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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.

¢ 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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PEARSON EDEXCEL IAL MATHEMATICS
General Instructions for Marking
1. The total number of marks for the paper is 75
2. The Edexcel Mathematics mark schemes use the following types of marks:

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

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

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

e Marks should not be subdivided.

3. 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 fwill 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 0.e.—o0requivalent (and appropriate)

e d... or dep — dependent

e indep — independent

e dp decimal places

e sf significant figures

e Xk The answer is printed on the paper or ag- answer given

o [ ord... The second mark is dependent on gaining the first mark

4. All A marks are “correct answer only’ (cao), unless shown, for example, as A1ft 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.
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5. 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.

6. 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 Ifeither all attempts are crossed out or none are crossed out, mark all the attempts and
score the highest single attempt.

7. Ignore wrong working or incorrect statements following a correct answer.

GradeMax
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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 +¢) = (x+ p)(x+q), where|pg| =|c|, leading to x=...

(ax® +bx +c) = (mx+ p)(nx+q), where|pg| =|c|and |mn| =|a| , leading to x =...
2. Formula

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

3. Completing the square
b 2
Solving x* +bx+c=0: (xiEj +g+c=0, g=#0,leadingto 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"**)



GradeMax
Further Mathematics - 2021 - Oct/Nov - FP3 - MS

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.
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GradeMax
Question Scheme Marks
1 y_ 1.2 M1
dx 2 (2)()2_1
2
1+(dyj 1. 1 4x M1
1 4x° —
Jil) o] J I g
1+ dx = dx 2 Al
X — 4X _
2(4x* -1)?
_L M1
8x%
1 13
4x? -1)? 29 _
S= % :%(\/4x169— - 4><%—1J: dMm1
7
2
1(15\/5—4\/§)=E\/§ Al
2 2
(6)
(6 marks)
Notes:

M1: Attempts (;_y accept the form Allow
X

Alternative 1:

Writes %ar cosh 2x as %In(2x+x/4x2 —1) leading to

dy_1 1 X(2+ 4x ]: 2x+4x° -1 1
X 2 2xivax 1\ a1 \/4x2—1(2x+\/4x2—1) Vax? -1

Alternative 2:

y:Earcosh2x:>2y arcosh 2x = cosh 2y = 2x—>4smh2ydy 2X = dy__ 1

A A .
—_ ——— (condone missing brackets)
J(2x) -1 V2x? -1

1

If either approach is taken then the same condition for the form of the derivative applies

Note that this differentiation may be seen in an attempt by parts of J-ydx

2
M1: Attempts to find 1+[3—yj using their dy and attempts common denominator.
X X

Al: Reaches a correct simplified integral with \/F replaced with x as shown in the scheme

. 1 1 4x
Allow equivalent formse.g. 2| x /—dx, — | ————0dx
q g J‘ 4X2 -1 ZJ‘ ,(ZX)Z -1

This may be implied by subsequent work.

X dx sinh2y \/4x_
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1
M1: Attempts the integration and reaches the form oc(ﬂx2 —1)5. a and/or £ may be 1
This may be implied by e.g.

1
u=4x>-1—k —du—a\/— oru=x*—>k
j I\/4u—1

dM1: Applies the limits to their integral. Depends on the previous 2 method marks.
Any attempts at substitution requires use of changed limits e.g.

675
u=4x’-1—-= J.—du—> ] =..

48

du=a+v4u-1

Al: cao Accept equivalents in the correct form, such as %\/363

Examples of alternative for the final 3 marks:

—icosh u=— ZI COSh u 1 smh udu
\Vax? - \/cosh2

ECOShudu zl[sinhu]arcoshze _ .
2 2

arcosh7 E

1 {el (26+1543) _e—ln(26+15\f) e In(7+4+3) _e—ln(7+4\/§)
2

=%(15\@—4ﬁ)=1—21ﬁ

Score M1 for a complete method for the substitution leading to ksinhu and then dM1 for
applying changed limits (or reverts back to x) and Al as above

SEC u

1 X

—secu > Zj—

2 Jax? -1 \sectu —
arcosh

L sectudu= 1[tan ul ?
2 2

arcosh=
7

:%(15%—4\/5):1_2%5

Score M1 for a complete method for the substitution leading to ktanu and then dM1 for
applying changed limits (or reverts back to x) and Al as above

sec utanudu

Special Case if no integration is attempted:
Note that if candidates do not attempt the integration but obtain the correct exact answer then a
special case of M1IM1A1MOAOQAL (4/6) should be awarded.
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Question Scheme Marks
2. coshy=x,y<0= yzln[x—\/xz—l}
y -y
coshy:x:>x:e +2e Bl
= 2xe’ =e”’ +1 M1
, 2x£(2x)" —4x1x1
=e” -2xe’ +1=0=¢’ =
M1
or
:>e2y—2xey+1=0:>(ey—x)2+1—x2 =0=e’=..

