@

Pearson

Mark Scheme (Results)

Summer 2017

Pearson Edexcel GCE
In Further Pure Mathematics FP3 (6669/01)

edexcel



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 2017

Publications Code 6669_01_1706_MS

All the material in this publication is copyright
© Pearson Education Ltd 2017


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.

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

o 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.

o All the marks on the mark scheme are designhed 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.

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

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

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



PEARSON EDEXCEL GCE 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

o ft - follow through

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

e Cso - 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 o0e - 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

E 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 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.
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+0), whergpq| :|°|, leading to x = ...

(a® +bx+c) = (mx+ p)(nx+0), wherepg| =|c and|mn =|a| leading to x = ...

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

3. Completing the square

b 2
(xiz) +q+c=0, g=#0

Solving X*+bx+c=0, , leading to x = ...

Method marks for differentiation and integration:

1. Differentiation

-1
Power of at least one term decreased by 1. (Xn - X )

2. Integration

1
Power of at least one term increased by 1. (Xn - X" )



Question

Scheme

Notes

Number Marks
1 y =arsinh( tankx)
Way 1 sinhy = tanhx Bl
dy
coshy&: sechx M1: +coshy or+ sechx
or M1A1l
coshy = secﬁx% Al: All correct
dy
dy _ sechx
dx coshy
dy _ sechix = (x) Uses ecorrect identity to expressg—yin M1
dx / i X
L+sinity terms ofx only
sechx cso. There must be no errors such as
=" incorrect or missing or inconsistent variab| A1*
1+ tanitx and no missing h’s.
Total 5
Way 2 t=tanhx=y = arsinh Replaces tanhby e,gt Bl
M1: ﬂ:isecﬁx ,ﬂ:i ,_1 -
d_ sechHx y__ 1 & s M1A1
dx a1+t Al: Correctg—t and % and correctly
X
labelled
Usescorrect form of the chain rule for
d sechx o :
y_dya_ =f(x) their variables to expres%x interms ofx | M1
dx d ok J1+t2 dx
only
sechx Cso. There must be no errors such as
=%* incorrect or missing or inconsistent variab| A1*
1+ tanifx and no missing h’s.
Total 5
Way 3
y u=tanhx= % = sechx Correct derivative B1
sechix sechx 1 !\‘/Ili,CompIete substitution including the
1+ tanttx Tu Al: Fully correct substitution
1 .
:I — du = arsinfu(+c) Reaches arsinh M1
1+u
Reachesy = arsinh( tanhx) with or
y = arsinh( tanh)(+c) without + ¢ and no errors such as incorrg¢ 1+

or missing or inconsistent variables or
missing h’s.

Total 5




Special Case:

y =arsinh( tanh) = Y _ ;(X) sectx

dx 1+ tani x

secH x

J1+ tank x

Note that the sechx needs to appear separate from the fraction as above and n
just the printed answer written down.

To score more than 2 marks using a chain rule method, a third variable must b
introduced

