolation B1
15-5 _0-g(5) or statement as shown oe (with
p-14 g(14)-0 correct signs). May omit the zeroes
p-14  15-14 or use evaluated values (e.g 0.1
0-14 g(1.5)—g(1.4) 0¢ instead of 1.5 — 1.4). Other forms
are possible.
Evaluates £ from an attempt at a M1
= [ ~1.448869... linear interpolation statement, allow if
signs are incorrect.
p ~awrt1.449 Al
4

Total 10




Qn No Scheme Notes Marks
2.(a) ' ' ' Multiply top and bottom by complex
ZyZy _ (p—i)(p+i)(2+1) conjugate of their denominator. M
z, (2-1)(2+) (The two M’s may be scored if the given
numbers are wrongly placed.)
Simplifies numerator with evidence that
_ (PZ +1(2+1) i> =—1 and denominator real. Accept any M1
5 equivalent form in the numerator as long as
there are not i% terms if expanded.
2 2 Correct real +imaginary form with i factored
= 2(p"+1) + (p”+1) i out. Accept as single fraction with numerator Al
5 5 in correct form. Accept 'a="and 'b=".
3)
ALT 2z, (p-i)(p+i :
== > ( . ) =a+bi Cross multiplies by 2 —i (or their
4 (2-1) denominator), expands and equates real M1
p’+1=(a+bi)(2-i) and imaginary parts.
2a+b=p*+1 (The two M’s may be scored if the given
numbers are wrongly placed.)
2b—a=0
2a+b= p2 +1 . .
—a=..,b= Attempt to solve their equations. Ml
2b—a=0
2 2 Correct real +imaginary form with i factored
a+bi= 2(p"+1) + (p"+1) i out. Accept as single fraction with numerator Al
5 in correct form. Accept 'a="'and 'b=".
(&)
(b) | . |2 AP+ (pP+1) Correct attempt at the modulus or modulus
| 22 | BT I squared. Accept with their answers to part | M1
4 (a). Any erroneous i or i’ is MO.
4(p°+1)> (P’ +1) 2 ’ 2
+ = 2\/5 %253
25 25 ( ) Their . (2\/5) dM1
(p*+1)*=100= p=43 Attempt to solve and achieves p =... M1
(may be scored from use of | ..[*= Zx/g)
(C))
ALT 1 Cross multiplies and attempts
ﬁ:2\/§:>|2223|:\/4+1><2\/§ u p p |Z]| Ml
2
— |Zz|2 =Ja+1x245= p* +1=... Attempts | z,z, | either directly or using M
|ZZZ; = |Zz|2 to get an equation in p.
(P’ +D)=10=p=43 Attempt to solve and achieves p = ... M1
p=13 Al
(C))

Total 7




Question Scheme Notes Marks
Number
Attempt to multiply in the correct order with
3(a) 0 1)y2 2 0 _ 1 31 at least four correct elements. M1
-1 o)1 3 1 2 20 May be done as three separate calculations,
so look for at least 4 correct values.
_ B Accept as individual column vectors butnot | Al
(1,-2), 3,72) and (1,0) as a single 2x3 matrix.
2)
(b) Rotation Accept rotate or turn oe. Bl
Accept —90° (anticlockwise) or 90° clockwise | B1
o . . . . (must be stated) and (0,0) or O.
270° (anticlockwise) about the origin Assume anticlockwise unless otherwise
stated.
2)
1 0 0 -1
(c) Q= ,R= One correct, both correct B1,B1
0 -1 1 0
(2)
0 =1\(1 0 Multiplication in correct order for their
(d) RQ = matrices and at least 1 row or 1 column Ml
I 0)\0 -1 correct.
01 C i Al
= orrect matrix
1 0
(2)
(e) Reflection Correct type identified. B1
Correct line of reflection specified, accepting
in (the line) y=x equivalent forms (e.g. line at angle 45° B1
(anticlockwise) to the (positive) x-axis).
2)