=x+/x*-1 Al

Soy= In[x— x? —1}* Al*

since y<0=e’ <1 soneed x—+/x*—1 (as x >1 so must subtract) B1

(6)
(6 marks)

Notes:

X —X

: . e‘+e
B1: Correct statement for x in terms of exponentials. cosh y =

scores BO.

M1: Multiplies through by €Y to achieve a quadratic in €'. (Terms need not be gathered.)
M1: Uses the quadratic formula or other valid method (e.g. completing the square) to solve for &’.

2X £ 4x* —4
2

Al*: Completely correct work leading to the given answer regardless of the justification why the
negative root is taken (correct or incorrect). Must be no errors seen.

B1: Suitable justification for taking the negative root given.
Eg.y<0so y= In[x—\/x2 —1}. Condone x++/x*-1<1s0 y= In[x—\/x2 —1}

Note that the B1 can only be awarded if all previous marks have been awarded.
But the reason may be given before or after In has been taken.

E.g. (ey—x)2+1—x2 =0= e’ —x=+Jx’—1buty<0so e’ —x=—/x*-1

Al: Correct solution(s) for €Y. Accept if only the negative one is given. Accept

Working backwards:

y= In[x—\/x2 —1J:>ey =x—Vx*-1(Bl)=> e’ +e”¥ = x—x/x2—1+—1 (M1)

X—+/x* -1
- 1 2x(x—\/x2 —l) o) Lo
X—Vx2 =1+ = -
X—x2-1 X—+/x2 -1

Final B1 unlikely to be available.

(M1)=2x(Al)= x = =cosh y(Al)
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Question Scheme Marks
1

3(a) d_y:6c:o__30 or §+ﬂd_y:0 or d—y=£><1(576—9x2)_E x —18X B1

dx -8sind 64 36 dx dx 4 2
__3c036?:>m _ 1 _4sing ML

4sin @ " m  3cosd
So normal is y—6sin@ = 45In6(x—800$,0)
3cosé

or dM1

__4sing 4sin 0

x8c0s O

y= X+C, C=6sinf—
3cosd 3cosd

= 3ycosd—-18sin@dcosé =4xsind—32sindcos e

= 4xsin@—-3ycosd =14sindcos* AL
(4)
(b) Alis (%cosa,oj and B is (O,—%sin 6?] B1
M is ;COSQ _1:sin¢9 :(Zcose —Zsinej M1
2 2 4 3
2 2
sin29+c0329:1:>(—$yJ +(;xj =1 dml
=16x* +9y* =49 Al
(%)
(9 marks)
Notes:
(@)
dy

B1: A correct statement for, or involving, vl See examples in scheme for parametric, implicit and
X

direct forms.

M1: Finds g—y in terms of @ and applies the perpendicular condition to find gradient of the normal.
X

dM1: Uses their normal gradient and P to find the equation of the normal

Al*: Correct answer from correct work with at least one intermediate step and no errors seen.

(b)

B1: Correct coordinates for A and B or correct intercepts of | seen or implied by working. Allow in

any form simplified or unsimplified.

M1: Uses their A and B to attempt the midpoint, M. May be implied by at least one correct
coordinate.

dM1: Uses sin® @ +cos” @ =1 with their M to form an equation in x and y only.

Depends on the previous mark.

Al: A correct unsimplified equation.

