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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 Allthe 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 outwork should be marked UNLESS the candidate has
replaced it with an alternative response.
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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.

¢ B marks are unconditional accuracy marks (independent of M marks)
Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the
mark schemes and can be used if you are using the annotation facility on ePEN:

e Dbod - benefit of doubt
o ft - follow through

o the symbol «/\ 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 0e - or equivalent (and appropriate)
e d... or dep - dependent

¢ indep - independent

e dp - decimal places

o sf - significant figures

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

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

4. 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.



5.

7.

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 you are using the annotation facility on ePEN, indicate this
action by ‘MR’ in the body of the script.

If a candidate makes more than one attempt at any question:

a) If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.

b) If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x2 +bx+c)=(x+p)x+q), where|pq| = |C| leading to x = ...
(ax® +bx +¢) = (mx+ p)(nx +q), Where|pq| = |c| and |mn| :|a‘ leading to x = ...

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

. 2
Solving X’ +bx+c=0: (x£%) £g+c, ¢=#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 mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is
asked for, or working with surds is clearly required, marks will normally be lost if
the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
be done “in your head”, detailed working would not be required. Most candidates
do show working, but there are occasional awkward cases and if the mark scheme
does not cover this, please contact your team leader for advice.
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%?f;%g? Scheme Marks
1(a) il
(8—3x) zl(l—ng ’ Bl
2 8
3\ 3 —1(=1_1 (=) (=1=2) 3 Y
1-=x =1+(—§) —=x |+ 3( : )——x + 3( : )( d )——x + Ml
8 8 21 3! 8
(8—3x)_%——+ ! X+ 2+Lx3 Al Al
2 16 64 1536
(C))
(b) 1 o1(2) 1(2Y 7 (2 2851 -
2851
—F—| =+ +t—| = |+ = — =36 =| 2222 | =
2 16(3) 64[3} 1536(3) 5184:’*/g (5184) Ml
_5184 12333 Al
2851 2851
(@)
Total 6

1

Note a misread of (8 —3x)5 can score a maximum of BIM1AOAO MOAO

(a)
BI1:

Mi1:

Al:

1
Obtains ;(li-...x)_;- 8 3 must be evaluated. May be implied by further work e.g. %J_r

provided this has not come from an incorrect method.

e.g. (8—3x)_% 1.1 1

L) A 3 * 5 2

(8-3xp 2 393 4[]

Attempts the binomial expansion of (1 + kx)" to get the third or fourth term unsimplified with
an acceptable structure.

+... 1s BO.

The correct binomial coefficient must be combined with x* or x’ which may be unsimplified.
_1(_1_ (1 1) (=1_2
Look for —3(2'3 )...x2 3( : )( : )

or 3 ..x" o.e. (you do not need to be concerned

with their —% which may be 1 or e.g. if they have a negative sign in front of the whole term)

1 1
Do not allow notation such as | 3 , 3| unless interpreted correctly in further work.
1 2

May be implied by correct coefficients with x* or x’

1 1
For 2 correct simplified terms of — x, — x’

, x* (allow x' for x for this mark) which
16 64

" 1536
may be listed.
Condone if coefficients are given as decimals i.e. 0.0625x, 0.015625x>, 0.004557...x°

1
3 )3 1 1, 7 5
Also allow for l—gx :1+§x+—x +—Xx +...

(Note BOM1A1ADO is possible)
32 768
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Al L li ey
2 16 64 1536

x* . Isw following a correct answer.
o . . . . 1
Condone the position of x" provided it is not clearly on the denominator. e.g. condone 16
X

1 oy 1 1
but not e Ignore terms with higher powers of x. Do not accept 3 x'
X

(b)
MI1: Attempts to substitute x :% into their expansion from part (a) to achieve a fraction and

attempts to find the reciprocal of that fraction. May be implied by their fraction. You may need
to check this on your calculator. They may attempt to find an additional term which is fine. Do
not be concerned as to whether the fraction is correct for their binomial expansion if they have
shown the substitution. Condone slips including losing one of their terms.