M1Al




uestion
QNumber Scheme Notes Marks
2(a
@ 2,y & 2% _ 5co8
36 25 & & 3 — 6sid
X=6cod) y= 55ir¢9:>ﬂ = 5C0_39
dx —6sind
1
2 2 2 2\ 2
y—zl—x—:>y:5,/1—x—:>ﬂ:—§ 1 X | 7o _Dcod M1
25 36 36 dx 36 36 6siry
M1: Correct attempt ag—yusing implicit or parametric or explicit differentiation
X
1
axiby® o ¥_ ¥ acod ,—gzax(l—bxz) 2 pe)o o
dx (0 o bsing o
Al: Correct tangent gradient in
5cos) PR .
=- e terms of6. May be implied in their | Al
sin attempt the normal gradient.
6sing Correct perpendicular gradient rul
= May be awarded if working in M1
Scoy terms ofx andy.
Correct straight line method for th
normalusing a “changed” L in
y—5sing =Ther m, (x— 6co®) _ dx M1
terms of6 which must have come
from calculus. If usingg = mx + c,
must reach as far @s= ...
6xsind— By cod— 11sid cab Correct cqmpletlon to printed AT*
answer with no errors.
Note that if the candidate uses eyg-5sing = —i—gy(x— 6 cod) before introducing), the
X
final mark can be withheld.
®)
(b) 11
b* =a"(1-e") = 25= 3¢ L-e’) > e”= 36 | Uses the correct eccentricity
formula to obtain a value faror M1
or e= /_ €. Ignore + values for e.
1lco¥ 11si@ cod .
y=0=Xx= COF o == - ¢ Correctx coordinate foQ Bl
6 6sind
[OQ _j lico®) 1 Attempts ihel.rgg . May be ML
OR ) 6  6co% o R
implied by their ratio.
Correct completion with no errors
_ 11 11 Al
36 to obtain%both times.
Ignore any references to the foci or directrices but the final mark can be withhi
there are any incorrect statements such as e.g. usifigcbsn their ratio.
4)

Total 9




Question

Number Scheme Notes Marks
3 cosh X= 2coshx—
Note that exponentials must be used in (a)
(a) e+ er) Substitutes theorrect ex [
B 3 B ponential
Way 1 ths= 2cosfix— & E 2 ] form into the rhs M1
4 2y @2 Squaresfcor.rectly to obtain an
=2 — Q2 -1 expression in& and & dMm1
Dependent on the previous mark.
2X 2%
_e’+e 1-1
2
e2x + e—2x ) .
== - coshx= |hs Complete proof with no errors Al
3)
(a) Way 2
2X 52X H H
Ihs— cosh X e’ +e fSubstltutes the correct exponential M1
orm
(ex + e*X)z ) Completes the squarecorrectly to
=2 1 obtain an expression iff and & dmi
Dependent on the previous mark.
2
—1=2coshx— % rhs Complete proof with no errors Al*




(b)
Way 1

29coshx— Q 2 coshx— )1: K Substitutes the result from part (a) | M1
Forms a 3-term quadratic and
attempt to solve for cosh You can
6costi x— 29cosk+ 35 &  cosh apply the General Principles for M1
solving a 3TQ if necessary.
7 5 .
coshx—é or coslx—— Both correct (or equivalent values)| Al
coShx = g = X= |,(a+,/a _ ]) or Uses the correct In form for arcos
to find at least one value farfor
coshx = o = X = |,-(a_«/a _ ]) or o> 1 or uses the correct exponenti |\,
form for cosh and solves the
e+e” resulting 3TQ in &to find at least
== X=...
2 one value fox for a > 1
In{—+ J and x= Ir{—h/ j
Or equivalent exact forms e.g.
i 7+2J10 and x— n5i\/?1
3 2
x==In l@ and x=x= In 5cy/21
3 2
AlAl

x:In(YiZ«/R))— In3 andx= I16 &\/_Z)l—

Al: Any 2 of these 4 solutions. Penalise lack of brackets once where necess
the first time it occurs and penalise lack of simplification once, the first time it
occurs

'”[5* @1}

Al: All 4 correct

5 421

eln+—
g2

Note that the decimahswers are, +1.49..., +£1.56...,

(6)

Total 9




(b) Way 2

Substitutes the correct exponent

or M1
NN . forms
sl €t ] 5 €+ e L35 (
2 2
M1: Multiplies by & or e to
36" _ 29& 4+ 768 — 29a 3 obtain a quartic mxe_)r e M1A1
Al: Correct quartic in any form
(not necessarily all on one side)
(362x_14é+ 3( &_ Bey )1: B X Solves their quartic to find at lea M1
one value fox
In£—+ j and x= Ir{—+ f ]
3
Or equivalent exact forms e.g.
_7+2J10 i 5421
2
=+In [%\/TO] and x=+ In(&Tﬁlj AlAl