Al: Correct equation in the required form. Allow any integer multiple.
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Special Case: If M is found as e.g. (%cos 0, %sin 0) withhold the final mark only if otherwise

correct.
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GradeMax

Question Scheme Marks
4(a) -1
3 2 k 2 k 3
k 3 2=2 -0 +(-1 =23k-2)-(k+6)=...
I s FE R RO M1
-2 1 Kk
=6k-4-k-6=5k-10* Al*
(2)
(b) -2 3k-2 k’+4 k+6
M'=| 0 3 1|orminors 1 2k-2 2| or
-1 2 Kk 3 4+Kk 6
M1
3k-2 —-k’—-4 k+6
cofactors -1 2k-2 -2
3 -4-k 6
3k -2 -1 3
Adjugate matrix is | —-k*—4 2k -2 -4—Kk | (> 6 entries correct) M1
k+6 -2 6
3k -2 -1
Hence M = -k*-4 2k-2 -4-k
k10 dM1A1l
k+6 -2 6
4)
() Images of A, B and C are (5,4k —18,3k —16), (0,7-2k,9—4k) and M1
(0,4k — 2,8k ~14) Al
15 4k -18 3k -16
(£)50=0 7-2k  9-4k|=>(+)300=5(..)(=200k~400) = k=.. | M1
0 4k-2 8k-14
(3002200k—400:>)k=% or (—3002200k—400:>)k=% Al
1 7
k==and k=— Al
2 2
®)
Alt Using volume scale factor. Attempts
method 4 -8 3
a(bxc)=|-2 5 —4|=4(40-24)+8(-16+16)+3(12-20) =.. M1
4 -6 8
4 -8 3 )
Volume of T is %|a.(bxc)|:%—2 5 -3 :?0 Al
4 6 -8
. _ 20 20
Volume image of T = |detM|x?:>?|5k—lO| =50=k=... M1
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20 7 20 1
—(5k -10) =50 k=— or|—(10-5k)=50 k==
( 3 ( ) :>j 5 ( 3 ( ) :>J > Al
k _1 and k _! Al
2 2
5)
(11 marks)
Notes:
()

M1: Correct method for expanding the determinant to reach a linear expression in k. Expect
expansion along the top row, but may expand along any row or column. Sarrus gives 6 + k — (6 + 4).

Al*: Correct expression from correct work.

(b)

M1: Begins the process of finding the inverse by attempting either the transpose, or the matrix of
minors or cofactors. Look for at least 6 correct entries.

M1: Proceeds to find the adjugate matrix (may include the reciprocal determinant). Again look for 6
correct entries.

dM1: Full method to find the inverse matrix, so divides their adjugate by the determinant.
Depends on both previous marks.

Al: Fully correct inverse.

(c)

M1: Attempts to find the image vectors of A, B and C under the transformation. (O mapping to O

may be assumed). May be implied by at least two correct entries in one of the three vectors — but
must be finding all three.

Al: Correct image vectors. Allow unsimplified and isw if necessary.

M1: Use their image vectors in a suitable scalar triple product to find the volume, and set volume
equal to 50 and attempts to solve for k. Must include the 1/6 but may appear later.

Usually %(200k—400) =50 leading to k :%

Al: One correct value for k obtained, either k =g or k =%

Al: Both values of k correctly found. k :% and k :%

Alt method using determinant as volume scale factor.
M1: Attempts an appropriate scalar triple product. May have rows in different order.

Al: Correct volume for tetrahedron T. Need not be simplified, so 4_60 is fine here.

M1: Uses the determinant as the volume scale factor to set up at least one equation in k using their
volume and the given volume and attempts to solve for k. The 1/6 may have been missing.

Usually %(SK —10) =50 leading to k =g

Al: One correct value for k obtained, either k :g or k :%

Al: Both values of k correctly found. k =% and k =%
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GradeMax