Total 10




Question Scheme Notes Marks
Number
4(a) y=25x = dy 95,2 ﬁttempts a derivatizfle expression, such as
dx Yo o x—y:ky or
dy dx dx
xy=25=>y+x—=0 d M1
dx their &
Y__ " d
y_dpd_ 51 b e &
dv dtdx £S5 dr
d -1
S 25x%or L or — Correct derivative. Al
dx t
5 . .
Uses y —— = (their gradient) x (x - St) or
t
. 5
y—7 =——(x-51) y = (their gradient)x + cusing x =5¢,y = " MI
in an attempt to find c. Their gradient must
be a function of  for marks to be awarded.
y+x=10t* CsO Al
4
Alt - - - —
(a) Intersect when (10¢—£2y)y = 25 Substitutes given line equation into the M1
curve equation to find intersections
= 12y? —10ty+25=0 Correct equation Al
5. . . .
= (y-57=0=y= " is single root. Shows the equation has a single root. MI
Single root when y = Bl means the line is
& Y= ¢ All work correct, with correct conclusion. Al
the tangent to H at P.
“4)
®) £*(-5)+15=10¢ Substitute (15,—5) into equation of tangent | M1
t+3)(t-1)=0=¢=.. Solves via any valid means M1
—t=-3,1=1 (or one correct point) Eg;h values of ¢ or one correct coordinate Al
5
(—15, _Ej and (5,5) Both correct sets of coordinates. Al
“4)
ALT t'y+x =104 Form equations with their 7,7, and attempt to M1
t,’y+x=10t, solve for x and y
1042 10 Equates to coordinate and attempt to solve
(x=)—"=15,(y =) =5 1 P Ml
(t,+1) (t +1,) for 4,1,
{,=-3,6,=1 (or one correct point) I]?;‘;h values of 7 or one correct coordinate Al
ir.
5
(—15, _Ej and (5,5) Both correct sets of coordinates. Al
“4)

Total 8




Question
Number

Scheme

Notes

Marks

£(x) =(9x" +d)(x* —8x+(10d +1))

5(a)

9x2+d:O:>x:i,/—§ orig

or exact equivalents

B1

8+./64—4(10d +1)
X = (0)

or 2
(x—=4)-16+10d +1=0=>x=...

T

Solve x* —8x+(10d +1)=0
by formula or completing the
square. Must have complete
constant term.

Ml

x=4+4++15-10d and x =4—-~/15-10d

oe with discriminant
simplified. Mark final
answer, do not isw.

Al

(&)

(b)

x:+—

Correct roots for their
answer for the 9x% +d

Blft

x=4+51

Correct roots for their 3TQ

Blft

SC Award B1{tBO0 if only one of each pair is given.

2

(©

Im
A .
5 4+51

2i/3

-2i/3%

4-51

Two roots on imaginary axis the same
distance from O.

Follow through their imaginary roots from
(b). BO if real roots found.

Their two complex roots with real and
imaginary parts, one the conjugate of the
other, so reflected in the real axis.

Must be correct relative scale compared
with the imaginary roots if the first B1 in
(c) has been awarded (ie clearly further
from O if correct, or f.t. their answers). But
if first BO has been given, ignore scales.

Accept points or vectors.

Complex numbers must be labelled in some
way e.g. via scales or coordinates or vectors.