:In<7i 2«/@)— In3 andx= Ivﬁ &\/_2)1—

2
cong= w25

Al: All 4 correct




Question

Number Scheme Notes Marks
4 dx W1 1 Or equivalent correct derivative
—=2u or —==>(x+2) 2 in any form. May be implied by | B1
du x 2 their substitution.
X+ 2)? u? ’
J'—( ) dx=J. B CORPA
X+5 u"—2+5 Complete substitution including
or thar “dx”. Allow the omission of | M1
X+ 2)? X+ 2)? “du” if it is implied by later work.
Or2f g [t 2y
X+5 u"—2+5 (x+2)5
=2 u” (du) or 2 () Correct integral Al
u’+3 u*+ 3
u? 3
2 du=(2) || - di Splits the fraction intcA+ M1
( )J u’+3 ( )J'( u2+3] P u’+3
{ Al:u
=(2) arctan—} 3 u Al Al
Al: ——arctan—
BB ;e
X=-1l=u=1 Xx=7=u=: Correct limits. Bl
Substitutes limits correctly into
3 3 an expression of the form
T 3 \/g 6 +out farctar(ku) ,a S+ (and M1
subtracts the right way round.
= 4_§ s Cao(oe) Al
9)
Total 9
Alternative using substitution again for last 6 marks:
3tarr @
u=+3tand = 3sew @
(3_[ u2+3 3I 3tarf 6+ 3\F M1
Use of u= \/§tan¢9 and a complete substitution.
:(2\5)_.' tarf 6 d9:(2FI>J.(se209— na |ALO
AlAl
=(2\/§)[tang_ 0] Al: tan@
u=1l=60==—, u= 3:>6?=% Correct limits Bl
Substitutes limits correctly into
B ) (1 =z an expression of the form
‘Zﬁ[(f 3j (Jg GH tatand+ 0, a f= Cand | M1
subtracts the right way round.
= 4_ﬁ Vs cao Al




Question

Scheme

Notes

Number Marks
3. Th:Xx—2y—32=5, Ib:6x+y—4z=17
W(a) 1 1 6 Attempts scalar product of normal vectol
ay -2 s 1|=6-2+1z allowing one slip. May be implied by a | M1
~-3] | -4 value of 16.
_
16=VE+2+ 3V 6+ E+ 4 cod Complete attempt to find cés M1
= C0Ssf = ...
Caoand donot isw. E.g. if they
16 )
cost = NG = 0= 54 subsequently find 99 54 or 180- 54, Al
14v'53 score AODo not allow 54.0.
W(ril) 5 1 6 |1 1 k 11 Attempts cross product of normal vector:
y -2|x| 1|=|]1 -2 -3=|-14 | 2 components should be correct if there| M1
-3 |-4) |6 1 - 13 no working.
2 _ .
VIE 14+ 1§__Jf+ 2+ 3/ 6+ 1+ 4 sia Complete attempt to find sth | M1
=sind=...
9% Cao and dmot isw. E.qg. if they
sinf=——=60=54 subsequently find 90 54 or 180- 54, Al
V1453 score AODo not allow 54.0.
3)
(b) 2 1 2+ A . .
PQ=| 3|+4|-2|of 32 Attempt parametric form d?Q by using M1
the pointP and the normal téA
-1 -3 -1-3
6(2+4)+(3-24)-4-% 3)= 7 | Substitutes parametric form B into the
: M1
= 1=.. equation off2and solves fol
3 (5 9 5 M1: Uses their value of in theirPQ
/1=—Z=>QIS(Z,—2,—4) equation M1A1

Al: Correct coordinates or vector.