Question Scheme Marks
5(a) i j kK
Gi+j)x@i—-2j+3k)=5 1 O0f=..
8 -2 3 M1
(ui+vj+wk).(5i+j)=0 5u+v=0
. . =Uu,V,W=...
(ui+vj+wk).(8i-2j+3k)=0| ~8u—2v+3w=0
n=3i-15j—18k or a(i—5j—6k) forany a =0 Al
)
(b) (i) r=(2i—4j+4k)+s(8i—2j+3k)+t(5i+]) B1
(1)
(ii) (2i—4j+4K).(3i -15j-18K) =...(= —6) M1
So r.(3i—-15j-18k)=-6 oesuchas r.(—i+5j+6k)=2 Al
)
(©) Distance from plane in (b) to origin is +6 oe e.g. 2z
Way 1 V37 1152 +18° VI 52 + 62
Or attempts similar for parallel plane containing I1, e.g. M1
(i+2j-5k).(3i-15j-18k)
V3 +15% +18°
:ii (oe evaluated) or $£ if considering other plane. Al
J62 J62
i+2j—5k).(3i—15j-18k
Both £6 oe and (I+ J )( ) ): attempted M1
V32 +15% 4187 V32 +15% +18°
. . .2 21
Hence shortest distance between lines is —+—=... M1
J62 62
_ 23 2362 AL
J62 62
(%)
Way 2 AB = ((i+2j-5k)—(2i—4j+4k))=+(-i+6j-9k) M1 Al
ABn *(-i+6j-9Kk).(3i-15j-18k
d=ABcos¢9:AB'n: ( 1+ )(I J )oe M1
In| V32 +15% +18°
_ £(-3-90+162) 469 M1
\/558 NG
_ 23 2362 AL
J62 62
(%)
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Way 3 (2i—4j+4k)+ 1(8i — 2j+3k)—((i +2j—5k)+ A (5i +]))
M1 AL
=(1+8u—5A)i+(-6-2u—1)j+(9+3u)k
((1+8u—51)i+(-6-2u—2)j+(9+3u)k).(5i+])=0
= 38u-26A=1
((1+81—54)i+(-6-2u—2)j+(9+3u)k).(8i —2j+3k)=0 ML
= T7u—384 =-47
207 70
SA=—"—, u=——
62 31
(2i —4j+4Kk)+ p(8i—2j+3k) —((i+2j-5k) + A(5i +]))
23. 115. 69
=——i+—j+—Kk
62 627 31 M1
ERGIRE)
d=,|=| +| = | +| =
62 62 31
23 2362
= or Al
J62 62
()
(10 marks)

Notes:

Accept equivalent vector notation, e.g. column vectors, throughout.

(@)

M1: Any correct method to find a vector perpendicular to the two direction vectors of the lines.
Look for the cross product between the two direction vectors, but may use dot products and solving
equations. In the latter case the method should lead to values for u, v and w.

For the vector product, if no method is shown look for at least 2 correct components.
Al: Any correct vector, a scalar multiple of —i +5j+ 6k

(b)
X

B1: Any correct equation. Must haver=...ore.g. | y |=...
z

M1: Uses their normal vector from (a) with any point on the plane (probably (2i —4j +4k) to find p

Condone slips with the calculation so (2i —4j+4k).(3i —15j—18k ) evaluated as a scalar is sufficient

for M1. May also be implied by p=—6

Al: Any correct equation of the correct form.

(c)

Way 1

M1: Uses the plane equation from (b) (or otherwise) OR the parallel plane containing I, to find the
distance of one of these planes to the origin.

Al: Correct distance between one of the planes and the origin, accept + here.

M1: Attempts distance of both the parallel planes containing I, and I, from the origin.
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M1: Correct method for finding the distance between lines — i.e. subtracts their distances either way

round.

Al: Correct answer. Accept 23 or 2362
Je2 62

Way 2

M1: Subtracts position vectors of points on the lines (either way around). Implied by two correct
coordinates if method not shown. (Forms suitable hypotenuse.)

Al: Correct vector or as coordinates, either direction.

M1: Correct formula for the distance using their vectors, d = ABcosé& :% with their AB and n.
n

M1: Complete evaluation of the formula.

23 2362

Al: Correct answer. Accept or but must be positive.

J62 62

Way 3

M1: Subtracts position vectors of general points on each line (either way around). Implied by two
correct coordinates if method not shown.

Al: Correct vector or as coordinates, either direction.

M1: Forms scalar product of the general vector with both direction vectors, sets = 0 and solves
simultaneously

M1: Substitutes the values of their parameters back into the general vector and attempts its

magnitude
2362

Al: Correct answer. Accept 23 or but must be positive.
J62 62
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GradeMax