Blft

Bl1ft

2

Total 7




Question Scheme Notes Marks
Number
6 L g . . Attempts a derivative expression, such as
(a) poB =L L By =2y 2 dy 1 dy
dx 2 —=kx 2orky—=c
d dx dx
y2=8x:>2y—y=8 Ml
b v or their L] —1__
or—y:—y—t=4.— dr thei dx
de drdx 4 T
dy 1 NG - - dy
e Bx 2 =v2x2 | or2y==8 or
a2 Vi
Correct differentiation (need not have Al
d_y _ 4_L(: l) substituted for ¢ etc)
dx 4¢ t
At P, gradient of normal is my=—p Correct gradient for the normal. Al
y—4p = (their m, )x(x—2p°) or
v = (their m, )x + c using
y—4p=—p(x—2p*) x=2p°,y=4p inan attempt to find c. | M
Their gradient must be a function of p
for marks to be awarded. Must use a
changed gradient, not tangent gradient.
y+px=2p’ +4p* Ccso Al
&)
(b) y+qx:2q3+4q o€ Bl
(@)
(© Note: part (c) appears as MMAAA on ePEN but is being marked MAMAA.
y+px=2p’ +4p Attempt to solve simultaneous M1
yrqr=2q¢"+4q equations.
px—qx=2p’ +4p-2q° —4q A correct equation in only one variable | Al
Attempts to simplify the expression to Ml
required form. E.g. factorise difference of
(P=9)x=2(p— )P’ + pg+q*)+2(p—q)) | WO cubes; ; i
P =q =(p-q9)(p° +pq+q) or
equivalent work to enable p —¢ to cancel.
x=2(p*+pg+q’+2)* cso for reaching the correct x coordinate. Al
2P +2p°q+2pg° +4p=2p° +4
yrep paT=prq p=sp P cso for reaching both coordinates correctly. | Al

y=-2pq(p+q)*

€))




ALT Qv+ pgx=2p°q+4pq Attempt to solve simultaneous M1
3 equations.
py+pgx=2pq° +4pq
py—qv=2pq’ -2p’q A correct equation in only one variable | Al
(p—q)y=-2pq(p*—q*) Attempts to simplify the expression to
required form. E.g. Attempt to factorise M1
(P=-9)y=-2pq(p-9)p+q) difference of two squares.
p’—q*=(p—q)p+q) orequivalent
work to enable p—g to cancel.
yv==2pq(p+q)* cso for reaching the correct y coordinate. Al
2p°q" -2pq’ + pgx=2p’q+4
P 5 P fq pa=rq cso for reaching both coordinates correctly. | A1
X=2p +pg+q +2)*
®)
ALT 2 2pq(p+q)+2p( p2 +pg+ q2 +2)= Subst.itutes both coordinates into the M1
5 X 3 5 5 equation for normal at P and expands
—-2p°q-2pq +2p +2p°q+2pqg° +4p brackets.
=2p’ +4p so Nison normal at P Simplifies correctly to 2p* +4 p and Al
deduces N is on the normal at P
) LV 20(0 + pa+a+2) = Substitutes both coordinates into the Ml
pqu 9) 2Q(p 5 Pq q2 ) 5 equation for normal at Q and expands
—-2p°q-2pq +2p°q+2pq° +2q° +4q brackets.
=24° +4q so Nis on normal at O Simplifies correctly to 2¢°> +4¢ and Al
deduces N is on the normal at Q but
penalise only the first instance for missing
the deduction.
As N is on both normals it is therefore the Makes a suitable conclusion Al
intersection point of them.
®)
(d)
Grad PQ = 462] —4p = = 2 Use of 2221 and substituting. MI1A1
2g°-2p pP+q Xy =X
—2pq(p+4q)
Grad ON = ey Bl
2P+ pg+q° +2) Can be unsimplified.
Grad PQ x Grad ON
o) ~2pq(p+q) Using product of their gradients = —1 MI
= X = —
p+q 2P +pg+q’+2)
(p+9) ~3pg=-2 2 Al
)