S (2)y 1 (2, 7 (2, 4 B
—+—|=|+—|=| +——| = | "=—==— scores M1
2 1613) 64(3) "1536\3) B 4

scores M1

1

o2 12y 7 (2Y.,
—+— | Z+=| | +—
2 1613) 64\3) "1536\3

on its own scores M0

Al: 5184 or 12333

- —— . Isw once a correct answer is seen. Correct answer scores M1A1.
2851 2851



Question

Scheme Marks
Number
2 Assume that C, and C, do intersect so that x* +10x*> +8=2x>—7 Bl
(and has real solutions).
x* +8x% +15 :0:>()c2 +5)(x2 +3):O:>x2 =...
or
Q4[R2 _
X' 4+8xX° +15=0=>x" = 8+ 82 4x15 Ml
or
X 48 +15=0= (X +4) ~1=0=x" =...
xX’=-5-3 Al
e.g. The two values of x> <0 (so x* +8x>+15=0 has no real roots) which is not Al
possible so C, and C, do not intersect
“4)
Total 4

Note that BOM1A1A1 is possible

B1: Sets up the contradiction by

e making a statement assuming that the two curves intersect e.g. let/assume/suppose C, and

C,/ the curves intersect/meet/cross

e cquating the curves i.e. x* +10x”> +8=2x> —7 o.e. (the equation must be correct)
Condone no reference to the equation having real solutions.

MI1: Attempts to solve a three-term quadratic equation in x> by any valid (non-calculator)
method. Usual rules apply. If the roots are just stated then MOAOAO follows.

Al: x*=-5-3.Allowe.g. m*=-5,-3

Do not condone e.g. y = —5, —3 without reverting back to x*> = ... or making valid deductions

about e.g. x* being negative

Al: This mark can only be scored provided the previous M1A1 has been scored.
Acceptable conclusion which

e refersto x° being negative which is not possible or the equation has no real roots or

x> =-3,-5 but x*..0
e refersto C, and C, not intersecting

e Correct use of inequalities throughout e.g. x*...0 (not just x*>0)
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Alternative considering the sign of each term / the expression

B1:

Ml1:

Al:

Al:

As above in main scheme notes

Either one of:

e considers the sign of one side of an equation or inequality which includes either an x* or x*

term. e.g. x' +8x°..0 e.g x*+8x*+15>0 Allow to compare with 0 e.g. x* +3 #0

e considers the sign of x* or x* e.g. x*..0

e considers separately at least one part of the product of two terms. e.g. x”(x° +8)>0 or
(x*+8)>0

e considers the range of values using their completed square form e.g. (x2 + 4)2 ..16 or

x*+4..4
Do not be concerned by > or ...

Correct three-term quadratic in x* and correct deductions that e.g. x*..0 and x*..0

depending on their expression (condone > 0)
This mark cannot be scored if the expression they use to make their deductions is incorrect.

e.g. x*(x* +8) is positive (or zero) since x’and (x2 + 8) are both greater than (or equal to)
zero is Al

e.g. x*+8x”..0 since x” and x* are both ...0 is Al

e.g. X’ +4..4 since x”..0 is Al

e.g. x"+8x°..0 is A0

This mark can only be scored provided the previous M1A1 has been scored.
Acceptable conclusion which refers to

e the equation x*+8x”+15=0 gives no solutions o.e. e.g. x* +8x” +15 cannot equal zero,
e.g. x*+8x” cannot equal —15 e.g. x> +4 cannot equal —1
e (, and C, not intersecting

e Correct use of inequalities throughout e.g. x*...0 (not just x> >0).
Do not accept e.g. —3,, 0
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Question Scheme Marks
Number
3@) x=3sin36’:>%=9sin290059 0.c. B1
dy  —2sin26
dx 9sin’ @cosd Mi
d_y:—4§11219c059:_icosecg Al
dx 9sin” Hcosb 9
3)
(b) ’
9=Z d__" §",x=3(lJ =,..,y=1+l=... M1
6 dx 9 2 2
3 8 3
)’—E——;(x—gj dM1
16x+18y—-33=0 Al
3)
(c) « 3 . x X %
e.g. x=3sin"f=sinf=3 3= y=l+cos20=1+1-2sin’ 0= 2—2&) M
2 2
y:2—2(§j3:>2(§]3:2—y:>8x2=9(2—y)3* Al*
q=3 Bl
3)
Alt©) | g 82> =725in°0, 9(2-y)’ =9(2-cos20-1) =9(1—(1-2sin* 0)) MI
72sin69:9x8sin60:8x2:9(2—y)3* Al*
q=3 B1
Total 9
(a)
B1: Correct expression for % which may be part of their expression for % Condone poor
labelling/notation provided the intention is clear. Must be in terms of &
. .. . _ . . 1—cos26
May use identities before differentiating using the product rule e.g. sin 0(%)
dy . dy dé& . . .
MI1: Correct method for o They must be attempting a9 X e o.e. condoning copying slips and
condoning poor differentiation, labelling /notation provided the intention is clear.
Al: Achieves % = —g cosec @ with no errors but condone invisible brackets and poor notation

. : . 4 d ) .
being recovered. Allow equivalent fractions to — % Note ay = may be seen in an earlier line

of their solution which is acceptable.
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Alt (a) Implicit differentiation — note that some candidates may find the cartesian equation
and differentiate implicitly or explicitly.