Question Scheme Marks
6(@) : Gl
_ n-1 2 a1 2\ [V? na 1 M1Al
Way 1 In_J‘O X .xcos(x)dx{x Esm(x )l —jo (n=1x 2sm(x)dx
:[x“.lsin(xz) ——( -1) *xsin(x*) dx
2
= = dM1Al
e 1. 2 1 1 \g \g a1
=[x Esm(xz)_O ——(n 1)[[ —Ecos(xz)}o —J‘O (n=3)x .—Ecos(xz)dx]
1 [z 1 1
T . T
=|=| =] sSin——0|-=(n-1)] (0-0)+—=(n-3)I
[2 \@ : J (-9 0-0)+ (-3, a1
n-1
1(zY2 1
=== -=(n-1)(n-3)I_,* Al*
2(2) 4( )( ) n-4
(6)
Way2 Xn+1 % % n+1
| = cos(x*) —I —2xsin(x*) dx M1A1
n+1 0 o N+1
X" 2 _\/% 2 \/é n+2 2
= cos(x*)| +=—| " x"*sin(x*) dx
n+1 1o n+lJ,
- NG x - dM1A1
n+l P n+3 2 5 yh+3
= cos(xz) P sm(xZ) —J. X 2xcos(x)dx
n+1 Jo N+l [n+3 o o N+
2 1 n+3 2
T . T
=(0-0)+—| —| /= | sin——0-———I
(0-0)+3 n+3( 2} 2 n+3 "*“J Mt
n+3
1(z)2 1 . .
= In+4=5 > —Z(n+1)(n+3)ln so replacing n by n — 4 gives
o Al*
1(z)2 1
=== -=(-)(n-3)I_,*
n 2(2] 4( )( ) n-4
(6)
(b) z )
Ilz'[ 2xcos(xz)dx=Fsin(x2)} *_1 Bl
0 2 0 2
E
1(n "l
=== ——5153><— M1
5 2(2) (6-D(-3)
2
=z 9 =8 1( ] -1 Al
8 8 2\ 2
®3)




GradeMax
Further Mathematics - 2021 - Oct/Nov - FP3 - MS

(9 marks)

Notes:

(a) Way 1
M1: Applies integration by parts in the correct direction having made the ‘split’ and obtains:

[iax“‘lsin(xz)] iﬂj X".sin(x*) dx

Al: Fully correct expression

dM1: Applies integration by parts in the correct direction to ﬂj x"2.sin (xz) dx and obtains:

[iax”“" cos(xz)] J_rﬂJ‘ X" cos(x) dx

Depends on the previous M mark.
Al: Correct second application of parts e.g.

j x“Z.Sin(xz)dx:[x”3.—%cos(x2)} —J (n—3)x”4.—%cos(x2)dx

dM1: Applies the limits completely to their result and replaces final integral by 1, ,. The

substitution of limits may have been carried out in stages throughout the work, or may be applied
after integration by parts twice has been carried out. Depends on both previous M marks.

There must some explicit evidence that the limits have been applied but this may be taken
n-1 n-1

\/E n-1 2 e
from either the {x“‘l.lsin(xz)} " —eg. \/z T BN R A i(zj "0
2 0 2 2 2 2 2 2\2

T

or [x”‘?_lcos(xz)} * _eg. 0-0, 0
2 0
Al*: Achieves the printed answer from completely correct work with no errors seen and evidence of
the given limits being applied.
Way 2
M1: Applies integration by parts in the correct direction and obtains:

[iax””cos(xz)] J_rﬂj X" xsin(x*) dx
Al: Fully correct expression

dM1: Applies integration by parts in the correct direction to ﬂI X" xsin (xz) dx and obtains:

[iax”*ssin(xz)} iﬁj X"*.xcos(x*) dx

Depends on the previous M mark.
Al: Correct second application of parts e.g.

j x”*z.sin(xz)dx:[xm3 .sin(xz)} —j X" .2xcos(x2)dx
n+3 n+3
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dM1: Applies the limits completely to their result and replaces final integral by 1..,. The

substitution of limits may have been carried out in stages throughout the work, or may be applied
after integration by parts twice has been carried out. Depends on both previous M marks.
There must some explicit evidence that the limits have been applied but this may be taken
.cos(x*)| =eg. 0-0,0 or

0

n+1

from either the { X
n+1

n+3

[L+3.sin(x2)l:/Z =e.g.%.sin(\/%z} Z_ sin(%), \/Z (1), (Zj 2 —0

n+3 n+3 n+3 n+3

Al*: Achieves the printed answer from completely correct work with no errors and evidence of the
given limits being applied with a clear statement that n is replaced by n — 4

(b)

B1: Correct I,. May be seen after attempting the reduction.
M1: Applies the reduction formula with their I, and n =5 to reach a value. Condone slips with

evaluating %(n —1)(n-23) as long as the intention is clear.