(4)




(c) 1 6) |[i | k 11 M1: Attempt cross product between
2|x| 1|=|1 2 —3=|-14 [Rormals
3 |l-4) |6 1 - 13 Al: Correct normal vector (any multiple)
Alternative:
14 13
X—2y—32=0, 6X+y—-4z=0:x=1=>y=—",2="—
Y Y Y 11 11
11
=n=|-14
13

M1: Solvesx— 2y —3z=0, 6x+Yy—4z=0 to obtain values fo, y andz
Al: Correct vector (or values)

11) (2 11 2 Attempt scalar product between their
=141 3 |=..or| =14\ 3|=.. |normal and theiOQ or OP. Must obtain a
13) | s 13/ | -1 value.
11 11k
r. —14|=-33 Any multiple e.g.r.| -14k |[=-3X k= 0)
13 13k

to score in (C).

Note that if they use the intersection with (— —,—

17 15 -16

g for Q allow all the marks
7 7 7

(4)

Total 11




Question

Number Scheme Notes Marks
6(a) detM = ]x( 2 Z)—k(— 2 z}(+ @: 1 R | M1: Correct attempt at determinaj
ore.g (at least Zelements’ correct). May
e need to check as they might use i
detM :(O)_ :( I ‘k)_ 1—‘ z 2): 1R different row/column.
_ Al: Obtains printed answer with r .
detM = 02r ru‘E Ofiag&ui' LR errors. If they use determinant M1AL
etV = = Or_e - notation as in the last example,
5 5 - 5 then you must see at least one
() B _k L0 B intermediate step before the print
1 - -4 — -4 answer e.g. minimally 1 -k 0.
2
(b) (MT) (minors) ( cofactorp
1 2 -4 1 2 -6 1 -2 -6
k 2 1| or|-k -1 & & | orlk —-1-1 K Bl
0O 1 -1 k 1 -2-X% k -1-21R
M1: Full attempt at inverse
ignoring determinant. Need to se¢
1 k k all stages but allow numerical slip
1_ 1 1 1 1 Al: 2 correct rows or 2 correct M1A1AL
1- 2k columns including reciprocal of
6 -1-4& -2-X determinant
Al: All correct including reciproca
of determinant
(4)
(c) L (1450)i +(—2+ 20)i +( 3+ A K M1: Attemptl2 in parametric form
2 ( N ) +( M )J +( ) Al: Correct parametric form M1AL
1 0 0| 5 T 3 M1: Putsk = 0 in theirM "*and
Vs 1 qllcor el 23213 multiplies this by their parametric
orm correctly. Or starts again to
1 f ly. O [
-6 -1 -2} 34 —10- 34 find the inverse and multiplies.
ore.g. M1A1l
1 1 0 0 15 1 S Al: Correct parametric form foh
1 -2 -1 -1||-2 2|=| -3 -1 or correct matrix.
-6 -1 -2){ 3 1 (-10 -3
x-1 y+3 z+10 M1: Attempts cartesian form from
5 _-13 -34 oe their parametrit: correctly.
a, +bA Dependent on both previous M’s. dM1AL
X-8 _y-& 2Z-3&
% +0d — b b, b Al: A complete correct equation
a,+bA 2 3
If their M is incorrect in terms df but by substitutinds = 0, a correct answer is obtained
(c) allow a full recovery.
(6)