B1: A correctly differentiated cartesian equation. (Do not be concerned with where the cartesian

equation has come from for this mark)
d
e.g. 16x=9x3x(~1)x(2—y) xay

M1: Substitutes in for x and y into their differentiated equation and rearranges to achieve an
expression for % in terms of @. Condone poor differentiation.

Al: Achieves % = _g cosecd Wwith no errors but condone invisible brackets and poor notation

. . . 4
being recovered. Allow equivalent fractions to — % They must have shown correctly how
they found the cartesian equation. i.e. they cannot just use the given result in (c).

(b)

MI1: Attempts to find % ,x and y when 9 = % Must achieve values for all three which may be
implied by further work. Condone slips but if values are only stated then their % must be
correct for their &£ (look for 2x their k) and one of x or y must be correct.

) ) 16 : .
Note that they may use their Y in terms of x and y|= "_—xz,, by either finding the
dx 27(2-y)
differentiated equation in (a) or by converting in (b).

dM1: Complete method for the tangent using their values. It is dependent on the previous method
mark. Condone one sign error when substituting in the coordinates. If they use y =nwx+c
they must proceed as far as ¢ =...

Al: 16x+18y—33=0 or any integer multiple of this equation. Must have = 0.

(c)

M1: A complete method to eliminate 6. Any identities used must be correct when substituted in.
Do not allow the parametric equations to be expressed as 8 = and equated. May also be
awarded if seen in (a).

A1*: Correct proof with no errors including brackets although condone missing trailing brackets if
it does not affect the expression. Must be seen in (c).

B1: Correct value of ¢g. Do not accept x =3 Can be scored for the domain -3,, x,, 3 which must
be in terms of x

Alt(c)

MI1: A complete method to express lhs and rhs both in terms of sin & only or both in terms cos 26
only. Any identities used must be correct when substituted in. They cannot proceed from
9(2—y)* =72sin® & without an intermediate stage but condone 8x” =72sin® @

AT*: Fully correct work showing lhs = rhs and gives a conclusion. There should be no errors
including brackets but condone missing trailing brackets if it does not affect the expression.

B1: As above in the notes for (c)
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Question
Number Scheme Marks
4(a) x=1,y=2=3x"+2y" —4xy+8 —-11=3+8-8+8-11=0* B1*
Q)]
(b) 8" —>8"In8 Bl
dy > dy
4 4x—=+4y or 2y—
Xy —> xdx+ y y: = ydx M1
6x+4y%—4y—4x%+8"1n8=0 0.c. Al
d—y(4y—4x):4y—6x—8xln8:>d—y= Ml
m Fialt
dy 4y—6x—81In8 dy 6x+8 In8—4 dy 4y-6x—c""ng
_2yor - o.e.e.g—yz i yore.g—yz yoorte 7 Al
dx 4y—-4x dx 4x—-4y dx 4y—4x
&)
(c) dy 8-6-8m8__ 4 -
(1,2)—>dx——8_4 =y 2_—81n8—2(x 1) M1
4
y—OﬁO—Z—m(x—l):x—... Ml
x=2-12In2 Al
3
Total 9
(a)

B1*: Substitutes x = 1 and y = 2 and obtains 0 with no errors.

(b)
B1:

MI1:

Al:

Minimum required without evaluating each term e.g. 3x1+2x2*—4x1x2+8 —11=0. We just
need a correct equation which evaluates as 0.

Alternatively, substitutes in x = 1, forms a quadratic in yi.e. 2y° -4y =0 o.e. and

solves to find y via any method:

3+2y’ —4y+8-11=0=2)" -4y =0= y =2 (ignore the other solution 0)

They may at this stage substitute in y = 2 to get 0.

In any of the approaches a conclusion is not required.

xIn8

Correct differentiation of 8. Award for sight of In8x8" or ¢™"° xIn8. Do not be concerned

with the use of modulus signs around In8
dy dy
For y* 5 ky—=L or 4xy > Ax—+B
y ! 34 i Y

Fully correct differentiation. Condone the omission of = 0 or may be implied by further

work. Accept 6x+4yd—y—4y—4xd—y+e““8 In8=0
dx dx

Ignore if they start their differentiated line with e.g. % =

PMT



M1: Attempts to make % the subject with 2 terms in & coming from the correct places. i.e. they

must have two terms (one of each) of the form ax% and [ y% where a, f are non-zero

constants.
Al: Any correct expression for % Allow y' =... o.e. isw after a correct answer is seen
Condone poor dividing lines which do not go quite far enough provided an incorrect method
4y—6x—-8"1n8
4y—4x
(c) Note that an incorrect derivative in part (b) can score maximum 110 in part (c)

wasnot seen. E.g.