Al: Correct answer.

Note: Beware incorrect work in (a) leading to what appears to be a correct form e.g.

- [ty [ )

o nx
2X 0 2X

This scores MO at the start and hence will usually score no marks in part (a)
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Question Scheme Marks
@) b* =a’(e’ ~1) = ¢’ :E 1_25—+az oe B1
a’ a’
(1)
(#)2 X ()
E><1:i1:> y:i§:> AA':2><§ or E—(—Ej M1
e a 5 e e e e
10
=— Al
©)
@) 1" "X( aj 1 10a [\/7 a’ ]
—x — x| ae+—| or e.g. = x—=x| Vv25+a° + —— M1
2 e e 2 \/25+a’ \25+a?
e e 3
or M1
2
o T B
2 25+a’ V25 +a? 3
a2 Al
:>15a(1+ o 2j=164 (Mlon
+a EPEN)
2
— 15| 228 | 164 3750+ 30" =164(25+ a?)
25+a Al*
= 30a’ —164a* +375a—4100=0*
(4)
(d) , , i B1
30a° —164a +375a—4100:(3a—20)(10a +12a+205) (M1 on
EPEN)
12% - 4(10)(205) =.
M1
10a’® +12a+205=10 (a+£j 144 +205
20 400
E.g. 12 —4(10)(205) <0 so there are no other roots of the equation.
20 . . Al
Hence a:? is only possible value.
®3)
(11 marks)
Notes:
(@)
B1: Correct expression.
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(b)

B1: Identifies at least one correct equation for a directrix and at least one asymptote, stated or used —
including the b = 5.

M1: Solves to find y coordinates of A and A’ or just one of these and doubles to get length. Allow if
b is used rather than 5.

Al: Correct length (from subtracting or doubling). Must be positive.

(c)

M1: Uses focus (—ae, 0) and directrix x =2 (allow if the alternative pair is used) with their length
e

from (b), to form a correct or correct ft expression for the area of triangle AFA”.

M1: Sets their area equation equal to % to obtain an equation in e?and a.

Their attempt at the area must be of the form %x 10 xi(aeii)
e e

2

. L . a“ . . .
Alternatively, allow an equation in just a® if e = Is substituted first.

aZ

A1(M1 on EPEN): Correct equation in terms of a only. Allow any correct form.
Al*: Correct result achieved with no errors seen and sufficient working shown.

(d)
B1(M1 on EPEN): A correct method for showing that a = 2—: is a solution of the equation.
Examples:
30a’ ~164a’ +375a - 4100 = (3a—20) (10a2 +12a+ 205)
30a° —164a’ +375a - 4100 = (a—z—:j(maz +36a+615)

+2500-4100=0

; ( 20 j _ 80000 _ 65600
3 9

Or e.g. long division and obtains correct quotient and no remainder
M1: A correct method for showing there are no other roots. May use completing the square (as in
scheme) or attempt discriminant or differentiation,

3427 >0 so strictly increasing hence only one

2
e.g. i(eqn):90a2—328a+375:90(a—gj +
da 45

solution.

If using discriminant then values must be used i.e. not just b? — 4ac < 0

An attempt at the discriminant may be seen as part of the quadratic formula e.g.
~12:+ /122 - 4(10)(205)

= 2(10)

Al: All work correct with reason and conclusion made that a = 2—30 is the only possible value. If the