Total 12




(c) Way 2

-2/ +% and 6+ K areadn
M*i-3+& )= -B-10 M1: Attempt two points o V1AL
M7 (6 +4&)=6—-1p - 44 Al: Two correct points oh
6+ 51 M1: Uses their points to obtain
_16-131 parametric form fok
Al: Correct parametric form fdg M1AL
—44- 34 or correct position and direction.
X-6 y+16 z+44 M1: Attempts cartesian form from
5  _-13 -34 oe their parametri¢: correctly.
a +bA Dependent on both previous M’s. dM1AL
X-a_Yy-&a_ 2Z-8&
% +0d — b b b Al: A complete correct equation
a, +b,A 2 3
(c) Way 3
X 1 X
1 0 0)fx 1) (x 1) | m1:solvesM|y|=|-2=]|y]= .
2 -2 1l|ly|=|-2|=|y|=| -3 z 3 z M1A1l
-4 1 -1){z 3 z —10 | Al:i- 3 — 10k. Correct vector or
values forx, y andz
X 5 X
10 0)x) (3 (x S) | M1:SolvesM|y|=| 2=|y|= .
2 -2 1|ly|=| 2|=|y|=|-13 z) (1 z M1A1l
-4 1 -1){z 1 z -34 Al:5i — 13 — 34k. Correct vector or
values forx, y andz
M1: Attempts Cartesian form from
x-1 y+3 z+10 their valueorrectly. Dependent
= = - ; dM1Al
5 -13 -34 on both previous M’s.
Al: A complete correct equation
(c) Way 4
M1: Attemptlz in parametric form
L, :(1+52)i+(—2+ 20)j +( 3+ Ak correctly M1A1
Al: Correct
1 0 O0)x 1+ 51 x=H 4
2 -2 1lyy|=|->+2A|=> y=-313
-4 1 -1)\z 3+ 1 z=-10- 34 M1A1l
M1: UsesMx =1, in parametric form
Al: Correct expressions fary andz
M1: Attempts Cartesian form from
x—1: y+ 3: z+10 their valueorrectly. Dependent dM1AL

5 -13 -34

on both previous M’s.

Al: A complete correct equation




Question
Number Scheme Notes Marks

7 In2
[, =I cosh'x &

0
@ = I cosH*x cosix x

I”:.[ cosH™x coskx xl= sink co&ﬁx—J. (n— )1 cdskk simhx

ML1: Integration by parts in the correct direction. If the formula is quoted it mus|
correct otherwise look for an expression of the form M1A1

J_rsinhxcosl‘i‘lxirkj cosh®x sirftx x

Al: Correct expression

Replacessini? x with
+cosH x+ lon the
=sinhx cosHlx—J (n— 1 cosh’x( codk— ) “integration paftto obtain an yy;q

expression in coskonly.
Dependent on the first
method mark.

=sinhx cosfi™* x—(n- )j costx a+(n— )j' COSAX X |

_ Introducedn andln-2.
=sinhx cosfi™* x—(n— M +(n- W, Dependent on both previous | ddM1
method marks.

Use of given limits on their

. 1 In2 _ .
| sinhx cosfi x]o = sinh(IN2)cosht  (IN@) ) | ihx cosh™ x. Does not need
n-1 to be evaluated but note that | M1
_(3)(> 5 3
a4 cosh( Inazz ,sinig In;Z::1
—1 _1
_3x5 +(n )| * cao Al*

| = ~
" nx4" n "?

(6)




(a) Way 2

I, =j cosH?x coshx xdz_[ cosh’x xdj cdshx s x M1
Writes cosH x as cosh? x  codl and usessint? x=+ coshx=+ .
: -1
J- cosH?x sinf x d:{smhx cosh X}— 1J. cosix x
n-1 n-1
M1: Integration by parts in the correct direction. If the formula is quoted it mus 1141
correct otherwise look for an expression of the form
psinhx cosﬁ‘lxiqj coshx x
Al: Correct expression
Introducedn andln-2.
(n-1,=(n-II,, +[sinhx cosf* x]— ., Dependent on both ddm1
previous method marks.
Use of given limits on their
: P LA | sinhx cosA™ x. Does not
[smhx cosh xl) = sinh(In2)cosit (Ing} ) need to be evaluated but no
3 5 n-1 that Ml
=== 5 . 3
4)\ 4 cosh(IN) == ,sinff InP=—
4 4
=+ (n-1
_357 (Y, cao AL*

n-2

n n +
nx4 n

You can condone the occasional missing dx and limits along the way and
“invisible” brackets may be recovered.
Do not allow e.g. an obvious sign error that gets “corrected” later — withhold the

final A1 in such cases.