M1: Attempts to use x = 1 and y = 2 in their % to find the gradient at P (condone if this is a

decimal) and attempts to form the equation of the normal at P using the negative reciprocal
gradient. Condone one sign slip when substituting in the coordinates into the straight line
equation.

4
8In&—2
If they use y =mx+c they must proceed as faras c=...

They may set y =0 at this stage such that -2 = (x—1) which is acceptable.

MI1: States y = 0 or substitutes y = 0 into their straight-line equation using a changed gradient from

their % and rearranges to find x. Do not be concerned by the mechanics of their

rearrangement.

Al: Correct expression in the required form
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Question
Number Scheme Marks
5(a) 2
e.g. 1=£:>r=£h:>V=l7rr2h=l7z(zhj h M1
h 30 30 3 3 \5
3
V:47rh % AL*
75
2)
(b) Azh* AV 127h? 4rh?
75 dh 75 25
V=15x60x2x
4 3
1807 = 7 1 23375 = h=_..(15) M
dh dh dV 75
e = 27=..
dt dV dt 12;z><152X i Ml
1 -1
— (cms
3 ( ) Al
&)
Total 6

(a)
MI1: Uses the 12 and the 30 to find the ratio between % and r and substitutes into the volume
formula to find ¥ in terms of 4. Condone poor bracketing / invisible brackets for this mark.

. 2
May just state » = Eh

This mark cannot be for substituting in e.g. r = % instead of » = %h

ATl*:  Correct proof with no errors including brackets. There must be at least one intermediate

. o 12 : .
stage of working between establishing » = n h and proceeding to the given answer.

(b) Note that substituting /2 =1.5 or /4 =90 will score MOMO in (b)

B1:  Correct expression for (31—12 in any form

Ml1: Attempts their volume (“27zx¢ ) after 1.5 minutes and uses this with the given result from
(a) to find 4. They may find / by equating their expression for the volume to the given result
from (a) before substituting # =90 and rearranging to find 4. Do not be concerned by the
mechanics of the rearrangement. Condone slips.

MI1: Correct chain rule attempt using their 4 to find c(li_h . It is dependent on having used =90
t

(or condone ¢ = 1.5 ) when finding 4.

Al:  Correct value. Allow awrt 0.0556 (cm s~!) Units not required for this mark.
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dh 75
Alt(b) I Solving the differential equation o = el and then using 7 =90

B1:

dar _ 127zh* | 4xh’

dh 75 25

M1: Attempts i—h _dn 47 ( Ej to achieve an expression in 4, attempts to solve their
t

X =
dv dt 6h°
differential equationJ 6h> dh = J 75dt = 2k’ =75t+c o.e.anduses t =0, h=0=c¢=0

1

(you may not see the working for ¢) to find h=1(t) (4= (37.5t)5 ). Do not be concerned by

the mechanics of the rearrangement.

2
M1: Attempts % (:%3 37.5¢ 3} and substitutes t=90:>%=...
t

Al: As above in main scheme

Alt(b) II Equating volumes, rearranging to s =... and then using ¢ =90

Bl: V =2xt
3

1
and rearranges to /1 =f(t) (4 =(37.5¢)3). Do not be

M1: Equates their 277 equal to

concerned by the mechanics of the rearrangement.

2
MI1: Attempts % (=%3 37.5¢ 3] and substitutes t:90:%:...

Al: Asabove in main scheme
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Question Scheme Marks
Number
6 u=~Nx’+1=u’>=x +1:>2u%=3x2
or
u=x*+1=u’>=x° +1:>2u—3x2£
du
or Bl
1
u=VJx’+1 = % :%(x3 +1)75 = 3x?
or
1 2
de 2 -
x=@’ -1 = —=Zu@’-1)3
(-1 w3 (™ —1)
'od 5 2
e.g. ox dx = 9i—ud —“‘6x3 du=6j(u2—1)du
o )C3 +1 L 4 u 3x
or MI1Al
o 5 5
e.g. o dx= 9x” 2x'+1 6x3du=6J.(u2—l)du
J /¥ +1 o \/x +1  3x°
6-‘-( ~1)du =2u" - 6u (+¢) =2(x’ +1) 6(x° +1) (+¢) M1
1 1
=2 +12[ (¥ +1)=3 |+ e=2(x*+1)2 (¥’ ~2)+¢ Al
3
Total §
B1: Any correct equation involving % or ;ﬂ or du and dx separately. May be implied by
u
further work.