discriminant is evaluated then it must be correct. For reference 12° —4(10)(205) = -8056 and
36° —4(30)(615) = —72504 but note that e.g. 12> —4(10)(205) < 0 with a conclusion is acceptable.
Note that just using a calculator to solve the cubic generally scores no marks.
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Question Scheme Marks
1 1 1
8(2) d—y=i L 2><...x2 or cosy=2x2:>J_rsinyd—y:..x2 M1
dx 1- kX dx
L 1
_= 2
%:i 114 x(szj or gy iLZ dmMm1
X —4X X _(2\/;)
&L eeq o1 Al
Ix1-4x 7 dx X — 4X2
(3)
(b) j dx = I 1xarccos(2+/x ) dx =xarccos(2+/x ) - x_—1 dx M1
Wav 1 y ( ) ( ) \/; N—4x
y
= Xarccos ZI j *dx* Al*
2
d -1
Way 2 — [ xarccos(2+/x)) =1.arccos(2v/x | + X, ————
dx( ( \/_)) ( \/_) f N—4x M1
— | arccos Zf dx = xarccos Zf I dx * Al*
J =T
(2)
(c) L%:—lsine dx =—/xsinodo %:—isinecose
2Jxdo 2 ’ Vx 'do 2
d L B1
X Zsin20
do 4
1cos@ sm@
i _J’ (4 L
J-Vl 4x J1-4( 0059
1 cos @sin @ 40 = 1J'COS 0do AL
\J1-cos?
T
X=0=>0=— 1 z
2 3o J-g Jx dx:ljzcoszede Al
Vs o V1—4x 4 )
X==—=0=—
4
(4)
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(d) 11 1
— 1 =(1+cos20)df0=K| 8 +=sin 260
4j 3 ) ( 2 j M
1 z
jg Jx dx:i{éwisinze}zz...( i—ij
o V1—4x 8 2 z 32 16
4
ore.g.
1 n 1
3 5 A dM1
°_x dx :1{0+lsin 26}2 :—l{arcc032ﬁ+lsin 2arc:coszx/§}8
o V1—4x 8 2 z 8 2 0
1(~n 1 &«
=== =+=-=
8l4 2 2
= garCCOS(Z\/;)dX [xarccoszx/_] +——i:£arccosi—0+£—i dMm1
. o 32 16 8 V2 32 16
r 1
——— 0e Al
"16 16
(4)
(13 marks)
Notes:
(@)
M1: Attempts to apply the arccos derivative formula together with chain rule. Look for
a_y x f (x) where f (x) is an attempt at differentiating 2Jx where f(x):&a\&

1
dx ll—k«/;Z

Note that k may be 1 for this mark.
Alternatively, takes cosine of both sides and differentiates to the form shown in the scheme.
dM1: Correct form for the overall derivative achieved, may be errors in sign or constants with k # 1

Alternatively, divides through by sin y and applies Pythagorean identity to achieve derivative in
terms of x.

Al: Correct derivative, but need not be simplified. Award when first seen and isw.
(b) Way 1

M1: Attempts to apply integration by parts to 1x arccos(Zﬁ )

Look for xarccos(zﬁ)—jx"their (@"dx oru =arccos(2ﬁ):>3—u=part(a), %zlzv:x
X X

Al*: Correct work leading to the printed answer. There must be a clear statement for the integration
by parts before the given answer is stated.

Soeg. u= arccos(Z\/;) =N g—u = part(a), LUV
X dx

dx* scores M1A0

= | arccos Zf dx = xarccos Z\f J‘
J =

You can condone J.arccos(zf ) dx = xarccos Z«f I dx*

—
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Way 2
M1: Applies the product rule to xarccos(Z\/;) , look for 1.arccos(2\/§)+ x."their (a)".

Al*: Rearranges and integrates to achieve the given result, with no errors seen.

(c)
B1: Any correct expression involving dx and dé, see examples in scheme.
Jx
V1-4x

Ignore attempts at substitution into the xarccos(Z\/; ) :

M1: Makes a complete substitution in the integral J dx to achieve an integral in 6 only.

Al: A correct simplified integral aside from limits. May be implied by e.g. %I ’ cos’ 6 dé

Note that this mark depends on the B mark.

Al: Finds correct limits for § and applies to the integral by reversing the sign — i.e. correct answer

with limits and sign all correct. Accept equivalent limits e.g. Z o -Z or Z o 3

2 4
Note that this mark depends on the B mark.

(d)

M1: Applies double angle identity to get the integral in a suitable form and attempts to integrate.

Accept cos® 6 = %(ﬂi cos 26) used as identity and look for 1— 6 and cos26 — i%sin 20

dM1: Applies their limits (either way round) to their integral in & or reverse substitution and applies

limits 0 and l.
Depends on the previous method mark.

dM1: Applies limits of 0 and % to the xarccos(Z\/;) to obtain a value (or their limits either way

round if they applied the substitution to this to obtain a value) and combines with the result of the
other integral.

Depends on both previous method marks.
Al: Correct final answer.
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