(b)

_3x5 3 or xa’ 3, Correct first application dheir or |,
4T Ax 4 +Z 2 4x b* +_4 2 the givenreduction formula
_ 3x5 3(&5 1) Xa’ j 3a J[]
2 I r—+ 5+
 4x 4 2 & &b Zb 2° M1
Correct second application tifeir or the givenreduction formuldhat is consistent
with the formula used in the first application to obtain| , in terms ofl
l,=In2 B1
735 3 Cao (Allow equivalent exact forms
l,=——+-=In2 e.g. may be factorised but fractiong Al
1024 8 must be collected)

Note that candidatasay work from the “other end” e.g.
Bl

=In2

LY
2 ox 2
3x 5’ 3(&5 1|j
a4 2 £ °
735 3

““1024" 8
Cao (Allow equivalent exact forms e.g. m
collected)

1, Mil,

+-In2 Al

intermsof |,

M1 I,intermsof |,

ay be factorised but fractions must

4

(b)
Way 2

3X53+—3|
4x 4 4°

I, =

Correct application of thereduction
formula

M1

In2 In2
|2=I cosifx &= I ( += costh xi

0

11 1. . , Bl
Z 4 Zcoshx | &= >+ =sinh 2
J. (2 5 j 5t Correct integration
In2 Correct use of limits on an
I, :F+Esinh 2(:| =5 I 2+ S expression of the form M1
2 4 0 32 axX+ fsinh 2

3x5 31 15
l,= +—=| =In2+—
4x 4" 4\ 2 32

735 3
l,=—>4+5n2
1024 8

Cao (Allow equivalent exact forms
e.g. may be factorised but fractions
must be collected)

Al




(b)

eIn2 In2 1 1 2
Way3 | |,= cosh'x &k= (—+— coshzj xi
JO 0 2 2
eIn2
(E+—1005h X+ cosh 2) xi costf x= 2+ coshg+ coghx | BL
JO 4 2 4 4 2 4
eIn2 _ 1 1
1 [1+Zcosh2+—1( s coshxbj « cosH 2<_i5i—2 coshxand M1
4J0 2 .
attempt to integrate
In2
l[§+sinh 2<+—l sinh 4(} Correct use of correct limits M1
4| 2 8 o
735 3 Cao (Allow equivalent exact forms
l,=——+-In2 e.g. may be factorised but fractiong Al
1024 8 must be collected)
In2 In2 X 5 X 4
] e [[5]

In2 X x \* In2
:J €+e dx=(—1)_.. (e“x+ 46" + 6+ 4 +‘é‘x) x B1
0 2 16)Jo
Correct expansion
ax < 4X In2
(L C oe 4+ - 265 Attempts to integrate their expansi M1
16)| 4 4
In2
(ij [4+ 8+ 6In 2—}——1j—( 0 Correct use of correct limits M1
16 2 64 o
735 3 Cao (Allow equivalent exact forms
l,= MJF —8In 2 e.g. may be factorised but fractiong Al

must be collected)

Total 10




Question Scheme Notes Marks
Number
8(a) x
Way 1 y=In eJrl:ln(e“rl)—ln(é‘— ]):ﬂ= e ¢
“— 1 & €+ 1 é&- M1A1L
M1: Uses correct log rule and attempts derivative using chain rule
Al: Correct Derivative
dM1: Attempt single fraction
and uses
er_é(_éx_é — 26 (ex—l)(é('*'l): éx—l.
= ™ =—F Dependent on the first method| dM1A1*
e -1 -1
mark.
Al: Completes correctly with
no errors
4)
(a) Way 2
dy €&- e(e-1-¢&(e&+ ) M1: Uses chain and quotient o
dx e+ (ex B 1)2 product rules
Oor M1A1
dy e-1 . -1 -2 Al: Correct derivative
&_eX+]1(e(ex_]) ~8( & ) e )1)
dM1: Cancels’e- 1 and uses
(e-1)(e+1)= &—1.
1 2¢ 2¢ Dependent on the first method
- - =_ * M1A1*
e + 1[ e - ]] ¢ - 1 mark. d
Al: Completes correctly with
no errors
(a) Way 3
X ele—-1- é( e+
y=In ex+1:>ey:é‘+ 1:eV—®: ( ]) 2( )—
-1 €-1 o (ex_ 1)
. . . -~ . . M1A1l
M1: Removes logs correctly and differentiates implicitly using chain and quot
rules
Al: Correct differentiation
dM1: Divides by &in terms of
dy 2 -1 28 x. Dependent on the first
WX R "+ 1 &-1 method mark. dM1A1
(e B ) Al: Completes correctly with