M1:

Al:

Ml1:

Al:

Attempts to fully change j dx into an integral with respect to «. There must be no x’s

9x°
VX' +1
anywhere. Must include an attempt at replacing dx to get du so MO if there is no du term
present (unless implied by further work) or dx becomes du without an attempt at connecting

du

them first. (i.e. there must have been an attempt at — or (;ﬂ ). Condone no integral sign for

u
this mark.

Reaches 6-[(”2 - l)du o.e. Condone the omission of the integral sign but they must have a du

or implied by further work.

Attempts to integrate their expression in terms of u only (usually '[ (Au® + B)du ) and

attempts to reverse the substitution so that the expression is completely in terms of x (with or

without the constant of integration). For the integration look for a correct method to integrate
1

: C . .
atermie. .u" —>.u"" or B— Bu or ——> Inu at least once. Just seeing + ¢ is not an
u

example of integrating.

Correct expression in the required form including the + ¢
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%‘;ﬁgg? Scheme Marks
7(2) 3x—1_, or 1 "I
x+2 xX+2 x+2
3x—1 7
x+2_3_x+2 Al
2
(b) :
V:(ﬁ)j(3_Lde: M
x+2
=(r) 94 hid dez —42In(x+2)+..
o X+2 x+2
or M1
:(7[) 9_ 49 dx = 49
J x+2 x+2 x+2
=(7) 9" hid ]dx: —42In(x+2)+..
J X+2 (x+2)
and dM1
:(7;) 9_ 49 dx— 49
J x+2 x+2 x+2
[ 49
=(7) || 9- dr=9x—42In(x+2)- Al
J x+2 x+2 x+2
v =(r)| } —(x ){36 421n 6—£—(9 421n 3—f)} MI
i +2 6 3
- (2—421 2) Al
6
(6)
Total 8
(a)

M1: Obtains either 4 =3 or B=
3

Al:

is seen in (b). Allow 3+ =7
x+2

X+

=7

7

and 3+——

x+2

Just stating the values of 4 and B is insufficient but you may award this mark if it

(b) Condone transcription errors for the method marks e.g. —2 — ...ln(x — 2) provided
X+

no incorrect method is seen. Condone invisible brackets for the M marks
M1:  Uses their result from part (a) and applies the volume formula (with or without the 7 and

condone 27 ) and attempts to square the bracket. Condone if they just square the two terms

in the brackets or if their squaring is poor.
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M1:

dM1:

Al:

Ml1:

Al:

Integrates to obtain the correct form for one of the fractional terms i.e.

—p —>...1n(x+2)

or ———— — ——. This can be scored even if they have not squared any terms originally
(x + 2) x+2

if they have one of these terms of the required form. Condone invisible brackets for Inx+2

Integrates to obtain the correct form for both fractional terms i.e. —..In(x+2) and

x+2

> — ——. It is dependent on the previous method mark. Condone invisible brackets
(x + 2) x+2

for Inx+2
9x—42In(x+2)-

o.e. May be implied by further work.
x+2

Applies the limits 1 and 4 to an expression of the form Ax=+ Bln(x+2)+C(x+2)" where
A,B,C,n #0 and subtracts the correct way round. The expression with values embedded is
sufficient. Condone slips and invisible brackets.

7{2_11_421 2]
6

Correct expression in the required form. The fraction does not need to be in simplest
form.

Alternative methods (including not using part (a)) requiring use of a substitutione.g. u = x+2

ore.g. u= % Watch out for these longer methods which can still score full marks.
X+

Ml1: Ifusing u=x+2 then (ﬂ)J 3x 1 (E)J9 _®2 + Q du (They will need to divide

their numerator by the denominator to achieve o + (’B al 2;/2 ). Condone slips.