Total 16




Question Scheme Notes Marks
Number
n 2 n
r'=—(m+1)2n+1
. 2 6( )(2n+1)
(a) o I Shows both LHS=1 and RHS=1
n=LLHS=I" =1, RHS_E‘2'3 =1 Accept LHS = 1 but must see at B1
1
least 3.2.3 =1 for RHS.
Assume true for n=k
When n=k+1
k+1 2 —
Zr ——(k+1)(2k+1)+(k+1) Adds (k+1)" toresult for n =k MI
r=1
1 1
(k D —(kk+1)+6(k+1)) Attempt to factorise by (k;r ) dM1
(k Dk +2)2k +3)
Either factorised form. Al
(k +1)
—((k+D)+D))(2(k+1)+1)
Complete proof with no errors and
True for n=1. these 4 statements seen anywhere.
If true for n=k Depends on both M’s and the A, but Al
then true for n =k +1 may be scored if the B is lost as long €80
therefore true for all 7. as some indication of true forn =1 is
given.
(6)
b n n n
® S22 =332 N 3
p o o Split into the addition of 2 sums
and applies the result of (a). M1
=%(n+l)(2n+l)+... PP ®)
= %(" +1)(2n+1)+2n Correct expression. Al
n Factorises out the o must have a Mi1;
=—(2n* +3n+13) 6
6 common factor z to achieve this mark; Al
Simplifies to correct answer.
(a=2,b=3,c=13)
“4)
'y 25
© D (P +2)=8, -5, ,
= Attempts S,, — S, or S, —S,, with Ml
- é.(2>< 252 +3%25+13) —%(2x 07 +3x9+13) | SOME substitution.
25 9
=? 1338—5 x202=5575-303=5272 For 5272 Al
Note: Answer only (from calculator) is MOAO as question requires use of part (b).
)

Total 11




Question Scheme Notes Marks
Number
f(n)=4""7 + 5" divisible by 21
3 n=14+5=189=9x21 f(1)=21x9 Accept f(0) =21 as an Bl
(Orn=0, 4% +5' =21) alternative starting point.
Assume that for n =k, f(k) = (47 +5") is
divisible by 21 for k € Z".
Applies f(k+1) with at least 1 power
flk+1) —f(k) = 47 + 5207 — (42 1. 57 correct. May be just as f(k+ 1), or as part | M1
of an expression in f(k + 1) and f(k).
For a correct expression in f(k + 1),
=447 425 520 gl 52 and possibly f(k), with powers reduced | Al
to those of (k).
=3.4"2 4245
=3f(k)+21.5"" or =24f(k)—21.4"" For one of these expression or
equivalent with obvious factor of 21 in | Al
each.
Makes f(k+1)the subject or gives
- clear reasoning of each term other than
f(k+1) =4f(k)+21.5 f(k+1) being divisible by 21. dM1
Dependent on at least one of the previous
accuracy marks being awarded.
{ f(k+1) is divisible by 21 as both f(k) and 21
are both divisible by 21}
Correct conclusion seen at the end.
If the result is true for n = k, then it is now true for Condone true for 7 N 1 state,d carlier.
n=k+1. As the result has shown to be true for n | Depends on bOt_h M’s andA’s, but may be Al cso
=1 (or 0), then the result is true for all n (¢ Z") scored if the B is lost as long as at least
’ ’ f(1) = 189 was reached (so e.g. if the 21x9
was not shown)
(6)
ALTfor | ;-1 41+ 5° =189 =9x21 ,
first 4 I As main scheme. Bl
marks (Orn=0,4 +5 :21)
Y -
Fh+1) — ) = 447 4 5245 — (447 4 574 Attgmpts f(k + 1) in any equation (as M1
main scheme).
For a correct expression with any o
+1)— — _ k+2 _ 2k+1 . p y Q,
f+1)—aflk) =(4-a)4" +(25-a)3 with powers reduced to match (k). Al
f(k+1) — af(k) = (4 — )(4°7 + 5% 421,52+ Any suitable equation with powers sorted
appropriately to match f(k) Al

f(k+1) — af(k) = (25— a)(4**7 + 521y = 21.44*

NB: a =0,a =4, a = 25 will make relevant terms disappear, but marks should be

awarded accordingly.

Total 6
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