Nno errors




(a) Way 4

y=In e+l :In(coth—lxj:g: 1 Leosech-x
1 2 2 2

*— & coth x
. 1 M1A1l
M1: Writes asIn (Cothz xj and differentiates using the chain rule
Al: Correct differentiation
dM1: Substitutes the correct
e_ 1) _2¢g 28 exponential formsDependent
= X = — 1
11 (ex—l)z & _ 1 on the first method mark. __ | dM1A1
Al: Completes correctly with
no errors
(a) Way 5
1, [(1+x _
artanix== I —— |= y= 2artanf &)
2 \1-x
2 x
7 =————5%x—€ M1A1l
& 1 (e)
M1: Writesy correctly in terms of artanh and attempts to differentiate using the chain
Al: Correct differentiation
dM1: Multiplies numerator and
_oaX denominator by%. Dependent on
% = Ze_ZX = XZé * the first method mark. dM1A1
dx 1-e -1 Al: Completes correctly with no
errors
(a) Way 6
yzln[1+ X2 J:g:—llx—Ze‘( € - f/liz
-1 & 14 Z(ex— :I)
e+1 2 M1AL
M1: Writes — 1asl+ . 1and differentiates using the chain rule
e — e —
Al: Correct differentiation
dM1: Multiplies denominator by
B —2¢f . —2é (eX - 1)2. Dependent on the first
(ex _ 1)2 4 2( & _ :) e” -1 method mark. dM1A1

Al: Completes correctly with no
errors




(b)

Uses the correct arc length formul

"] > )
L 14| + 2¢ dx with + the result from part (gNote M1
e _ 1 that we condone the omission of
* the minus sign on the fraction)
e™ - 26 + 1 4& d Attempt single fractionDependent
= . X . dM1
(e2x _ 1) on the first method mark.
Note that, for the first 2 marks, the candidate may just work on the integrand
e.g.
2 X X
1+i22e‘ _ é‘—2é+32f4§
e*-1 (e2x _ 1)
Would score the first 2 marks.
2 X
(e +1) (é + ZD Correct integral with square root
L= dx = - . Al
( 1) (ezx — 1) removed. No limits required.
S2X
j.cothxng‘e te” J.]:L 2672 oi,—lj‘—z——l diu= B- ):
1 e~ 2lu u+ 1
1 i——1du(u:ezx), —l+—1——1dJ(U: é)
2lu-1 u u+l u-1 u
1 i——1du(u =&+ 1
21u-2 u-1
= [Insinhx] [ In( & - éx)] [x+ I ‘éx)] [ lo- Igf( & u)}
(U2 —1) Al
[In(u—l)— In\/U], InT ,[In(u— 2)- InJu— 1}
Correct integration
Correct use of limits e.g. In3 and
=1In sinh( |n3j_ In sinf( |n3 In2 for x and e.g. 3 and 8 if
u=e”— 1. They must be the
4 3 - . _ ddm1
=ln—-In—= correct limits for their method if
3 4 they use substitutiomependent
on both previous method marks.
16
=In— cao Al
9

(6)

Total 10
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