X+
Ifusing u = 7 then (7 )J_2 —Q —7du Condone slips.
x+2
MI1: As above in the main scheme notes for one of the fractional terms i.e. == — .. Inu or
u

RN

u’ o u
dM1: Integrates to obtain the correct form for both fractional terms

. 63 .
Al: 9u—421nu—£1fusmg u=x+2 or A2Inu+——"Tu ifusing u =
u u x+2

MI1: Applies the limits 1 and 4 to an expression of the required form (see above in main scheme

notes) if the expression is converted back to being in terms of x

or applies the limits 3 and 6 if in terms of v if using u =x+2

or e 77 if using u =

3% T2

Al:  Asabove in main scheme notes.
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Question
Number Scheme Marks
8(a) +(—6i+4j—k—(—10i+5j—4k)) M1
e.g r= —10i+5j—4ki/1(4i—j+3k)
Al
e.g r= —6i+4j—kiﬂ,(4i—j+3k)
(2)
(b) 3+3u=—6=pu=-3 Ml
p+l12=4=p=... or g—3=—1=>qg=... dMl1
p=-8 q=2 Al
3
() (4i—j+3K)(3i—4j+k)=12+4+3 Ml
(4i—j+3Kk)(3i—4j+Kk)=26/26cos =19 = cos O =... M1
19
0=) ——
(cos&=) Al
3
(d) 2
AC = ABsin 8 =+/26 l—(%j M1
34910
o.e. Al
26
2)
Total 10
(a)
MI1: Attempts the direction of ;. The expression is sufficient condoning one sign slip or may be
implied by 2 correct components of i(4i —j+ 3k)
Al: Any correct equation including ‘r =’. Allow any parameter to be used including z.
—-10 4 —6 —4
Allow r=—10i+5j—4k £ A(4i—j+3k), r= 5 |xA|-1| r=| 4 |£4| 1
—4 3 -1 -3
Do not accept 1, j, k notation in either bracket using column vector notation
—-10 4i
—4 3k
(b)
MI1: Equates the x component of /, to —6 and proceeds to find a value for 4.
dM1: Uses the value of u to find p or g. It is dependent on the previous method mark.

Alternatively,
e forms a correct equation for the x component using their /, and /,
e proceeds to find A

e uses this value of 4 with the value of x correctly to find p or g by forming an
equation for the y or z component.

PMT



Do not be concerned by the mechanics of the rearrangement in solving.

Al: Correct values
Alt (b)
MI: Forms three correct equations 3+3u=—6, p—4u=4, g+ pu=-1

dM1: Solves simultaneously to find a value for p or g. Do not be concerned by the mechanics of the

rearrangement.

Al: Correct values

(c)

M1: Attempts the scalar product using their direction vectors or may find another direction vector
which should be a multiple of the one for /, or /, (condoning slips e.g. if they restart using
another point on /, to find a direction vector). Look for at least two correct products using
their /,. May be implied by “+19”. May find the obtuse angle which can still score this mark.

MI1: Completes the scalar product method using their direction vectors to find cos 6 (acute or
obtuse). Attempts the magnitude of both of their direction vectors and uses these values in the
correct positions in the equation for cos 6

19 : . . .
Al: 26 or exact equivalent. Do not accept fractions where the numerator or denominator is not

an integer (square roots must be evaluated). Isw if they proceed to find 6

Alt (¢) There will be many alternatives such as the one below. Send to review if unsure.

MI1:

MI1:
Al:

(d)
MIl:

Al:

The first mark should be for finding the required components to use in the cosine rule e.g.
attempts to find another point P on /, and attempts to find the lengths of AB, BP and PA
The second mark should be using all the components required in the cosine rule. E.g.uses

their lengths for 4B, BP and PA in the correct positions in the cosine rule.
As above in the main scheme notes.

Fully correct method to find the exact value for the length of AC.
May alternatively attempt e.g.
47

26

3Y) (13434 : : :

—4 |e —13—4# =O:>,u=_9_7:>A_C;= E = AC = ﬂ + é + ﬁ
26 13 26 13 26

1 6+ u

59
26
Note the coordinates for C are (—%, ?—(3), —%j and they may use their coordinates for C

with point 4 to find the distance AC. Condone one sign slip in the distance formula. i.e. there
must be sufficient evidence that they were attempting the differences between appropriate
coordinates.

Look out for other fully correct methods to find the exact value for the length of AC.

e.g. attempts to find |BC| and uses either trigonometry or Pythagoras’ Theorem.

315 35
Correct value. Allow ,[— or 3,|—
26 26
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Question
Number Scheme Marks
9
@ L A4 —1=A(2x—1)+Br=>A=_.or B=.. M1
x(2x—l) x 2x-1
1 _ 2 1 Al
x(2x—1)_2x—1 X
(2)
b
®) %:Lh(Zh—l)cos(sz ;dhz icos(Ljdt M1
dr 50 10 h(2h—1) 50 (10
[ 1 2 1
——dh=]| ——-—|dh=In(2h-1)-Inh Ml
J h(2h—1) J'(2h—l hj ( )
'(L—l)dh— icos( jdt:ﬂn(Zh 1)—Inh= —sm( j (+¢) Alft
Jl2n—1 n)"" " J 50 10 5
e.g t=0,A=2.5= In(2x25-1)-In2.5=c or
_ Loin[ 2 Ml
e.g. ln£=lsin(ij+c:>2h ! = Xe’ [10) t=0,h=25=X=16
h 5 10 h
1sini
In(2h-1)- lnh—lsm( ]+1 1.6= 2h_l:1.665 (10)
5 10 h Ml
lsin[L]
=2h—-1.6he’ " =1=h=...
5
h: lsin(Lj Al
10—8e” \1°
(6)
(C) . (t) t T 5Stm 9«
sin| —|=1=>—=—, —, —,..=>t=.. M1
10 10 2 2 2
t=457 =141 (s) Al
(2)
Total 10
(a)
) . 1 A
M1: Correct attempt at partial fractions. Sets —— =—+ and uses a correct method to

. . A
identify at least one constant. Incorrect work e.g. —+

Al: Correct partial fractions. Note that this mark is not just for the correct constants, it is for the

x(2x—1) x 2x-1

x 2x-1

= 1= Ax+ B(2x—1) etc. is MO.

correct written fractions but allow this mark to be scored if it is seen in part (b) (in terms of /
or X).

Condone

-1

-1 .
+— or written as e.g. 2(2x—1)" —
x—1 x
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(b)

Ml1:

MI1:

Alft:

MI1:

Ml1:

Al:

PMT

Note that they may work in X throughout, but the final answer must be /2 =...

Attempts to separate the variables. Do not be concerned by slips with the constants so look
_
h(2h-1)

or may be implied by their integrated expression.

For J.(A +ij dh=alnh+ BIn(2h-1)

forasa minimumJ- = J-cos(...t) o.e. May omit an integral sign on one of the sides

h o 2h-1
"A" "BH
ore.g. /1-‘.(7 + ﬁj dh=alnh+ BIn(2h—1) (if they attempt some rearranging first)

Condone invisible brackets.
Fully correct equation following through their 4 and B. The “+c¢” is not required here.

(f+ijdh= icos(ijdt:A1nh+§1n(2h—1)=lsin(ij (+¢) 0.€.
h 2h—1 50 (10 2 T

Condone invisible brackets.

States or uses =0, 2 = 2.5 followed by ¢ =... is sufficient for M1. You do not need to check
their substitution/rearrangement but if there is just a value for the constant then you may need
to check they used 1 =0, # =2.5. May be implied by e.g. In8—In5, In1.6, awrt 0.47
following correct integration. Note that they may have removed Ins first.

To score this mark they must have integrated and achieved an expression of the form

iplnhiqln(2h—l)=irsin(£j +c o.e.

Rearranges using correct algebra to make /4 the subject including when combining logs and

when dealing with the constant. May occur before finding their constant but there must have

been a constant.

Expect to see terms in /4 collected on one side as part of their manipulation rather than

proceeding to the given answer once they have established the value of k. Alternatively, they
2h—1 1 . .

may cancel e.g. 7 -2 7 and rearrange to make / the subject using correct algebra.

Do not condone sign slips for this mark.

Correct expression (including 4 =...) in the required form. Requires

Correct integration

Correct algebra

Do not penalise brackets recovered in their work or working in x rather than / until the final
answer.

(c) Note that an answer with no working seen scores MOA(

M1:

Al:

Solves sin (%j =1 to find a value for ¢. Do not allow this mark to be implied by

e.g. Sz, 257, 457 but allow for e.g. L _Z /- Mustbe working in radians.
10 2

Note that attempts that do not use part (b) and just use the differential equation proceeding to
cos (%) =0 score MOAO. (Note if their K is negative condone if they solve sin (%J =-1)

awrt 141 (but do not allow just 457 ) Units not required.



%llllenslt;(é? Scheme Marks
10() g=6t 0.€. Bl
dt
Area:Ljsintsinth&dt=stintx2sintcost><6tdt M1
3
:IZI tsin? tcostdt Al
0
3
(b) - -z z
2
=(12) L sin® ¢ 2—(12) lsirﬁzfclt M1
_3 o 0 3
T (e
=(12) L sin® s —(gj sint(l—coszt)dt Ml
_3 10 3 0
= .3 4 3 E
=| 4¢sin t+4cost—§cos t Al
0
4
—2r—la_2
T ( 3) Ml
8
—or—2
/4 3 Al
5
Total 8

(@) On EPEN this is MIM1A1 but we are marking this as BIM1A1

It is acceptable to work in a different variable such as @ instead of ¢ provided the final
answer is in terms of ¢ but withhold the final mark if there is a mixture of variables in the
same line  of working.

B1: & = 6¢ seen or implied.
6tsinzsin2¢ implies B1 but 6¢sin” ¢ cost does not imply B1.

MI1: Uses sin2¢=2sintcos¢ within the expression for y i.e. y =sin¢sin2¢ = 2sin’ fcos¢ or may
be seen in their integral. May be implied by e.g. Ipt sinsin 2¢ (dt) — j2pt sin’ 7 cos ¢ (dr)

Condone the omission of z. i.e. y =2sin” cos
Al: Correct integral including dz with k£ = 12 with at least one intermediate stage of working

(which may only be e.g. % = 6¢ ) The integral sign, dz, limits only need to be present in the

final answer. Ignore any attempts to verify the limits of 0 and %

Do not condone poor notation e.g.sin¢” or the absence of variables in the main body of the
solution.

12¢sin’ tcost with or without integration notation and with no other working implies
BIMIAO
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(b) Condone working in mixed variables provided the intention is clear or they recover in further
work. Condone the absence of variables in trigonometric functions e.g. sin for sin¢ or cos for
cost

M1: Attempts integration by parts in the correct direction to achieve an expression of the form

Ltsin’ I sin’¢ d¢ Condone the omission of their 12
M1: Uses sin’ ¢ =sint¢ (1 —cos’ t) to reach the integrable form ...#sin’ ¢ + J. sint(1-cos’¢) dt o.e.
May be seen as ...zsin’ ¢t + ...J‘sint—sintcos2 tde.

Alternatively uses compound angle formule to substitute sin’ ¢ =...sin¢+...sin3¢ to reach an
integrable form. ..£sin’ ¢ + ...I(...sin t+...sin 3t) dr (4t sin’ £ — I(3 sint —sin 3¢) dt)

In either approach it may be implied by their integrated expression. Condone the omission of
their 12

Al: Fully correct integration of J-tsinz tcost dt

. . . . ) 1
or alternatively 4¢sin’¢— j (3sint—sin3¢)dt = 4tsin’ £ +3cost — 3 cos3t .

. . . . 4
Condone any multiple and condone missing variables e.g. 4¢sin’+ 4cos—§cos3

M1: Applies the limits 0 and % to an expression of the form Atsin’ f+ Bcost+Ccos’t where
A,B,C #0 or in the alternative « cost+ fcos3t where o, f #0
. . 8 o :
Al: Correct answer in the required form. 3 does not need to be in simplest form. isw once a

correct answer is seen.

Alternative substitution method using v =sin¢

MI1: Attempts to use the substitution u =sin¢ to proceed to (12)J.u2 sin” udu and attempts

integration by parts in the correct direction to achieve an expression of the form

u 4 1 u’ . .
(12) ?sm u 3 = du | but condone coefficient slips.
I-u

Condone the omission of their 12
M1: Proceeds to an integrable form by using the substitution v =+/1—u"

e.g. (12) lu3 sin” u + 1 1-v*)dv | Condone the omission of their 12
3 3

. .1 . 1 1 3
Al: Fully correct integration §u3 sin” u+ 3 JI-u? - 5 (\/ 1-u’ ) (may not have reverted back to

being in terms of ). Condone any multiple and condone missing variables

3
M1: Applies the limits 0 and 1 to an expression of the form Du’ sin™ u + E\/I —u’ + F(\/l —u’ )
where D, E and F #0

: . 8 o :
Al: Correct answer in the required form. 5 does not need to be in simplest form. isw once a

correct answer is seen.
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Alt (b) — Integration by parts twice

MI1: Attempts integration by parts in the correct direction to achieve an expression of the form
Ltsind j sin’¢ dt Condone the omission of their 12

MI1: Proceeds to an integrable form by attempting integration by parts again achieving the form
.tsin’t+...costsin®t + I sintcos” tdt Condone the omission of their 12

. 1 . 2 . -
Al: (12) [é sin’ £ + 3 costsin’ £+ 5 cos’ tj o.e. Condone any multiple and condone missing

variables

M1: Applies the limits 0 and % to an expression of the form ptsin’ ¢ +¢gsin’ tcost +rcos’ ¢

where p, gand r =0
Al: As above in main scheme notes
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